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INTRODUCTION

San/alum album, also known as the East Indian Sandalwood is a partial root parasitic tree

native to South India. It is a globally renounced timber species valued for its fragrant heartwood

and essential oil. Sandal is a small to medium sized evergreen tree growing to a height of 12 to 15

meters and a girth of 2 to 2.4 meters (Parthasaradhi and Rai, 1989) with elevated branching as well

as narrow drooping. Preferably growing in the lowland tropical forests and woodlands, the species

is found to occur naturally in India, China, Indonesia and Philippines and introduced to other parts

ofthe world. The tree burgeons well from the sea level up to 1800 m altitude. Although the species

thrives in a wide array of soil and climate, its growth is greatly retarded in highly alkaline,

waterlogged or very cold places. The species has attracted the global market due to its

multitudinous useftilness and is one ofthe most expensive timber in the world.

The demand for the sandalwood across the globe is outstripping its supply. Moreover, the

natural population of sandal is dwindling over the past three decades. The high price of the sandal

wood in the market has led to the illegal felling of the trees in their natural habitat. The illegal

trading of the commodity is pervading. Added to these pressures, the trees in India face heavy

threat from the spike disease. All these factors have led to the categorization of 'Vulnerable'

according to the lUCN red list 2010 after its production has dwindled by 80 per cent in the last

decade. An estimated number of 100,000 trees above in Marayoor from a report by Varghese

(1976) have been recently corrected as approximately 60,000 trees in the protected area. Also in

India, the economically viable sandal trees are reported to be commercially extinct due to illegal

harvesting and over exploitation. Hence, the need of the hour is to regenerate and conserve the

species in its natural habitat as well as plantations.

One among the major constraints in raising sandal is the poor germination rate of the seeds

and slow rate of establishment of the seedlings in the field. The hard seed coat makes the seed

difficult to germinate. The artificial propagation methods have not been successful in sandal,

hitherto. Therefore, new strategies to enhance the speedy gennination and uniform growth ofthe

seedlings of sandal has to be achieved to raise good quality planting stock. The fruits of sandal are

succulent drupes with a diameter of 0.3 to 0.5 inch. Tlie fruits obtain a purplish black colour at

maturity and contains a single seed with brown endocarp which is moderately hard. The seeds are

spherical in shape having a diameter range of 0.5 to 1 cm and the weight of an individual seed



varies from O.I to 0.2 g. Nagaveni and Ananthapadmanabha (1986) grouped the seeds as small,

medium and big based on the seed size and weight, and found that 82 to 87% of a seed lot of sandal

is constituted by medium sized seeds (0.1 to 0.2 g weight and 7 to 8 mm size). It is said that the

weight of the seed is inversely proportional to the gennination rate whereas the seedling vigour is

directly proportional to the seed weight. The germination in sandal is sporadic and completes

within a period of 4 to 12 weeks (Srimathi et al., 1995). Different pre - treatments like soaking in

cowdung, acid scarification, hot water soaking and gibberellic acid have been practiced in sandal

till date and currently, gibberellic acid 500 ppm is the best pretrcatment for sandal seeds. A

pretrealment of 0.5% gibberellic acid has resulted in 35 to 45% gennination in sandal seeds (Sudhir

et aL, 2013) whereas the seeds of sandal recorded a cumulative gennination percentage of 74 per

cent in 115 days (Sutheesh etal.^ 2016).

Seed priming is a controlled seed hydration treatment in which the metabolic activity is

enhanced, but suspended before radicle protrusion. It inducts a particular physiological state in

plants by the treatment of natural and/or synthetic compounds to the seeds prior to germination.

During priming, the seeds are soaked in water (hydropriming) or PEG (osmopriming) or salt

(CaCh, CaS04 or NaCl, etc.) or any other chemical prior to germination. The beneficial effects of

seed priming include faster emergence, better establishment and lower incidence of re-sowing,

more vigorous plants, better drought tolerance, earlier flowering, earlier harvest and higher yield.

Biochemical studies of primed seeds indicated that protein synthesis was increased by osmotic

conditioning which can be due to the removal of certain inhibiting factors such as abscisic acid or

to the production of promoting factors. The mobilization of the reserved materials stored in the

seeds may explain the increase in germination and vigour induced by osmotic conditioning.

Rapid gennination and emergence is an important factor of establishment of sandal

seedlings. Seed priming is reported to be one of the major development to induce rapid

germination and emergence of seeds and to increase seed tolerance to adverse environmental

conditions. (Harris et al.y 1999). Seed priming has al.so proved to be successful in reducing the

germination time and uniform seedling growth of few important forest tree species. Prolonged

nursery period is an important constraint to be overcome for raising quality planting stock of

sandal.
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Hence, the present investigation entitled "Impact of seed priming techniques on the

germination and seedling attributes of sandal {Santahim album L.)" was carried out with the

following objective keeping the above aspects in view.

•  To evaluate the effect of different seed priming techniques viz, biopriming, chemical

priming, hydropriming and osmopriming on the germination and seedling growth of

Sautaliim album L.
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REVIEW OF LITERATURE

Sandal {Santalwn album) is one among the esteemed and high - priced timber in the world.

The species has attained great importance in the global market due to its fragrant heartwood and

the essential oil. In India Santahim album is mainly distributed in the Deccan plateau and total

extend of its distribution is around 9600 km- of which 8200 km^ is in the states of Kamataka and

Tamil Nadu (Srinivasan et ai, 1992). In Kerala, it occurs sporadically in the deciduous forest up

to 900 m elevation; fairly common at Marayoor. Estimates indicate that the global demand for

sandalwood is 5000-6000 tons year' and that of oil is 100 tons year ' (Joshi and Arun Kumar,

2007). This demand is expected to increase in the coming years and in India, substantial decline

in sandalwood production has occurred 1500 tons year"' in 1997-98 to 500 tons year' in 2007 and

100 tons year"' in 2011-12. Sandal heartwood prices have increased from Rs. 365 ton"' in 1900 to

Rs. 6.5 lakhs ton"' in 1999 -2000 and to Rs. 37 lakhs ton"' in 2007 (Joshi and Arun Kumar, 2007).

Considerable decline in the natural populations of sandal due to illicit felling and over exploitation

has resulted in the categorization of the species as 'Vulnerable' to extinction in the lUCN red list

(lUCN 2010). Hence the regeneration of sandal is of great challenge and a concern to the forest

department. The poor rate of germination of sandal seeds associated with prolonged period of

germination are the major constrains in the regeneration of sandal.

2.1 Seed Germination in Santalum album

Sandal fruit is a drupe, globose, 1.25 cm diameter, purplish-black, with hard-ribbed

endocarp. Seeds are globose (Luna, 1996) and 0.2 to 1.2 cm in diameter (Srimathi et al., 1995)

and 6000 to 7055 seeds weight one kg (Sengupta, 1937; Kumar and Bhanja, 1992). Seed emptiness

in this species is low. Nagaveni and Ananthapadmanabha (1986) had graded the seeds of sandal

as small, medium and big on the basis of seed size and weight. More than 82 - 87% of the sandal

seed lot falls in to medium category, weighing 0.1 to 0.2 g and an average size of 7 to 8 mm.

Generally, the seeds of sandal when dispersed by birds in the natural habitat require four to eight

weeks to start germination (Venkatesh, 1995). Srimathi et al. (1995) stated that sandal seeds

exhibit sporadic germination and complete gennination witliin a period of 4 to 12 weeks.

The dormancy of the seeds is a major constraint in the regeneration of sandal. However,

exact mechanism behind the donnancy is not known. Baskin and Baskin (1988) concluded that



the sandal seeds possess physiological dormancy or morphophysiological dormancy i.e. seeds

contain a minute embryo that should elongate inside the seed before, during or after the loss of

physiological dormancy. They inferred that on the basis of the facts that seeds required (I) warm

stratification to break dormancy (Srimathi and Rao, 1969) and (2) a prolonged germination period

(Beniwal and Singli, 1989). Embryos inside S. album seeds are very minute (Rangasvvamy and

Rao, 1963), but whether they grow before radicle emergence is unknown. Additional information

supports that the seeds of Sanlalum species are dormant at maturity and have a physiological

component to their dormancy: germination increases with (1) gibberellic acid (GA3) (Nagaveni

and Srimathi, 1980; Ananthapadmanabha el a!., 1988; Hirano, 1990; Loveys and Jusaitis, 1994;

Cromer and Woodall. 2007; Nikam and Barmukh, 2009; Gamage et al., 2010) and (2) with

removal of the fruit wall since the embryo has a low growth potential (Sahai and Shivanna, 1985;

Loveys and Jusaitis, 1994; Woodall, 2004; Cromer and Woodali, 2007). Clarke and Doran (2012)

speculated that the seeds of this species might have an exogenous kind of dormancy. Das and Tah

(2013) stated that the enforced dormancy of .sandal seed is likely due to the presence of chemical

inhibitors in the seed coat which are impervious to water and gases. However, Prasetyaningtyas

(2007) reported that the fruit pulp apparently contains inhibitors but the extracted clean seed has

no known dormancy. Dileepa et ai 2015 had confirmed the morphophysiological dormancy in

sandalwood and suggest that the level is non-deep simple.

Among the different pretreatments like soaking in cowdung solution, acid scarification, hot

water soaking and soaking in gibberellic acid that have been practiced in sandal, soaking in

gibberellic acid 0.05% is the best pretreatment for sandal seeds. A pretreatment of 0.05%

gibberellic acid has resulted in 35 to 45% germination in sandal seeds (Sudhir et al., 2013). The

reason for the superiority of GAs treatment might be due to several GA signaling factors that are

known to induce the expression of genes encoding enzymes that mobilize food reserves, including

starches, proteins and lipids, stored in the endosperm during seed germination (Peng and Harberd,

2002). Nagaveni et al. (1989) tried different pre-treatment like soaking in water (control), 1%

ZnCh, 0.5% NaOH, 100 ppm IBA, 5% cytozyme, 0.5% thiourea, 100 ppm lAA, 0.5% HCl or a

methanolic extract of fresh sandal leaves for 4 h, soaking in 1% H2O2 for 2 h; and soaking in 10

ppm kinetin for 3 h. They reported that all treatments increased speed of germination over that of

the control, reducing the time for first germinanls to appear from 60 to 15-45 days. Srimathi and

Rao (1969) reported early and quick germination in 15 days by breaking the false seed coat.



indicating the presence of inhibitory chemicals in the seed coat. Ananthapadmanabha et a!. (1988)

reported that treating with dilute NaOH or dilute HCl or GA3 can remove the dormancy chemicals

from the seed. Pretreatment of seeds with GA3 500 mg I*' for 16 h resulted in 60% germination

under field conditions (Nagaveni et al., 1989). Sutheesh et cil. (2016) proved that treatment with

GA3 is the best pretreatment in sandal, however, the organic pretreatments like soaking in cow

dung slurry and cow urine also produced good gennination. The sulphuric acid and boiling water

treatments reduced the germination of the seeds below the control. Sudheesh et al. (2016) stated

that poor rate of germination associated with long germination period of 140 - 150 days is the

major constraint in the regeneration of sandal.

2.2 Problems in Regeneration of Santalum album

Natural regeneration of sandal occurs by means of seeds. Seeds are usually dispersed by birds and

normally lake 4 to 8 weeks to germinate (Venkatesan, 1995). Seeds have a post drop dormancy

period up to t^^•o months due to their impenneable outer covering and retain their viability for 6 to

12 months. Germination is hastened by soaking seeds in 0.05 per cent gibberellic acid. Soaked

seeds are sown in germination trays filled with vermiculite or with sieved sand and soil in 1:2 ratio.

The germination media in trays must be treated with nematicide and fungicide, periodically as a

prophylactic measure.

Artificial regeneration in sandal was achieved by dibbling seeds in pits, sowing on mounds and

trenching around mother trees for wounding the roots for inducing root sucker production. Planting

nursery raised, vegetatively multiplied and tissue culture raised seedlings are also carried out (Rai

and Kulkami, 1986). Vegetative propagation is achieved through stem cuttings, grafting, air

layering or through root suckers; but rooting of stem cuttings has been achieved only in 15- 20 per

cent of cuttings (Rao and Srimathi, 1976; Uniyal et a\., 1985; Balasundaran, 1998; Sanjaya et al.^

1998). Micropropagation through axillary shoot proliferation, somatic embryogenesis and

adventitious shoot induction has also been reported (Bapat et al, 1990; Bapat and Rao, 1999;

Gairola et at., 2007). A growing sandal tree under natural conditions can put up an increment of 1

kg of heartwood year"' and a girth of one cm year' (Venkatesan, 1980; Rai, 1990).

There is drastic decline in the natural sandal population due to factors like recurring annual fires

in the natural habitats, excessive grazing, illicit felling and spreading of spike disease etc. which

are further accelerated by the man made activities (Venkatesh and Srimathi, 1981). The decreasing

6
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rate of population can also be attributed to the poor gennination rate of seeds, over-exploitation

and failure of natural as well as artificial regeneration (Jeeva et ai, 1998). The freshly collected

seeds of saiidal exhibit after-ripening for a period of 60 days after which the seeds attain

physiological maturity (Sreenivasan et «/., 1992). The sandal at nursery stage is susceptible to

diseases and pests. Tlie major pathogens infecting the seedlings causing severe economic loss in

nurseries were Rhizoctonia^ Phyfophihora, Pythium and Fusarium oxysporum (Rathore, 2007).

The poor regeneration in sandal can also be attributed to the low seed setting and lack of seedling

vigour. Exploitation of the good quality trees at a faster rate furthered by illicit felling has led to a

great decline in population which furthered the fragmentation of the population leaving behind

inferior trees (Balasundaram, 2010). The cumulative seedling mortality rate of sandal in

Nachivayal reserve forest in Marayoor was reported to be 94.5% at 2 years affer the emergence of

the seedlings sown in mounds (Balasundaram, 2010).

2.3 Seed Priming

Seed priming is one of the key technologies to achieve seed enhancement through rapid

germination of seeds and optimizing the seedling establishment in the field. It is a controlled seed

hydration treatment in which the metabolic activity is enhanced, but suspended before radicle

protrusion. It inducts a particular physiological state in plants by the treatment of natural and/or

synthetic compounds to the seeds prior to germination. During priming, the seeds are soaked in

water (hydropriming) or PEG (osmopriming) or salt (CaCb, CaS04 or NaCI etc.) or any other

chemical prior to germination. The efficiency of priming is dependent on many factors and is

strongly depends on the plant species and the method of priming. Physical and chemical factors

such as osmotic and water potential, priming agent, duration, temperature, presence or absence of

light, aeration, and seed condition also influence priming success and determine germination rate

and time, seedling vigor, and further plant development (Hussain et al. 2006, Varier et ai 2010).

Priming may augment the events happening at the beginning of the germination, but the whole

process is interrupted at a given state, which is the same for all concerned seeds. It also induces

structural and ultrastructural modifications that could facilitate subsequent water uptake and

attenuate initial differences between the seeds in terms of imbibition, which results in a more

uniform germination. On withdrawal of priming conditions, seed germination is usually faster and

more uniform. The beneficial effects of seed pruning include faster emergence, better



establishment, lower incidence of re-sowing, more vigorous plants, better drought tolerance,

earlier flowering, earlier harvest and higher yield. Several chemicals were employed to bring about

priming in various crops. In addition, plants can acquire resistance to abiotic stress after treatment

with several natural or synthetic compounds such as Butenolide, Selenium, CuS04, ZnS04,

KH2PO4, ethanol, Pulrescine. Paclobutrazol, Choline, and Chitosan (Demir, et al,. 2012).

The increased germination rate and uniformity achieved through priming can be

attributed to metabolic repair during imbibition (Burgass and Powell, 1984) or may be due to

the buildup of germination-enhancing metabolites (Basra et oL, 2005). Nonetheless, the actual

cellular events happening during seed priming greatly remains uncertain, earlier studies in

priming related the reduction in leakage of metabolites (Styer and Cantliffe, 1983), increase in;

RNA and protein synthesis (Fu et ai, 1988), the expression of p-tubulin (De Castro et ai, 1995)

and nuclear DNA synthesis in the radicle cells of seeds (Saracco et ai, 1995; Liu et al., 1997),

faster embryo growth (Dahal <3/., 1990), nuclear replication (Lanieri etal., 1993; 1996), and

minimal chromosomal damage (Sivritepe and Dourado,1995) as promoting effectors of seed

priming.

The increase in germination by priming may be associated with a change in plant hormone

biosynthesis and signaling. Priming has increased gibberelllns (GA)/ abscisic acid (ABA) ratio

(El-Araby et al. 2006), and this may lead to direct etTect on a priming impact in gene expression

pattern (Schwember and Bradford, 2010). A more uniform endogenous GA concentration may

help to synchronize endosperm weakening, embryo cell elongation, and reserve mobilization

(Sung et al. 2008). Ethylene also straightly influences speed of and percentage of gennination.

Priming has been reported to initiate repair and reactivation of pre-existing mitochondria and to

initiate the biogenesis of new ones (Sun et al., 2011). It may thus afford a higher level of energy

over a short time to sustain final germination (Nascimento, 2013).

Seed priming, commonly used to synchronize individual seed germination (Taylor and

Haiman, 1990) is reported to foster a distinct physiological state in plants through treatment of

seeds before germination by natural and synlhelic compounds. In addition, the plants neutralize

the adverse effects of abiotic stress by seed priming (Ashraf and Foolad, 2005; Patade et al,

2009).



The seed genninalion benefits from the seed priming mainly due to activation of

enzymes associated with endospenn utilization (Habib et al., 2010), mobilization of storage

proteins and changes in hormonal balance (Iqbal and Ashraf, 2013). Moreover, seed priming is

identified to synthesize proteins that play crucial role during germination in several plant

species (Gallardo et al., 2001). Furthermore, the rapid and uniform germination through seed

priming can also be attributed to stimulation of antioxidant activities {Chiu et al., 2002; Afzal

etal., 2012).

Re-drying of the seeds, following seed priming treatment, to their original moisture

content is an inevitable step which will othenvise do hann to the primed seeds (Thomas et al.,

2000) thereby affecting the seed quality (Parera and Cantliffe, 1992). Inappropriate re-drying

of the seeds may cause reduction in the lag time of imbibition affecting seed germination

(Heydecker and Coolbear, 1977; Brocklehurst and Dearman, 1983). Re-drying must be attained

slowly to maintain the advantages obtained during priming.

2.3.1 Hydropriming

The seed priming technique in which seeds are soaked in water to initiate the pre-

germinaiion activities suspending radicle emergence is called as hydropriming. According to

Kaya etal (2006), the duration of hydropriming is determined by controlling the seed imbibition

and the hydrated seeds are dried after a particular period of hydration under shade conditions

(Mc Donald, 2000). After soaking, seeds are re-dried to their original weight with forced air

under shade (Bennett and Waters, 1987). It is necessary to dry the seeds after soaking as storing

of improperly dried seeds will do more hann than good (Thomas etal. 2000). Hydropriming is

the simplest among the seed priming, techniques which depends on seed soaking in pure water

and re-drying to original moisture content prior to sowing. As no additional chemical substances

are used as a priming agent, this method is a low-cost and environmentally friendly technique.

The protoplasm of seeds subjected hydropriming have a lower viscosity and exhibit

higher permeability to water and nutrients and also hold water against dehydrating forces

(Thomas et al., 2000). The advantage of hydropriming is the enhancement of physiological and

biochemical events taking place in seeds even when the germination is suspended by low

osmotic potential and negligible matric potential of the imbibing medium (Basra et al., 2003).



Increase in the seedling growth correlated with higher water uptake by primed seeds is the

predominant feature in the case of hydropriming (Yagmur and Kaydan 2008).

Fujikura et al. (1993) reported hydropriming as a simple and inexpensive method of

seed priming and according to Abebe and Modi (2009), it is a very important seed treatment

technique for rapid gennination and uniform seedling establishment in various grain crops. A

study in barley by Jaudi and Sharifzadeh (2006) identified that hydropriming can improve rate

of germination, length of coleoptile and root, dry mass accumulation and seedling vigor index.

Abebe and Modi (2009) suggested hydropriming as a successful seed treatment technique for

rapid gennination and uniform seedling establishment in various grain crops. It was found to

be the most successful method for improving seed germination in onion (Caseiro et al, 2004).

Filho and Kikuti (2008) suggested that although priming can increase rate of germination and

speed of seedling emergence it had no effect on the yield of cauliflower.

Hydropriming in chickpea has resulted in three to four fold increases in root and shoot

height in comparison with seedlings obtained from non-primed seeds in drought condition

(Kaur et al, 2002) which may be attributed to the faster emergence of roots and shoots and the

enhanced root and shoot height which results in vigorous plants, better drought tolerance under

adverse conditions (Amzallag et al, 1990; Cayuela et al, 1996; Lee-suskoon et al, 1998). In

wheat, hydropriming brought about significant improvement in germination and early gro\vth.

In wheat, hydropriming was found to be effective in improving the seeding vigour (Jafar et al,

2012). Sung and Chiu (1995) proposed that emergence force and seedling growth were

improved by hydropriming of watermelon seeds.

Daniel et al. (1984) hydroprimed lettuce seed in water at 15°C in the dark for different durations

and revealed that priming for 20 h in distilled water enhanced the germination up to 86 per cent in

lettuce seeds. Moradi and Younesi (2009) reported that both hydropriming and osmopriming

improved the percentage and mean emergence time of sorghum seeds at sub-optimal temperature

of 15^C. Seed treatment for 12 and 24 h had a positive statistically significant effect on percentage

and speed of emergence. Nevertheless priming for 36 h failed to improve emergence percentage

and mean emergence time.

Amooaghaie (2011) reported that seedlings from hydroprimed seeds performed higher

growth with respect to root and shoot height compared to seedlings from non - primed seeds.
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Li et ai (2011) concluded from his ]aboralor>' experiment on effect of hydropriming on the

seeds ofpyrethrum that hydropriming has significantly reduced the mean germination time and

increased the germination percentage. According to Srivastava et ai (2010), hydropriming was

the most suitable priming technique in mustard. Shah et ai (2012) also suggested that

hydropriming as an effective seed priming method for enhancing the seedling vigour and

nutrient uptake in green gram. According to Umair et ai (2012), hydropriming significantly

increased the seed yield of green gram and also enhanced the antioxidant enzyme activities.

2.3.2 Biopriming

Seed biopriming is one of the most suitable methods for the application and subsequent

establishment of bacterial antagonists in the spemiospheres and rhizospheres (El Zain, 2006),

Biopriming has potential advantages over seed coating (Muller and Berg, 2008) due to the fact that

biopriming helps in establishing tlie bacteria in the seed which attributes to the better stability and

shelf life of the seeds. Biopriming wiili Pseudomonas fluorescens in tomato seeds reported to

e.xhibit higher germination, field emergence and reduction in Fusarium wilt in tomato seedlings

(Asha et aL, 2011).

Biopriming involves treating the seeds with a biocontrol agent such as Pseudomonas

aiireofaciens Kluyver AB254 and hydraiing for 20 h under warm conditions (23''C) in moist

vermiculite or on moist germination blotters in a self - sealing plastic bag and the seeds were

removed from the above condition before radicle emergence (Callan et ai, 1990). Biopriming

with PGPR improves seed germination percentage of Cicera rietinum L plants under saline

conditions and also increased the shoot height, root length and dry matter (Mishra et o/., 2010).

In wheat, seed biopriming with different salinity tolerant isolates of Trichoderma were

successful in improving germination percentage and reducing the reduction in percentage of

germination during salinity stress (Rawat et ai, 2011). Biopriming of sunflower seeds with

Pseudomonas fluorescens UTPf76 and UTPf86 improved the ability of seeds to invigorate and

seedlings to grow uniformly (Moeinzadeh et ai, 2010).

Karthika and Vanangamudi (2013) reported that biopriming with Azospirillum 20% for

12 h in hybrid maize showed significant increase in germination, root length, shoot height, total

dry matter production and vigour index when compared to priming by other biocontrol agents

and non - primed seeds. A study in pea seed by Negi et al. (2008) reported that priming by
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Pseudomonas Jluorescens reported to show marked increase in shoot and root dry weight and

were effective in enhancing plant growth activities and yield performances in the field.

Biopriming with Azospirillum brasUense and Pseudomonas striata (20%) greatly increased

seed germination, root and shoot heiglit, dry matter accumulation, vigour index and lower

disease occurrence in hybrid seed maize than hydropriming and control.

Biopriming using co-flocs, which consists A. brasilense MTCCI25 and P. fluorescens

MTCC-4828 reported striking increase in the germination (85.5%) and vigour index (1970.1) in

rice (Joe and Sivakumar, 2011). Nayaka et al. (2009) revealed from a study in maize that

biopriming with pure culture and the formulations of P. fluorescens increased the seed

germination, seedling vigour, plant height and yield as well as a dwindling rate of incidence of F.

verticilloides greater extend when compared to non - primed seeds. Raj et. al. (2003) concluded

that biopriming with P. Jluorescens isolate in pearl millets increased the growth of seedlings and

induced the resistance against downy mildew. The time required for flowering was also advanced

by 5 days with 22% increase in grain yield and 20 to 75% resistant to downy mildew.

Kalaivani (2010) revealed that biopriming with 20% Azospirillum for 12 h maize seeds imparted

greater germination (95%) over non-primed seed (70%) and hydroprimed seeds (85%). The study

also indicated that biopriming the seeds with phosphobacteria at 20% concentration for 12h could

also impart a higher germination of 95 per cent. Zorita and Canigia (2009) bioprimed the wheat

seeds with liquid formulation ofA. brasilense and proclaimed that the crop showed higher vigorous

vegetative growth with greater shoot and root dry matter accumulation. Priming also increased the

number of harvested grains and grain yield.

Biopriming of pearl millet seeds with Pseudomonas Jluorescens triggered the plant growth

inducing resistance against downy mildew disease caused by the fungus Sclerospora graminicola

(Raj et al., 2003). El-Mougy and Abdel-Kader (2008) reported that biopriming with any one of the

strains of T. viride, T. harzianum, B. subtilis and P. Jluorescens revealed a remarkable reduction

in disease incidence than non - primed seeds. Tlie reduction in disease incidence was greatly

observed in pre - emergence stage that the post - emergence stage.

A study in safflower to understand the effect of biopriming with Pseudomonas strain in

combination with nitrogen application at 180 kg ha*' reported that maximum grain yield (1940.4

kg ha*') was obtained when compared to the treatment combinations and control (Sharifi, 2012).
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Study by Mariselvam (2012) revealed that when bhendi seeds were bioprimed with P. fluorescens

at 60% for 12 h + foliar spray of P. fluorescens at 2g lir' of water on 30''* and 45'^ DAS, plant

growth and development was maximum and induced a steady increase in chlorophyll content (17-

20%), seed yield (49%) and quality of post primed seed.

2.3.3 Osmopriming

Osmoconditioning or osmopriming is a seed priming technique in which seeds are soaked

in osmotic solutions. Jt is the soaking of seeds in aerated, low-water-potential solutions.

Osmopriming exposes seeds to a low external water potential to restrict the rate and extent of

imbibition. The process of osmopriming is analogous to a prolonged early imbibition of seeds

that sets in motion a gradual progression of various pre-germinative metabolic activities. Thus,

it is helpflil to use osmopriming as a model to study the transition of seeds from a dry and

physiologically quiescent to a hydrated and physiologically active state (Chen and Arora, 2011).

Usually water potential of priming agent varies from -1.0 down to -2.0 MPa.

Osmopriming is a long established seed priming technique to improve seed quality (Bray

et ai, 1995), seed viability and vigour (Senaratna and McKersie, 1983; Bruggink et ai, 1991;

Bailly et al. 1998; Guyang et ai, 2002: Wenfan et ai. 2010). Polyethylene glyco! (PEG) is

more commonly used as water potential lowering agent due to its nontoxic nature and large

molecular size, which lowers water potential without penetrating into the seeds during soaking

(Thomas et al, 2000). Osmopriming using PEG 6000 is reported to reduce the leakage of solute

during germination (Kmetz-Gonzalez and Struve, 2000; Chen and Sung, 2001; Ashraf and

Foolad, 2005). The reduced rate of hydration during germination by PEG priming is reported

to allow sufficient time for metabolic repair (Toole etai, 1957; Villiers and Edgecumbe, 1975).

An increase in the concentration of PEG is in proportionate with a decrease in electrical

conductivity of the genninating seed. This trend which occurs due to reduction of water uptake

was observed in radish and eggplant (Rudrapal and Nakamura, 1988), com (Sung and Chang,

1993) soybean (Senaratna and Mc Kersie, 1983) and Onion (Choudhury and Basu, 1988).

Dearman et al. (1986) reported that on osmopriming with PEG (342 g kg'' water and dried

back to 9% moisture content) in onion, the seeds exhibited better storability over a period of 18

months at 10° C with no reduction in the viability and gennination rate. A similar study by
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Dearman et al. (1987) concluded that fresh seeds of carrot and leek primed in PEG (273 and 342

g/kg of water, respectively), showed storability of the seeds at 10^ C for 12 months with little or

no loss viability under all priming durations in leek (10, 14 and 17 days) and for the 10'^ and \4^

days priming duration in carrot. On the contrary considerable loss in viability of carrot seeds were

observed in the priming duration of 17 days after 12 months storage.

Osmopriming with PEG for 48 houj's was reported to be an effective technology to

enhance germination and seedling vigour in peanut seeds (Fu et aL, 1988). Karansingh and

Kakralya, (2000) concluded that osmopriming in green gram with PEG for 48 hours resulted in

increased seed germination, vigour, storability and field performance. Bino et a!., (1992)

suggested that a priming period of 14 days in PEG 6000 solution has significantly increased the

rate of uniform germination in tomato seeds. Nagarajan (2003), from his study on Asiatic carrot

concluded that when osmoprimed with PEG 6000 (-0.5 Mpa and -1.0 Mpa) for 3 days had shown

an increase in germination by 38%, vigour index by 47% and dry matter accumulation by 36%

in one month old seedlings. Osmopriming with PEG 6000 (-1.0 Mpa) for 7 days increased the

seedling dry weight from 10.68 to 11.77 mg in sunftower (Kaur, 1992), 267 to 429 mg in

capsicum, 256 to 400 mg in tomato and 200 to 331 mg in onion (Jagdish, 1993). Gayathri (2001)

studied that there was a noted increase in tlie seedling vigour index of tomato seeds from 1280 to

1540 when primed with PEG 6000 (-1.0 Mpa) for 3 days. Pailavi (2004) has indicated an increase

in seedling vigour index of cauliflower seedlings on the basis on seedling dry weight when primed

with PEG 6000 (-1.0 Mpa) for 3 days.

2.3.4 Chemical Priming

Various chemicals were employed in the seed priming technique from time to time. The

common priming agents in seed priming include KNO3, K.C1, K3PO4, KJ-I:P04, MgS04, CaCh,

mannitol, etc. (Farooq et al., 2005). Seed priming with KNO3 increased germination percentage

germination index, root length, shoot height and seedling fresh weight of tomato plants (Nawaz et

al., 2011). In rice, seed priming with KCl and CaCl:, reduced the emergence time and increased

the energy and index of seedling emergence. Seedlings from primed seeds had greater length,

number of roots and enhanced fresh and dry biomass compared to control. Seed priming had

altered the pattern of nitrogen and calcium homeostasis both seeds and seedlings, which in turn

enhanced the a-amylase activity and reducing sugars content (Farooq et ai, 2006). Seed priming
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with copper sulphate and zinc sulphate appreciably increased the final caryopses gcmiination and

increased seed emergence by 43% and 29%, respectively in maize (Foti et al, 2008).

Seed priming with K.H2PO4 had revealed to have good potential to enhance germination,

emergence and plant growth of wheat (Das and Choudhury, 1996; Ghana and Schillinger, 2003;

Korkmaz and Pill, 2003). In Trificale, seed priming with ICH:P04 increased germination

percentage and seedling growth (Yagmur and Kaydan, 2008).

The studies on the oil seed Sesame {Scsamum indicum L.) had indicated that soaking

seeds with MnS04 0.5% for 12 h and followed by humid invigoration of 9 h was effective in

increasing germination (22.7%), radical protrusion (54%), shoot height (36.4%), root length

(78%), dry matter production (63.5%) and vigour index (92%) over the control (Vijayalakshmi

and Sundaralingam, 2018).

2.4 Effect of seed priming on the biochemical parameters of seed

Priming is associated with the change in physiological and biochemical parameters of the

seeds. Mir (2013) reported a steady increase in the total sugar, shoot and root length and seedling

dry weight when hybrid maize seeds were subjected to hydropriming. Whereas, Sharanappa (2013)

reported that PEG priming (-1.0 Mpa) increased the total sugar and total protein in the seed by

2.71% and 2.58%, respectively. There was a decrease in the seed leachate conductivity. Tlie studies

on PEG priming (-1.0 Mpa and -1.5 Mpa) in two varieties of wheat (Sowmya, 2007) indicated an

increase in the total sugar, total protein and lipid content with priming. The growth attributes of

the resultant seedlings exhibited a positive correlation with the total sugar and total protein content

of the seeds. Biopriming of garden pea seeds using Trichoderma viride and Pseudomoms

fltiorescem had resulted in an increase in the germination percentage, plant height, plant dry

weight as well as an increase in the chlorophyll content (62.1%), total sugar (31.7%) and total

protein (17.2%) (Manjubala, 2015). The study also revealed that biopriming with Trichoderma

viride and Pseudomonasfluorescens at 40% for 4 h resulted in 42 per cent reduction in seed rotting

and enhanced ihe seed quality and seedling performances in the field.

The storability studies on maize seeds by biopriming with P. fluorescens reported that

biopriming with P. Jiuorescens 80% for 12 h resulted in an increase in germination (11%), root

(65%) and shoot (88%) length, dry weight accumulation (38%) and vigour index (83%) over non-
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primed seeds after a storage period of six months (Kalaivani, 2010). Kavilha (2011) concluded

that at sixth month of storage, rice seeds bioprimed with P. fJuorescens 60% for 12 h brought about

significant increment in germination (11%), root and shoot height (14%), dry weight accumulation

(19%) and vigour index (12%) over non-primed seed. Mariselvam (2012) proclaimed that

biopriming in bhendi seeds with P.Jluorescens @ 60% for 12 h resulted in an 18 per cent increment

in germination in cloth bag whereas the rate of germination declined to a 15 per cent increment in

case of polyethene bag over non-primed seed when subjected to 10 months storage period under

ambient conditions. In spite of the increased germination percentage, the amount of total free

amino acids and reducing sugars recorded a lower value over the non-primed seeds.

2.5 Application of seed priming in forest tree species

Pemsal of literature indicated that only limited studies are available on seed priming of

forest tree species and most of the studies are confined to various pines (Haridi, 1985; Hallgren

et.al.y 1989; Bourgeois et al.^ 1991; Su-juan et ai, 2012) and those included mainly the priming

techniques like hydropriming and osmopriming. Adebisi et ai, (2011) tried hydropriming in the

seeds of Cordia miUenni and which was successful in increasing the germination percentage and

seedling vigour.

Osmopriming with 20% PEG increased the germination percentage, mean germination

time, seedling vigor index and seedling height in Gnielina arhorea (Adebisi et al., 2013).

Venudevan and Srimathi (2013) studied the positive influence of hydropriming in Aegle marmelos

and concluded that highest gennination and seedling growth attributes were achieved by hydro

priming of seeds for 6 hours. Osmopriming in Azadirachta indica seeds had induced hydrogen

peroxide during germination that could be the signaling molecule for germination improvement

(Pandey and Pali, 2016). Chemical priming was found to reduce the mean germination time and

improve germination index, seedling diameter, seedling length and dry weight in Aegle marmelos

(Singh, 2017).

Rodriguez et ai, (2015) studied the effect of both hydropriming and biopriming on seed

germination and seedling vigor of two Mexican fir tree species, Abies hickelii and Abies religiosa.

They suggested biopriming in combination with hydropriming has become a viable treatment for

increasing seed germination rate and seedling vigor. Results of the study indicated that treating
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hickelii and A. religiosa with both hydropriming and biopriming with certain strains of Plant

Gro\^lh-Promoting Rhizobacteria (PGPR) could improve germination rates up to 91% for A.

hickelii and up to 68% for/4, religiosa. Moreover, priming methods did not show negative impact

on the growth of A. religiosa and actually improved growth in A. hickelii.

In Casuarina equisetifolia germination increased from 46% in tlie control to 65% after

soaking in 1.5% KN03 for 36 hours. Both higher and lower concentration, and shorter duration

of soaking showed a lower germination in that experiment (Maideen et al., 1990).

In the study on Ziziphus mauritiana, KN03 was less effective than GA3, thiourea and BA

in all germination parameters except root length (Murthy and Reddy, 1989). Among several

compounds studied, thiourea proved the most effective germination stimulant for Ziziphus

mauritiana. A 24 h soaking in a 1% solution enhanced total germination percentage from 41%

(control) to 78% at 30°C, which was considered the optimal germination temperature. In

addition it alleviated the deleterious effects of sub-optimal temperatures, both in terms of total

germination and vigour.

Osmopriming was effective in imparting higher gemiination percentage and speed of

germination, higher seedling growth and uniformity and lower electrical conductivity of seeds.

Osmotic priming with aerated solutions of polyethylene glycol improved both final germination

and rapidity of germination in loblolly and short-leaf pines (Hallgren, 1989). Hydropriming and

chemical priming showed to improve the highest physiological potential and increased

germination performance in Giiazunia ulmifolia (Tay and Novembere, 2010).
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MATERIALS AND METHODS

The investigations on the impact of seed priming techniques on germination and seedling

performance in sandal {Sanialum alburn^ L.) carried out at the College of Forestry Kerala

Agricultural University, Thrissur from March 2018 to April 2019. The materials used and

methodology followed in the present study are presented in this chapter.

Study area

Geographically, the area is located at 40 meters above mean sea level at 10*^ 32'N latitude

and 76"26'E longitude. The area experiences a warm and humid climate with distinct rainy season.

The soil of the study area is oxisol. The predominant parent material is metamorphic gneiss. The

soils and subsoils are porous and extremely well drained.

3.1 MATERIALS

The seeds o( Santalum album obtained from the Marayoor provenance were selected for

the present study. Marayoor is considered as the best sandal provenance in India. The Kerala Forest

Department is maintaining about 8,500 acres of natural sandalwood in the Nachivayal Reserve

Forest 1 and II of Marayoor sandal division. The Marayoor sandal Division is situated between 77®

5' to 77® 15' East longitude and 10® 10' to 10® 20' North latitude and is situated the Devikulam

Taluk of Idukki District. The area has gneissic metamorphic rocks from the Archaean shield. The

predominant rock type is biotitic gneiss and it is also associated with hornblende biotitic gneiss in

certain areas. The soil is sandy loam in texture. The soil reaction varies from sliglitly alkaline to

strongly acidic depending on the vegetation type. Climate in Marayoor is comparatively drier. It

is cool from December to February and hot during March to May. The Marayoor Sandal Division

area being on the leeward side of the Ghats has low rainfall of about 1000 to 1500 mm.

Precipitation from the South-West monsoon is comparatively low and is only as much as what the

North East monsoon bestows on these regions. The rainy season, though lasts from June to the end

of November, is frequently interrupted by spells of hot weather.

The seeds were obtained from the Vana Samrakshana Samiihi, Marayoor Forest

Department, Kerala during the collection season February to March. The seeds were globose to

spherical with an average weight of 0.1 g having an average diameter of 0.74 cm. The collected

seeds were cleaned and thoroughly mixed to improve the homogeneity.
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3.1.1 Seed characters

The following characters were determined from the seeds seed samples. This was

replicated ten times. The weight of thousand seeds were determined using an electronic balance

and expressed in grams. From the samples, 50 seeds were randomly selected to determine the

individual seed weight, and diameter. The seed colour was determined visually.

3.2 METHODS

Four priming methods viz., hydropriming, biopriming, chemical priming and osmo

priming were adopted in the present study. Biopriming agent selected for the study was

Pseudomonas fluorescens, the osmopriming agent was PEG 6000 and that of chemical priming

was MnS04. Although ICNOs was the chemical priming agent selected initially, as the preliminary

trials did not give the results it was avoided from the study. The steps after obtaining seeds to

subjecting them to different priming techniques are given in the following sections.

3.2.1 Seed Sampling

The sandal seeds received from Marayoor provenance (seeds procured from selected

superior trees in Nachivayal Reserve Forest) were thoroughly mixed to improve the homogeneity

of the samples. The entire seed lot was spread on the floor and mixed by scooping the seeds from

side to side and from top to bottom. After thorough mixing, the seeds were evenly spread out on a

smooth surface and the whole lot was divided into four equal parts. Scooping was continued on all

four parts also. The process was repeated four times. In order to conduct the various priming

experiments seeds were randomly selected from the seed lot.

3.2.2 Surface Sterilization of the Seeds

The seeds were surface sterilized using 1% Mercuric chloride. The seeds were immersed

in Mercuric chloride solution for 3 minutes and were tlioroughly washed using distilled water to

remove the traces of the solution.

3.2.3 Seed Priming Methods

llie sandal seeds were subjected to four seed priming methods viz., hydropriming,

biopriming, chemical priming and osmopriming. The untreated seeds were kept as control.
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3.2.3.1 Hydropriming

In order to hydroprime, the seeds were soaked in double distilled water for the duration 3,

6, 9 and 12 days. To start the hydropriming, 400 seeds weighing 39.3 g to 42.2 g were taken and

the volume of the sample was estimated using a measuring cylinder. The seeds were tlien

transferred to a glass bottle and were soaked in distilled water in the ratio of 1: 2.

3.2.3.2 Biopriming

The priming agent for biopriming selected in the present study was Pseudomonas

fluorescens. The biopriming agent P.fluorescem was obtained from Department of Microbiology,

College of Horticulture, Kerala Agricultural University. Suspension culture of Pseudomonas

Jhtorescens at 10^ c.f.u. ml'^ were obtained. For the study 20 g of the suspension culture of P.

fluorescens @ 10^ c.f.u. ml'^ is said to produce 100% concentration for 50 sandal seeds. Hence,

the ratio of suspension culture to the number of seeds to be primed were taken in the ration 2:5.

The biopriming of seeds were carried out at four different concentrations of the suspension culture

viz., 25, 50, 75 and 100% for 2, 4, 6 and 8 days. During the treatment distilled water was added

to make up the volume of priming solution sufficient to suspend the seeds within it. The glass

bottle with seeds and suspension culture was covered with aluminum foil. The seeds were stirred

at regular interval to prevent the suspension culture from hardening.

3.2.3.3 Osmopriming

Osmopriming was achieved using Polyethylene Glycol 6000 (PEG 6000) (Nice). Osmotic

solutions of PEG 6000 were made at 5%, 10%, 15% and 20% concentrations in distilled water and

a volume double the volume of seeds were added. Priming was completed at different durations

viz., 3, 6, 9 and 12 days for each level of concentration. The lid of llie glass bottles were then

covered with aluminium foil.

3.2.3.4 Chemical Priming

Chemical priming was initially carried out using KNO3. at different levels viz., 0.5 M, 1 M,

2 M, and 3 M at 3, 6, 9 and 12 days. The absence of germination in KNO3 primed sandal seeds

forced to change the priming chemical as MnS04, The seeds were primed at 0.4 M, 0.6 M, 0.8 M

and 1 M concentrations of MnS04 for 3, 6, 9 and 12 days. MnSO^ (Nice) solutions of different
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molarity were made in distilled water to a volume double the volume of seeds. The MnS04 salt

was thoroughly dissolved in water to obtain a homogenous solution and seeds were soaked in it.

The glass bottles with seeds and priming solution was covered with an aluminum foil.

The Table 1 shows the various priming treatments adopted for the present study. The Plate 1

narrates the different stages during seed priming.

Table 1. Seed priming treatments adopted in the study

Method Treatment

code

Treatment substrate Duration

in (days)
Concentration

T1 Distilled water 3 -

Hydropriming
T2 Distilled water 6 -

T3 Distilled water 9 -

T4 Distilled water 12 -

T5 Pseudomonas fluorescence 2 25%

T6 P. fluorescence 2 50%

T7 P. fluorescence 2 75%

T8 P. fluorescence 2 100%

T9 P. fluorescence 4 25%

TIO P. fluorescence 4 50%

Til P. fluorescence 4 75%

Biopriming
T12 P. fluorescence 4 100%

T13 P. fluorescence 6 25%

T14 P. fluorescence 6 50%

T15 P. fluorescence 6 75%

T16 P. fluorescence 6 100%

T17 P. fluorescence 8 25%

T18 P. fluorescence 8 50%

T19 P. fluorescence 8 75%

T20 P. fluorescence 8 100%

T21 Poly Ethylene Glycol (PEG 6000) 3 5%

T22 Poly Ethylene Glycol (PEG 6000) 3 10%

T23 Poly Ethylene Glycol (PEG 6000) 3 15%

T24 Poly Ethylene Glycol (PEG 6000) 3 20%

T25 Poly Ethylene Glycol (PEG 6000) 6 5%

T26 Poly Ethylene Glycol (PEG 6000) 6 10%

Osmopriming T27 Poly Ethylene Glycol (PEG 6000) 6 15%

T28 Poly Ethylene Glycol (PEG 6000) 6 20%

T29 Poly Ethylene Glycol (PEG 6000) 9 5%

T30 Poly Ethylene Glycol (PEG 6000) 9 10%

T3I Poly Ethylene Glycol (PEG 6000) 9 15%

T32 Poly Ethylene Glycol (PEG 6000) 9 20%

T33 Poly Ethylene Glycol (PEG 6000) 12 5%
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T34 Poly Ethylene Glycol (PEG 6000) 12 10%

T35 Poly Ethylene Glycol (PEG 6000) 12 15%

T36 Poly Ethylene Glycol (PEG 6000) 12 20%

T37 MnS04 3 0.4 M

T38 MnS04 3 0.6 M

T39 MnS04 3 0.8 M

T40 MnS04 3 TOM

T41 MnS04 6 0.4 M

T42 MnS04 6 0.6 M

T43 MnS04 6 0.8 M

Chemical T44 MnS04 6 TOM

Priming T45 MnS04 9 0.4 M

T46 MnS04 9 0.6 M

T47 MnS04 9 0.8 M

T48 MnS04 9 TOM

T49 MnS04 12 0.4 M

T50 MnS04 12 0.6 M

T51 MnS04 12 0.8 M

T52 MnS04 12 TOM

Non-primed
(Control)

T53 - - -

3.2.4 Post Priming Process

The primed seeds taken out of the priming agents were thoroughly washed with distilled

water thrice and were placed on a piece of Whatman filter paper, allowing dehydration under shade

at 25° C till the seeds retrieved the original moisture level as that of pre-priming stage.

3.2.5 Seed Storage

The re-dried seeds were transferred to paper bags and stored for Iday and I month in glass

containers with tight lid under ambient conditions.

3.2.6 Seed Pre - Treatment

The primed sandal seeds were pretrealed with 500 ppm GA3 (Merck SRL) for overnight

prior to sowing.

3.2.7 Sowing

Seeds were sown in plastic germination trays filled with sand medium. The treated seeds

were sown at a depth of one cm below at a spacing of 5 cm x 5 cm. Tliey were sown in five rows
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Plate 1. Stages of priming in sandal seeds
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and ten columns. There were 106 treatment combinations and each treatment had three

replications of 50 seeds each. It was watered regularly and uniformly with a rose can until

germination was completed.

3.2.8 Germination Study

The sown seeds were daily observed to record the gennination. The first germination was

recorded 8 days after sowing (Plate 2).

Daily germination counts were recorded for a period of 60 days from the start of

germination by which germination was complete. Number of seedlings emerging on each day was

recorded. From these observations, germination percentage, Peak Value of germination (PV),

mean daily germination (MDG) and Germination Value were calculated. The germination

percentage was calculated using the formula:

Number of seeds germinated
Germination percentage (%) = ——; ; ; x 100

Total number of seeds sown

Speed of germination was calculated using the formula:

n-i n? n-a nm
Speed of Germination = + ••*+!"

"1 "2 "3 dn

Where n is the number of seeds germinated on n^ day and d is the corresponding number of days.

The germination value (GV) was calculated using the following formula suggested by Czabator

(1962):

GV = MDG X PV,

Where, GV = Germination Value,

MDG = Final Mean Daily Germination

PV = Highest value of Mean Daily Germination.

The Mean Daily Germination is calculated as tlie cumulative percent of full seed

germination at the end of germination test, divided by the number of days from sowing to the end

of the test. Peak Value of germination actually denotes the speed of gennination, which is the

maximum mean daily germination, recorded at any time during the period of test.
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Plate 2. Stages of seed germination in sandal
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3.2.9 Seedling growth and biomass production

In order lo (Ind the effect of priming on seedling parameters, 12 unifonn seedlings having

4-6 leaves belonging to each priming treatments were be transplanted to polythene bags containing

the medium soil, sand and cow dung in the ratio 3:1:1 for six months. The growth attributes,

biomass production and physiological observations were made at 90^^ and 180^'^ days after

transplanting (DAT). The various seedling parameters studied are described below (Plate 3).

3.2.9.1 Seedling height

The height of the sample plants were counted from the ground level to the tip of the main

shoot using a meter scale 90'^ and 180''' days after transplanting (DAT) and the mean plant height

was recorded (cm).

3.2.9.2 Collar girth

The collar girth of 4 uniform seedlings from each treatment was mea.sured using a Vernier

caliper at 90"^ and ! 80"' DAT and was expressed as the mean girth in mm.

3.2.9.3 Leaf number and Leaf area

Leaves from each seedling were detached to record the total leaf area. The total leaf area

of three sample seedlings were recorded using systronics Leaf area Meter 21 I and the average leaf

area (cm*) was determined at OO"' and ISO"' DAT; the leaves of the three sample plants were

counted and the mean was determined.

3.2.9.4 Root length and Number of Roots

The length of 4 uniform seedlings from each treatment was measured using a meter scale

and was expressed as mean length (cm) at 90"' and 180''' DAT. The number of roots from the

taproot was individually counted for each seedling and recorded.

3.2.9.5 Fresh weight

The fresh weight of leaf, stem and root were separately recorded for each seedling using

an electronic balance. The fresh weight of the seedling was calculated by adding the fresh weight

of leaf, stem and root at 90 and 180 DAT. The total fresh weight was expressed in grams.
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Plate 3. Morphometric observations on sandal seedlings
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3.2.9.6 Dry weight

Each biomass component of the seedling separately dried in a brown paper bag in a hot air

oven maintained at 70*^0 for 48 h to estimate the dry weight.

3.3 Physiological Parameters

3.3.1 Chlorophyll content

The chlorophyll content of the seedling was estimated using chlorophyll meter (SPAD -

502, Minolta) from three selected leaves (leaves from the top and middle portion of the seedlings)

in the seedling. The chlorophyll content of the leaf is expressed as mg g*'.

3.4 Growth analysis indices

3.4.1 Vigour Indices

The vigour index I (VI I) and vigour index II (VIII) of the seedlings was calculated using

the formula given by Abul-Baki and Anderson, 1973:

VII = GP X (SL + RL)

CP X TDW
VIII =

100

Where, VI 1= Vigour index 1, VI 1= Vigour index II, GP = Germination percentage, SL =

Shoot height and RL = Root length and TDW= Total dry weight

3.4.2 Root: Shoot Ratio

The root: shoot ratio of the seedlings were worked out at 90^'^ and 180^' DAT using the following

fonnula (Hunt, 1990):

Root dry weight (g)
Root: Shoot Biomass Ratio =

Shoot dry weight (g)

3.4.3 Leaf Area Ratio

According to Radford (1967) Leaf Area Ratio is aji expression of the amount of leaf area

formed per unit of biomass. It is expressed as cm^ g"' of plant dry weight.
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Leaf Area per Plant
Leaf Area Ratio = -r; — . .—

Plant Diy Weight

3.4.4 Leaf Weight Ratio

Leaf weiglit ratio is an expression of the leaf dry weight to the whole plant dry weight. It

was suggested by Kvet et aL, (1971).

Leaf Dry Weight
Leaf Weight Ratio = — — . ,

Plant Dry Weight

3.4.5 Specific Leaf Area

Specitlc leaf area was detennined by dividing total leaf area by leaf dry weight per plant

and the average value was expressed in cin^g'' (Hunt, 1990).

Total leaf area per plant
Specific Leaf Area =

Total leaf dry weight per plant

3.4.6 Specific Leaf Weight

Specific leaf weight was estimated as the ratio of leaf dry weight per plant to the total leaf area per
-M

plant and is expressed as g cm'- (Pearce et al., 1967).

C  T I f,A; ■ U. Leaf dry weight per plantSpecific Leaf Weight = —— ;
Total leaf area per plant

3.4.7 Absolute Growth Rate

Absolute growth rale is tlie height increment attained by a plane within a definite time interval and

is generally denoted as cm day*' (Hunt, 1990).

ha - hj
Absolute growth rate =

t2 — ti

Where, hi is the height of seedling at ti and hi is the height of seedling at ti

3.4.8 Relative Growth Rate

Relative growth rate (RGR) is a measure of increase in dry matter per unit biomass per unit time

(g g'' day*') was calculated from the formula proposed by Williams (1946):
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♦

r. . .u . logeWz - logeWiRelative growth rate =
^2 ~

Where, Wi= dry weight estimate at time ti

W2 = dry weight estimate at time t2

3.4.9 Net Assimilation Rate

Net assimilation rale (NAR) is an index of the productive efficiency of plant calculated in relation

to the total leaf area. NAR was calculated from the equation given by Williams (1946):

W2 — Wj loggLz - logeLi
Net assimilation rate = x

t2 — ti L2 — Li

where, W2 = dry weight at time t2

Wi= dry weight at time ti

L2 = leaf area at time t2

Li= leaf area at time ti and it was expressed in (g cm'") day*'

3.5 Electrical conductivity of seed leachates

The electrical conductivity of the seed leachates was determined from the readings of conductivity

meter and the conductivity was expressed as dS cm*'. In order to measure the electrical

conductivity 50 normal and undamaged seeds were taken for each priming treatment and was

primed in a 100 ml beaker replicated thrice at a constant temperature. Care was taken to immerse

the seeds completely in the priming solution and the beakers were covered with aluminum foil.

When each treatment is completed, the leachate is filtered to a conical flask. 5 ml of the leachate

is then transferred to a 25 ml standard flask and the final volume was made to 25 ml by adding

distilled water. Thereafter, the electrical conductivity of the seed leachates was measured using a

direct reading conductivity meter (CDC 40101).

3.6 Biochemical Analysis

The methodology for determination of biochemical constituents like total carbohydrate, protein

and crude fat content is given in the following sections.
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3.6.1 Total carbohydrate

The total carbohydrate of the control and primed seeds was estimated using the method suggested

by Yemm and Wills (1954) and is expressed in mg g"'.

Reagents:

a. Ethanol 80% (w/v)

b. Anthrone (0.2% in conc. H^SO^)

c. Standard Glucose.

Procedure:

Seed sample weighing 250 mg was homogenized in 10 ml of warm 80% ethanol and was

centrifuged at 3000 rpm for 20 minutes. The supernatant was collected to a test tube and was

evaporated to dryness on a water bath and was cooled to room temperature. Later, 1 ml of distilled

water was pipetted to each sample, shaking thoroughly and followed by the addition of 4 ml of

Anthrone reagent. The mixture v>'as again heated on a boiling water bath for 10 minutes and the

test tubes were cooled under running water. The absorbance was immediately measured at 620 nm

against reagent blank. A standard curve was drawn using graded concentrations of glucose and the

amount of total carbohydrate was calculated using the following formula.

Xmg xVxlOOO
Total carbohydrate =

Amount of aliquot pipetted x W

Where, X= the amount of carbohydrate obtained from the standard curve

V= Volume of the sample taken

W= Weight of the seed sample taken

3.6.2 Total Protein

The total protein was estimated by the Lowry et al method (1951) and is expressed in mg g*'.
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Reagents:

a. Phosphate buffer (0.01 M, pH 7.6): A mixture of 16 ml of 0.2 M monobasic sodium

phosphate and 84 ml of 0.2 M dibasic sodium phosphate was made up to 200 ml using

DDW.

b. Reagent A: 2% Na2C03 in 0.1 N NaOH in DDW.

c. Reagent B: 0.5% CUSO4.5H2O in 1% sodium potassium tartarate in DDW.

d. Reagent C: Reagent A and reagent B mixed in the ratio of 50:1 just before use.

e. Reagent D: Folin- ciocalteau phenol and distilled water mixed to the ratio 1:2 prior to use.

Procedure:

Seed sample weighing 0.5 mg was homogenized using 10 ml of 0.01 M phosphate buffer and was

centrifuged at 3000 rpm for 20 minutes. The supernatant was collected and made up to 25 ml using

double distilled water in a volumetric flask. One ml of this solution is pipetted to a test tube. Also

one ml of distilled water and 5 ml of reagent C was added and kept for 10 minutes undisturbed.

0.5 ml of reagent D is added and vortexed. The intensity of blue colour developed was read at 660

nm after 30 minutes in a spectrophotometer (Plate 4). The total protein content in the sample was

estimated using the following formula.

XmgxVxlOOO
Total Protein =

Amount of aliquot pipetted xW

Where, X= the amount of protein obtained from the standard curve

V= Volume of the sample taken

W= Weight of the seed sample taken

3.6.3 Crude Fat

The crude fat content was estimated by Soxhlet method of extraction (Rennedy, 1949) and is

expressed in %.

Reagent

1. Petroleum ether (60 - 80*^ C)
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Plate 4. Instruments used to conduct biochemical analysis

4a. Centrifuge 4b. Spectrophotometer

1}

4c. Soxhlet Apparatus 4d. SPAD 502 Plus Chlorophyll Meter



Procedure

Twenty gram of primed seed samples of each treatment with 3 replications were weighed and

ground to a homogenous mixture using pestle and mortar. In order to facilitate fast and optimum

extraction of the crude fat, the ground sample was packed between 2 cm thick cotton layers when

transferred to the thimble. The pre dried extraction flask was connected beneath the thimble and

was placed in the mantle. Further, to reduce the extraction time, 150 ml of the solvent was slowly

poured in to the ground sample in thimble from top. until the complete solvent with extract reached

the extraction flask. The thimble was then connected to the condenser. The temperature was

adjusted to 70^ C and the extraction was carried out for 2.5 h by the time which the colour of

solvent became transparent. Once the extraction was completed, the thimble and solvent flask were

detached from the apparatus and the content of the flask was emptied to a dry pre - weighed

beaker. The excess solvent present in the extract was removed by keeping the beaker on a hot

water bath until a constant weight was obtained. The beaker was then cooled and the final weight

was recorded (Plate 4). The amount of crude fat was expressed in percentage. The crude fat in the

given sample was calculated using the following formula:

Plate 5. Crude fat obtained from

the seeds of sandal

W,- Wi
Crude fat (%) = . x 100

Weight of the sample

where, W2 = Final weight of beaker with crude fat
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Wi = Initial weight of the beaker

3.7 Statistical Analysis

The statistical analysis was conducted using the IBM SPSS 25 software. One-way analysis of

variance to understand the variation among treatments within same priming method, the

significance of the study and the correlation between seed quality and seedling performance. Z-

test was conducted to compare the growth of seedlings at 90'^ and 180^ DAT in MS Excel.

Pearson's correlation was also conducted to study the coirelation between biochemical

constituents of the seeds and the seedling growth.

Principal Component Analysis, a dimension reduction technique was conducted for the 12

seedling growth attributes of sandal. The principal component are extracted based on the Eigen

value criteria (Eigen value >1). From the study, two components were extracted. The first

component accounts for the 99 percentage of the variance and the second component accounts for

what is left over. Hierarchical cluster analysis was carried out for the 39 treatments (including

control) based on the Euclidean Distance.
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RESULTS

The results of the study on the "Impact of seed priming techniques on the germination and seedling

performances in sandal {Santalum album, L.)", are presented in this following sections. The

chapter deals with the results of germination and seedling growth of sandal with respect to the

seeds stored for one day. The seeds stored for one month failed to germinate and hence subsequent

seedling growth was absent.

4.t Seed characteristics of sandal

The seed characteristics such as dimensions, colour, individual seed weight and 1000 seed

weight of the Santalum album procured from Marayoor Sandal Division, Kerala, used for the

present investigation were examined. The sandal seeds were with brown hard seed coat and the

average size ranged from of 0.7 to 0.8 cm. The seed diameter varied from 0.5 to 1 cm. The

individual seed weight ranged from 0.15 to 0.27 g where the seed kernel weighed an average of

0.01 to 0.02 g. The 1000 seeds weighed 250 g.

4.2 Effect of various seed priming techniques on germination attributes of sandal

The effect of duration and concentration of various priming agents on the germination

attributes of the sandal seeds compared with non-primed seeds are presented in the following

sections.

4.2.1 Hydropriming

The variation in the germination attributes of the sandal seeds stored for one days after

priming after hydropriming compared to control are presented in Table 2. Perusal of data reveals

that hydropriming could not improve the germination percentage in sandal when compared to

control or non-primed seeds. The highest germination (45.33 %) was obtained when the seeds were

subjected to hydropriming for 3 days and the minimum was obtained in hydropriming 9 days

(10.67%) under one day storage. However, the MDG, Peak Value and Germination value were

higher compared to control indicating a faster and uniform germination.

The speed of germination of seeds hydroprimed for 3 days were approximately same as that of the

non - primed seeds.
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The MDG and P V of the seeds hydroprimed for three days were almost double compared to control

seeds. The differences in germination among the treatments are highly significant (F = 14.931, p

= 0.001). There was a decrease in the germination attributes of the sandal seeds with the increase

^  in the priming duration. The germination percentage of the seeds subjected to priming 3 days and
control were on par as well as the germination percentage of seeds subjected to hydropriming 9

days and 12 days were on par. Hence, the hydropriming of the seeds beyond 6 days is not

beneficial.

4.2.2 Biopriming with Pseudomonas Jluorescens

Biopriming with Pseudomonas Jluorescens influenced the germination parameters of the

sandal seeds (Table 3). The germination percentage seeds subjected to biopriming with different

concentration and duration of biopriming varied significantly (F = 5.08, p = 0.01).

Results indicated that the germination percentage was highest (88%) in seeds subjected to

biopriming with P. Jluorescens at 100% for 8 days. Other biopriming concentration and duration

also enhanced the germination percentage of the sandal seeds. The highest germination observed

in this priming was on par with other treatments like seeds bioprimed at 25%, 50% and 75% for

■V 4 days and 8 days; seeds bioprimed at 50%, 75% and 100% for 6 days and 25% and 50% for 2

days. The least germination rate was obtained from seeds bioprimed at 75% for 2 days, which even

was significantly higher than the germination percentage of non-primed seeds (46.67%). Hence,

the biopriming method have significant influence in the germination parameters.

The highest mean daily germination, PV, germination value and speed of gennination was

observed in seeds subjected to biopriming at 100% for 8 days. Although the mean daily

gennination was minimum in seeds bioprimed at 75% for 2 days, it had no significant differences

with seeds bioprimed at 50% and 75% for 2 days as well as with seeds bioprimed at 25%, 50%,

75% and 100% for 6 days. The peak value of germination was highest in seeds bioprimed at 100%

for 8 days followed by biopriming 50% for 8 days. The germination value and speed of

gennination were highest in seeds subjected to biopriming at 100% for 8 days (18.54 and 12.19,

>f respectively) whereas tliese parameters were the lowest in control (0.73 and 2.79, respectively).

Although comparatively higher germination was observed in the seeds bioprimed at 25% and 75%

(85.33%) for .8 days, the two treatments had a remarkably lower germination value (6.54 and 6.34)

and germination speed (9.48 and 8.78).
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•r

4.2.3 Osmopriming with Polyethylene Glycol 6000

The results of experunent on effect of osmopriming on the germinalion attributes of sandal

seeds are presented in Table 4. Highly significant variation in the germination percentage of the

sandal seeds (F = 125.16, p = 0.01) were observed due to duration and concentration of PEG

soaking. The gennination attributes of the seeds decreased with increasing concentration and

duration of osmopriming.

Although the highest germination percentage was obtained in seeds primed with PEG at 5% (78%),

there was no statistically significant variation in germination attributes till sixth day of soaking.

With regard to Mean Daily Germination, the highest value was recorded for the seeds subjected to

PEG priming at 15% concentration for 3 days and lowest value (0.18) was recorded for those

treated for 12 days at 10 and 20% PEG. The higher germination value and speed of germination

were also observed on osmopriming at 5% concentration for 3 days. The seeds subjected to

different treatments under osmopriming with PEG 6000 for 9 days and 12 days showed

significantly poor germination attributes when compared to control.

4.2.4 Chemical priming with MnS04

Table 5 depicts the effect of chemical priming (MnS04) on germination percentage. Mean Daily

Germination, Peak Value, Germination Value and Speed of Germination in sandal seeds. The

germination parameters of the seeds decreased with increasing concentration and duration of

priming. Tlie germination percentage of the sandal seeds showed highly significant variation due

to treatments (F = 209.82, p=0.01). The highest gennination was obser\ed in the seeds subjected

chemical priming for 3 days at 0.8 M concentration (88%) followed by those soaked at 0.4, 0.6

and 1.0 M concentrations for the same duration. The rest of the treatments could not initiate

germination above the control and hence recorded lower germination attributes compared to

control.

Among the 16 treatments belonging to chemical priming, only seeds exposed to priming with

MnS04 at 0.4 M, 0.6 M, 0.8 M and I M for 3 days were found to have the highest germination

percentage, MDG, PV, GV, and speed of germination. Tlie highest MDG (3.35), PV (3.46) and

PV (11.60) was observed in the seeds soaked in MnS04 0.4 M solution for 3 days. Meanwhile,
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the speed of germination was the highest (9.1) in seeds primed in 0.8 M MnS04 for 3 days. The

control seeds showed better gemiination parameters than seeds soaked for a longer duration above

three days.

4.3 Effect of seed priming techniques on the electrical conductivity of seed leachates

The changes in electrical conductivity of seed leachates primed at different duration and

concentration of priming agents are given in the following section.

4.3.1 Effect of hydropriming on the electrical conductivit)' of seeds leachates

The results of the effect of hydropriming on the electrical conductivity of seed leachates are

presented in Table 6. Tlie results revealed that there was a highly significant variation (F=10.12,

p=0.01) of the electrical conductivity between the hydropriming treatments. The electrical

conductivity was increasing with the increase in priming duration, indicating that hydropriming

for longer durations are not suitable for improving the seed quality of sandal.

Table 6. Effect of hydropriming on the electrical conductivity of sandal seed leachates

Hydropriming
(Days)

Electrical Conductivity
(dScm')

3 1.11 ±0°

6 1.53 ±0'"
9 1.61 ±0''

12 1.96 ±0'

Values within the same column with similar

superscripts are homogenous.

4.3.2. Effect of biopriming on the electrical conductivity of seeds leachates

The results of the effect of duration and concentration of Pseudomonasjluorescens on the electrical

conductivity of sandal seed leachates are presented in Table 7, which indicated that there was a

highly significant variation among the treatments {F=25.24, p^O.Ol). The variation in the electrical

conductivity of bioprimed seeds were found to be independent of biopriming treatments, whereas

the electrical conductivity of the seeds were critically reduced when compared to the hydroprimed

seeds indicating that biopriming is a better method to improve the seed quality of sandal.
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Table 7. Effect of biopriming on the electrical conductivity of sandal seed leachates

Biopriming
Electrical Conductivity
(dScm"')Duration

(Days)

Concentration

{%)
25 0.03 ± 0"

2
50 0.04 ± 0^

75 0.04 ± 0^

100 0.04 ± 0^

25 0-04 ± O''

4
50 0.04 ± 0"

75 0.03 ± 0''

100 0.03 ± 0=*

25 0.06 ± 0''

6
50 0.06 i 0''

75 0.05 ± 0'

100 0.04 ± 0"

25 0.05 ± 0^

50 0.04 ± O*"
O

75 0.04 ± 0''

100 0.03 ± 0»

Values within the same column with similar superscripts are
homogenous.

4.3.3. Effect of osmopriming on the electrical conductivity of seeds leachates

The results of the effect of osmopriming on the electrical conductivity of sandal seed leachates are

presented in Table 8, which indicated that there was a significant variation (F=33.36, p=0.04)

among the treatments. However, the variation in electrical conductivity due to osmopriming

treatments found to follow a different pattern from hydropriming as well as biopriming. The

electrical conductivity of osmoprimed seeds was found inversely related to the concentration of

Polyethylene Glycol 6000. Moreover, the values were found to be increasing with increase in

priming duration. Hence, osmopriming at 20% of PEG 6000 for 3 days was the best treatment to

improve seed quality in sandal.

4.3.4. En'ect of chemical priming on the electrical conductivity of seeds leachates

The results of the effect of chemical priming on the electrical conductivity of sandal seed leachates

are presented in Table 9, which indicated that there was a significant variation (F=26.43, p=0.03)

Table 8. Effect of osmopriming on the electrical conductivity of sandal seed leachates
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Osmopriming
Electrical Conductivity
(dScm"')

Duration

(Days)

Concentration

(%)
5 1.02 iO^''

3
10 0.75 ± 0"^

15 0.62 i 0''

20 0.46 ± 0"

5 1.22 ±0^

6
10 1.00 ±0^^

15 0.63 ± 0^

20 0.83 ±0"^

5 1.32 ±0=

9
10 1.08 ±0^

15 0.93 ± 0^

20 1.07 ±0^

5 1.69 ± 0^-

12
10 1.29 ±0^

15 1.16±0^'

20 0.99 ± O'^

Values within the same column with similar superscripts
are homogenous.

Table 9. Effect of chemical priming on the electrical conductivity of sandal seed leachates

Chemical Priming
Electrical Conductivity
(dScm')

Duration

(Days)

Concentration

(M)

0.4 0.65 ± 0^"

3
0.6 0.81 ±0'^'^

0.8 0.55 ±0*^

1 0.61 ±0'

0.4 0.58 ±0^

6
0.6 0.88 ± 0**

0.8 0.71 ±0'^'^

1 0.66 ± 0"^

0.4 0.72 iO*-"

9
0.6 0.98 ± 0''

0.8 0.59^0"

1 0.90 ± 0"

0.4 0.13 iO^

12
0.6 0.16i0^

0.8 0.22 i 0'^

1 0.14±0'

Values within the same column with similar superscripts
are homogenous.
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among the treatments. Unlike the other priming methods, the variation in electrical conductivity

due to chemical priming did not follow a deHnite trend. The electrical conductivity of the chemical

primed seeds were least in the seeds primed for longer duration.

4.4 The effect of seed priming techniques on the biochemical composition of the sandal seeds

Tlie etTect of tlie duration and concentrations of the different priming agents on the seed reserve

materials viz, total carbohydrate, protein and crude fat are given below.

4.4.1. The Effect of hydropriming on the biochemical content of the sandal seeds

The results of the effect of hydropriming on the biochemical character of the sandal seeds

such as total carbohydrate, protein and crude fat are presented in Fig. 1-3. While the total

carbohydrate (F=4I4.88, p=0.01) and crude fat (F=972,91, p=0.01) exhibited a highly significant

difference among the treatments, the difference in the total protein (F=6.74, p=0.03) content among

treatments was significant at 5% level only. Total carbohydrate content in the non-primed seeds

were superior to the primed seeds. Besides the lower values of carbohydrate content shown by the

hydroprimed seeds, it can be concluded that the carbohydrate content was inversely proportional

to the priming duration.

On the contrary, the total protein content showed an increase with the increase in the

priming duration. Tlie total protein content of the non-primed seeds were found to be on par with

that of the seeds hydroprimed for 6 days and 9 days. Meanwhile, the crude fat content was observed

to be the highest in non-primed seeds. No significant increase in the crude fat was obtained with

hydropriming in sandal seeds.

4.4.2. The Effect of biopriming on the biochemical composition of the sandal seeds

The results of the effect of biopriming on the total carbohydrate (F=7.82, p=O.Oi), protein

(F=5.46, p=O.OI) and crude fat content (F=81.83, p=0.01) are presented in Fig. 4-6. All the three

components were observed to exhibit very high significant variation among the biopriming

treatments. The results revealed that the biopriming of the sandal seeds had significantly increased

the total carbohydrate content of the seeds when compared to control while the total carbohydrate

content decreased with increasing priming duration.
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Figure 6. Effect of biopriming on the crude fat content of sandal seeds

The seeds bioprimed at 50% for 2 days recorded the highest total carbohydrate content (1.76 mg

g''), whereas it recorded the least protein content (0.05 mg g*').

The total protein content was highest in the seeds primed at 25% for days (0.07 mg/g). In

addition, the total protein content was independent of the priming treatments. The crude fat was

also found to be independent of the biopriming treatments. The highest percentage of crude fat

was obtained from seeds bioprimed at 75% for 6 days (57.0iyo) and the seeds bioprimed at 75%

for 8 days recorded the lowest percentage of crude fat in sandal seeds (48.67%).

4.4.3. The Effect of osmopriming on the biochemical composition of the sandal seeds

The osmopriming treatments imparted highly significant difference in the total

carbohydrate (F=53.18, p^O.Ol). protein (F=2.80. p=0.01) and crude fat (F=149.78, p=0.01)

content of the sandal seeds due to different osmopriming treatments. According to the results from

Figure 7-9, it is evident that although osmopriming induce an increase in the total carbohydrate

content, a remarkable decrease in the total carbohydrate has been observed with increasing

duration of the priming. TTie seeds osmoprimed at 5% for 3 days recorded the highest average

value of total carbohydrate (1.90 mg g*'), whereas the non-primed seeds recorded the lowest
carbohydrate content (1.03 mg g'').

The total protein content of the seeds were independent of the osmopriming treatments.

The different concentrations of Polyethylene glycol did not affect the total protein content of the
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sandal seeds. In spite of the highly significant variation among the treatments, the total protein

content of the non-primed seeds were found to be on par with that of the primed seeds. The

percentage crude fat content in the seeds also shown results similar to that of the total protein when

primed with different concentration of PEG 6000 at 3, 6, 9 and 12 days.

4.4.4. The efi'ect of chemical priming on the biochemical composition of the sandal seeds

The effect of chemical priming on the total carbohydrate (F=32.99, p=0.01), protein

(F=l .32, p=0.87) and crude fat (F=81.33, p=0.01) content of the sandal seedlings are presented in

Fig. 10-12. The variation in the total carbohydrate content and the percentage crude
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Figure 8. Effect of osmopriming on the total protein content of sandal seeds
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fat in the sandal seeds evinced highly significant variation whereas the total protein did not show

any variation.

in accordance with the previous results of osmopriming, the total carbohydrate in the seed

was inversely related to the priming duration. Meanwhile, against this assumption, the highest of

the total carbohydrate was obtained from seeds primed at 1 M for 9 days (1.68 mg g*'). The total

carbohydrate content of the non-primed seeds were found to be higher over the seeds primed with

MnS04 at 0.4 M for 6 days, 9 days and 12 days. The total protein content of the primed seeds and

non-primed seeds were found to be on par. The percentage crude fat attained its highest value in

seeds pri med at 0.8 M for 9 days (57.01%) whereas the lowest val ue was recorded i n seeds pri med

at 0.8 M for 12 days (48.67%).

4.5 Effect of priming methods on growth, biomass production, growth analysis indices and

chlorophyll content of sandal seedlings

Seedling growth measured in terms of height, collar diameter, leaf area, tap root length,

number of lateral roots, biomass yield and growth analysis indices and physiological

characteristics as affected by the priming techniques are presented in the following sections. The

survival rate of the germinated seeds were greatly differing in each priming method. Seedlings

from all the treatments of hydropriming and biopriming were available for the study whereas
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seedlings from only 6 treatments from osmopriming and 12 treatments from chemical priming

were available for conducting the experiments. Seedlings subjected to 5, 10, 15 and 20% PEG

6000 for 3 days and 5 and 10% PEG 6000 in case of osmopriming and seedlings subjected to 0.4,

0.6,0.8 and I M oFMnS04 for 3, 6 and 9 days in case of chemical priming were only available to

study the seedling growth attributes of sandal.

4.5.1. EfTect of hydropriming on growth attributes and blomass production of sandal

seedlings

The effect of hydropriming on the growth attributes and biomass production of sandal

seedlings is depicted in the Tables 10 to 13. Analysis of variance revealed significant difference

in shoot height of seedlings due to hydropriming at 90 (F = 41.02, p=0.01) and 180 days after

transplanting (F=230.56, p=0.01). The observations revealed that the highest shoot height at third

moth and sixth month were 15.80 cm and 20.85 cm respectively for the seedling obtained after

hydropriming for 3 days. While the lowest value of the shoot height at 3"^ month was observed in

seedlings subjected to hydropriming for 9 days (7.26 cm), the seedlings subjected to hydropriming

for 12 days recorded the lowest height during 6''^ month. The results indicated that hydropriming

for 3 days could increase the shoot height whereas an increase in the duration of priming could

lead to a decrease in shoot height. Further, the non-primed seeds were found to be superior over

seeds hydroprimed for 6, 9 and 12 days in shoot height.

Analogous to the shoot height results, variations in collar girth of the seedlings among the

treatments was highly significant at 90 (F = 4.364, p = 0.02) and 180 DAT (F=90.26, p=O.OI).

Although, the seeds hydroprimed for 9 days recorded the highest collar girth value at 90 DAT

(2.49 mm), it was having the lowest value at 180 DAT (4.05 mm), whereas the seedlings from the

non-primed seeds which recorded the minimal collar girth at 3^^^ month (1.79 mm) was found to be

superior than hydropriming treatments at 6'^ month (6.33 mm). Collar girth of seedlings obtained

after hydropriming for 3 days was 2.10 mm which was on par with that of seeds hydroprimed for

6 days and 9 days (Table 10). At 180 DAT the seedlings hydroprimed for 3, 6 and 9 days were at

par in collar girth.

There was significant difference in the number of leaves of sandal seedlings due to

hydropriming at 90 (F = 14.77, p = 0.001) and 180 DAT (F=20.15, p=0.011). The seedlings

obtained from the seeds subjected to hydropriming for 6 days recorded the highest leaf number
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(11.33) at 3*^ month whereas the seeds subjected to hydropriming for 3 days recorded the highest

leaf number at 6^^ month (20.50). Meanwhile, the value of number of leaves obtained from the

seedlings from the seeds subjected to hydropriming for 6 (11.33) and 3 days (10.66) were at par at

3'^'^ month. The number of leaves of the seedlings obtained after hydropriming for 9 (5.33) and 12

(6.00) days were lower compared to control seedlings (8.33) and there was no significant

difference among the two treatments at 3'"^ month. At 180 DAT, the lowest leaf number was

recorded in the seedlings germinated from seeds hydroprimed at 9 days (10.75). The number of

leaves of seedlings hydroprimed at 9 and 12 days and 3 and 6 days were on par.

At 90 DAT leaf area of the seedlings obtained after hydropriming for different duration rajiged

from 1.05 cm~ in hydropriming for 12 days to 7.01 cm~ for 3 days. The variation in leaf area of the

sandal seedlings due to different treatments were found to be highly significant (F= 15.48, p =

0.001). Similarly, high significant difference in the variations of leaf areas of sandal seedlings due

to hydropriming (F=14.73, p=0.001) was observed at 180 DAT. The leaf area of tlie seedlings

obtained after hydropriming for 3 days was found to be the highest at 90 DAT as well as 180 DAT

(8.51cm") which in turn was on par with the leafarea of the non-primed seeds (6.95 cm-). While,

the leaf area of the seedling obtained after hydropriming f or 9 days (2.02 cm') and 12 days (1.95

cm^) were on par at 90 DAT. The leaf area of seedlings hydroprimed 6,9 and 12 days were at par

at 180 DAT. The hydropriming did not have any influence on the leaf area of the sandal seedlings

compared to control.

The effect of hydropriming on the root parameters and total seedling length are presented in Table

11. With regards to the root length, there existed significant variation due to hydropriming at 90

(F = 5.62, p = 0.01) as well as 180 DAT (F=80.92, p=0.01). During the third month, tlie root length

was the highest in seeds hydroprimed for 3 days (5.23 cm) and the lowest length was observed in

seeds hydroprimed for 9 days (2.2 cm). Tlieroot length of the seedling obtained after hydropriming

for 3 days was found to be on par with control seedlings, and the root length of the seedlings atier

hydropriming for 6 days was found to be on par with seeds hydroprimed for 12 days and control.

Meanwhile, during 6''^ monlii the average root length was the highest in the non-primed seedlings

(6.35 cm) and the seedlings hydroprimed at 9 days recorded lowest root length (2.32 cm) and the

seedlings primed at 3, 6, 9 and 12 days were on par with respect to root length.
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In context of the number of lateral roots of the seedling subjected to hydropriming, there

was no significant difference at 90 (F = 3.06, p = 0.71) and 180 DAT {F=1.47, p=0,26). The

observations at 90 DAT revealed that the number of lateral roots was higher in non-primed seeds

(7) which were on par with those hydroprimed for 3 and 6 days. The number of lateral roots of the

seedling obtained after hydropriming for different duration ranged from 3.33 to 4.43. Similarly,

the seedlings from non-primed seeds recorded the highest number of lateral roots.

The differences in tJie total seedling length due to of hydropriming was highly significant

at both 90 (F = 41,02, p=0.01) and 180 DAT {F=266.32, p=0.01). The total seedling length ranged

from 21.03 to 9.66 cm in different priming durations at 90 DAT. The tallest seedlings (21.03 cm)

were produced by the seeds subjected to hydropriming for 3 days and the shortest seedlings were

obtained from those hydroprimed for 9 days. The control seedlings recorded the second tallest

seedlings (18.26 cm). There was decrease in the total seedling length with the increase in the
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priming duration. Contrary to the results obtained at 3^ month, the seedling length was the highest

in non-primed seeds at b'*' month after transplanting (24.85 cm).

The variation in fresh weight of leaf, shoot and root of the sandal seedlings due to

hydropriming are presented in Table 12. Analysis of variance revealed a significant difference at

five per cent level in the leaf fresh weight of seedlings from seeds subjected to different

hydropriming treatments at 90 DAT (F = 3.09, p ̂  0.03) and at one per cent significant level at

180 DAT (F=64.41, p=0.01). At 90 days after transplanting, fresh weight of the leaves was highest

in the seedling belonging to the seeds hydroprimed for 3 days (0.29 g) which was on par with that

of seeds hydroprimed for 9 days (0.25 g), 12 days (0.27 g) and control (0.27 g). The average leaf

weight was found to be highest in seedlings that were not primed (0.85 g), although seedlings

hydroprimed at 6 days (0.82 g) were on-par with non-primed seedlings at 180 DAT. The results

revealed that the fresh weight of leaves tend to decrease with increase in the priming duration.

Meanwhile, there was no significant difference in the fresh weight of the shoot of the sandal

seedlings due to priming duration at 90 (F = 1.76, p = 0.21) but the shoot weight recorded a highly

significant variation at 180 DAT (F=231.60, p=0.001). The fresh weight of the shoot ranged from

0.22 g to 0.16 g in seedlings subjected to hydropriming at 90 DAT. The shoot weight also showed

that non-primed seedlings had the highest shoot weight (0.57 g) with most of the primed seedlings

having similar on-par values of shoot weight at 180 DAT. .Similarly, there was no significant

difference in the root fresh weight of the seedlings due to hydropriming at 90 DAT (F = 0.008, p

= 1.00) whereas the variation was of high significance at 180 DAT (F=51.24, p=0.01).The

seedlings hydroprimed at 6 days as well as the non-primed seeds recorded the highest average root

weight (0.40 g), while the seedlings hydroprimed at 3 days and 6 days showed lowest values of

average root weight and those were at-par.

The total fresh weight of the seedlings recorded a non-significant variation due to hydropriming

treatments at 90 DAT (F=0.56, p=0.44) whereas the variation was highly significant at 180 DAT

(F=48.04, p=0.01). The total fresh weight of the seedlings subjected to hydropriming treatments

as well as control was on par when observed at 90 days after transplanting.
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Meanwhile, the observations at 180 DAT recorded the highest seedling fresh weight in seeds of

control (1.82 g) which was on par with total fresh weight of seedlings hydroprimed for 6 days

(1.52 g). The fresh weight of the seedlings hydroprimed for 3 days and 9 days were on par.

The biomass production (on dry weight basis) of the seedlings obtained alter priming

treatments varied significantly (Table 13). Results indicated that, there was no significant variation

in leaf dry weight of sandal seedling due to hydropriming treatments (F = 1.57, p = 0.25) at 90

DAT. The leaf biomass of the seedlings ranged from 0.07 to 0.04 g. The highest values were

obtained for tlie seedling obtained after hydropriming for 3 days followed by the control.

Significant difference in shoot dry weight due to different hydropriming treatments was obtained

(F = 3.95, p = 0.03) at 180 days after transplanting. The maximum shoot dry weight was recorded

in the seedling obtained after hydropriming for 3 days (0.08 g) followed by hydropriming for 6

days (0.06 g). The dry weight of shoot was found be on par for the seedlings belonging to

hydropriming for 9, 12 days and control.

The dry weight of the roots also did not show any significant difference (F = 0.67, p = 0.66)

at 90 days after transplanting. The root dry weight of the seedlings ranged from 0.05 g to 0.06 g

and the highest values were recorded for the seedling that obtained after hydropriming for 3 days

followed by control. There was no significant difference observed in the seedling dry weight of

sandal seedlings due to hydropriming (F=2.54, p=0.10) at 90 days after transplanting. The

seedlings from seeds hydroprimed for 3 days possessed maximum dry weight (0.20 g) which was

on par with the seedling dry weight of non-primed seeds (0.17 g), where the latter was found to be

on par with the dry seedlings of seeds hydroprimed for 6 days, 9 days and 12 days.

Contrary to the results obtained at 90 DAT, the variations in leaf(F=56.405, p=0.01), shoot

(F=17.90 p=0.01), root (F=l 3.02 p^.Ol) and plant dry weight (F=61.66p^.01) at 180 DAT were

highly significant. It is evident from the values that the non-primed seeds recorded the highest

average leaf dry weight (0.26 g), shoot dry weight (0.20 g), root dry weight (0.15 g) and the plant

dry weight (0.60 g). Tlie seedlings hydroprimed at 6, 9 and 12 days showed on-par values of shoot

and total dry weight. The seedlings hydroprimed at 3 days had on-par values with the non-primed

seedlings with respect to shoot dry weight.
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4.5.2 Effect of hydropriming on growth analysis indices

The efTect of hydropriming on the growth analysis indices like Specific Leaf Area, Specific

Leaf weight. Leaf Area Ratio, Leaf Weight Ratio, Root: Shoot Ratio, Vigour Index 1 and Vigour

Index II, Net Assimilation Rate and Relative Growth Rate is given in the Tables 14 to 17.

During the third month after planting, there was significant difference in the specific leaf

area due to different hydropriming treatments (F = 3.45, p = 0.05) whereas the variation was not

significant during sixth month (F = 1.63, p = 0.21). The highest specific leaf area was shown by

control seedlings which was on par with those obtained from the seeds hydroprimed for 3 days, 6

days and 9 days at 90 DAT. It can be observed that at 180 DAT, the seedlings hydroprimed at 9

days have the highest specific leaf area value (48.14cm- g*'), which is on par with the other

hydroprimed seedlings as well as the non-primed seedlings.

The specific leaf weight of the seedlings also recorded the significant differences due to

hydropriming treatments at 90 DAT (F= 3.80, p = 0.04) and a non-significant variation at 180

DAT (F=0.69, p=0.6l). During 3"^ month a higher specific leaf weight was recorded in seedlings

obtained from the seeds hydroprimed for 12 days (0.02 gcm'^). However, the values were on par

with seeds hydroprimed for 3 days, 6 days, 9 days and non-primed seeds (0.01 gem'-). The specific

leaf weight values of all the hydroprimed seedlings and non-primed seedlings are almost similar

and also on-par witli each other witli seedlings hydroprimed at 12 days and non-primed seedlings

recording highest values (0.03 g cm"-).

There was significant difference in the leaf area ratio of the seedlings subjected to

hydropriming for different duration and at 90 DAT (F=4.26, p=0.02) and a non-significant

variation was observed at 180 DAT (F=1.52, p=0.25). The highest leaf area ratio was observed in

the seedlings obtained from the seeds primed for 3 days (34.31) which was on par with control

seedlings (34.67). There was a decrease in the leaf area ratio of the seedlings with increase in

priming duration during month. Meanwhile, during 6''' month the leaf area ratio in hydroprimed

seedlings and non-primed seedlings having on-par values. Although the highest leaf area ratio

value was observed in seedlings hydroprimed at 6 days (20.44).
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Leaf weight ratio of the seedlings varied significantly due to hydropriming treatments at 90 (F =

0.35, p = 0.83) as well as 180 DAT (F=4.25, p=0.17).The highest leaf weight ratio was observed

in the seedlings obtained from the seeds hydroprimed for 9 days (0.39) followed by control (0.37)

seedlings at 90 DAT whereas, the results at 180 DAT indicated that the values of seedlings

hydroprimed at 6 days and 12 days were observed to be on-par, with highest values being observed

12 days hydroprimed seedlings (0.52). The seedlings hydroprimed at 3 days recorded the lowest

leaf weight ratio (0.36).

The etTect of hydropriming on the root: shoot ratio at 90 DAT and 180 DAT are given in

Table 15. During 3'^'^ month, the root: shoot ratio of the seedlings showed no significant variation

due to hydropriming treatments (F=2.78, p=0.87). The maximum value for the root shoot ratio was

obtained from non-primed seeds (1.20) which were found to be on par with seeds hydroprimed for

9 days and 12 days. Although the values of root: shoot ratio recorded non-significant variation,

contrary to the results of 3^^ month, the values of root: shoot ratio were the highest in the seedlings

hydroprimed for 6 days (2.24). The values of all hydroprimed seedlings as well as non-primed

seedlings were observed to be on-par (F=1.I2, p=0.24) at 6^^ month.

Vigour index I showed significant variation due to hydropriming treatments (F = 430.31,

p=0.01). The vigour index of the non-primed seeds was found to be higher over the hydropriming

treatments. The vigour index II (F= 31.39, p=0.0!) also showed significant difference in the value

due to hydropriming treatments. The maximum value was observed in seeds hydroprimed for 3

days whereas the minimum value was observed in seeds hydroprimed for 9 days and 12 days

(Table 16).

The absolute growth rate did not show statistically significant variation among the treatments.

Similarly, the relative growth rate also showed similar values in both hydroprimed and non-primed

seedlings even though seeds hydroprimed at 3 days and non-primed seedlings had slightly higher

but identical values. The values of net assimilation rale also showed that seedlings hydroprimed at

3 days and non-primed seedlings had highest and identical values (0.03) with seeds hydroprimed

at 9 days and 2 days recording lowest values (O.OI) and being on-par (Table 17).
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Table 17. Effect of hydropriming on the growth analysis indices of the sandal seedlings

Hydropriming
(days)

Absolute Growth

Rate (cm day*')

Relative Growth

Rate

(gg' day*')

Net Assimilation

Rate

(g cm'- day"')
3 0.003 ± 0 O.OlOiO 0.028 ± 0"''

6 0.000 ± 0 0.001 ±0 0.014 ±0*"^

9 0.001 ±0 0.001 ±0 0.011 ±0^=

12 0.002 ± 0 0.002 ±0 0.020 ± 0^=

0 (Control) 0.004 ±0 0.014 ±0 0.039 ±0.00^

Values within the same column with similar superscripts are lomogenous.

4,5.3. Effect of hydropriming on the chlorophyll content of the sandal seedlings.

The results of variation in chlorophyll content at 180 DAT also showed high significant

difference in hydroprimed seeds (F=240.25, p-0.01). Contrary to the previous results of leaf area

and leaf number, the average chlorophyll content was lowest in seeds hydroprimed at 3 days (16.90

mg g"') and the highest chlorophyll content was recorded in the non-primed seeds (26.90 mg g"').

The only treatments that were on par were the seeds hydroprimed at 9 days and 12 days (Table

18).

Table 18. Effect of hydropriming on the chlorophyll content of sandal seedlings

Hydropriming
(days)

Chlorophyll
(mg g-')

3 16.90^0.15"

6 21.23 i-0.17'^

9 18.20 ±0.2ft=

12 17.50 ±0.28'="

0 (Control) 26.90 ± 0.72='

Values within t

with similar su|
homogenous.

le same column

jerscripts aie

4.5.4. Effect of biopriming on growth attributes and biomass production of sandal seedlings

Impact of biopriming at different duration and concentration on the shoot parameters of

sandal seedlings are presented in Table 19. The results indicated that there was no significant

difference in heights of seedlings due to biopriming treatments at 90 DAT (F = 1.39, p = 0.20) but

highly significant difference was observed at 180 DAT (F=10.15, p=0.01). At 90 days after

transplanting, the shoot height of the seedlings varied from 12.83 cm in seeds bioprimed at! 00%
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for 2 days to 18.26 cm in seeds bloprimed at 75% for 8 days. The shoot height of all treatments

except seeds bioprimed at 50% for 6 days and seeds bloprimed at 50%, 75% and 100% for 2 days

were found to be at par. During 6^^ month, seeds bioprimed at 100% for 8 days recorded the highest

shoot height (24.75 cm) followed by seeds bioprimed at 50% for 8 days (24.03 cm) and the seeds

bioprimed at 50% for 2 days recorded the lowest length (16.75 cm). The shoot height of the non-

primed seeds were found to be higher than the shoot height of the seeds bioprimed at 50% and

100% for 2 days as well as over the seeds bioprimed at 25% for 4 days whereas the shoot height

of non-primed seeds were found to be on par with the shoot height of the seeds bioprimed at 100%

for 8 days. In general, most of the biopriming treatments recorded a higher shoot height over the

non-primed seeds at 180 days after transplanting.

The variations in collar girth due to different biopriming treatments were found to be highly

significant at 90 DAT (F = 11.20, p^.01) as well as at 180 DAT (F=l 0.15, p-0.01). At 90 DAT,

the highest of collar girth was recorded in seedlings produced from seeds bioprimed at 50% for 8

days and was found to be on par with seeds bioprimed at 25% and 75% for 8 days and seeds

bioprimed at 50% for 2 days, whereas the minimum collar girth recorded from seeds bioprimed at

25% for 4 days. The lowest collar girth in this treatment was on par with non-primed seeds as well

as the seeds bioprimed at 50% and 100% for 4 days and seeds bioprimed at different concentrations

for 6 days. Meanwhile, at 180 DAT the highest value of collar girth was again recorded in seeds

bioprimed at 100% for 8 days (9.28 mm), further recording highest values of root length (8.35 cm)

as well as the total seedling length (33.10 cm). In general, biopriming treatments could impart

collar girth values greater than that of the non-primed seeds.

Analysis of variance revealed significant e effect of biopriming treatments on the leaf area

at 90 DAT (F ̂2.12, p = 0.02) and 180 DAT (F=10.15, p^O.Ol). During the observations recorded

at 90 DAT, the highest leaf area was recorded in seeds subjected to biopriming at 100% for 6 days

(9.98 cm^) and the least in seeds bioprimed at 50% for 4 days (1.31 cm-). All treatments, except

biopriming at 100% for 6 days and biopriming at 50% for 4 days, were not statistically difterent.

The variation in leaf area, although highly significant, followed a different trend at 180 DAT. The

leaf area of the seedlings due to biopriming treatments with P. Jluorescens varied from 3.70 cm*

in seeds subjected to biopriming at 50% for 4 days to a significantly higher value of 13.28 cm^ in

seeds subjected to biopriming at 50% for 8 days where the latter was found to be on par with the

60

ro



seeds subjected to biopriming at 100% for 6 days and seeds bioprimed at 75% and 100% for 8

days. The seeds subjected bioprimed at all concentrations of P. fluorescem for 2 days, seeds

bioprimed at 25%, 75% and 100% for 4 days, seeds primed at 25% and 50% for 6 days and seeds

bioprimed at 25% for 8 days were found to be on par with that of the non-primed seeds.

The variation in leaf number among treatments was highly significant at 90 (F = 2.84,

p=0.01) as well as 180 DAT (F=2.83, p=0.01). At 90 DAT, the maximum number ofleaves were

produced by seeds bioprimed at 100% for 2 days (14) and the minimum number ofleaves were

produced by seeds bioprimed at 75% for 6 days (7.33) except which the seeds of all treatments

produced greater number ofleaves compared to non-primed seeds (8.33). Seeds bioprimed at 50%,

75% and 100% for 2 days, 25% and 75% for 4 days, 25% and 100% for 6 days and 25%, 50%,

75% and 100% for 8 days were statistically not different. The number of leaves per seedlings

ranged from 21 numbers in seeds bioprimed at 25% for 6 days to 13 numbers in non-primed seeds

at 180 DAT. All the biopriming treatments were performed superior over control with regard to

leaf number and the seeds subjected to biopriming treatments at all concentration P. fluorescem

for 2, 4 and 8 days and seeds subjected to biopriming for 25%, 50% and 75% for 6 days were on

par to each other.

The root length (F = 3.49, p - 0.01) and number of lateral roots (F = 5.71, p = 0.01) produced by

the seedlings at 90 DAT showed highly significant variation due to biopriming (Table 20). Highest

root length was recorded in seeds bioprimed at 50% for 8 days while the shortest root length was

recorded by seeds bioprimed at 25% for 4 days. Seeds bioprimed at all concentrations for 2 days

and 8 days, seeds bioprimed at 50% for 4 days and seeds bioprimed at 75% for 6 days recorded

root lengths higher than non-primed seeds, however the values were at par. The number of lateral

roots were found to be higher in non-primed seeds (7.33) and the lowest number of lateral roots

were recorded in seeds bioprimed at 100% for 6 days. The root parameters did not follow the

similar pattern during 6'^ month after transplanting. At 180 DAT, the root length recorded highly

significant variation (F=10.15, p=0.01) while the number of lateral roots recorded a non-significant

variation (F=i0.15, p=0.10). The number of lateral roots produced by the biopriming treatments

were on par with control.
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The total seedling length showed highly significant variation due to priming at 90 (F =

26.79, p=0.01) and 180 DAT (F-10.15, p-0.01). The longest seedlings were obtained from seeds

bioprimed at 75% for 6 days (22.56 cm) whereas, the shortest seedling were obtained from seeds

bioprimed at 100% for 2 days (15.73 cm). Among the treatments, seeds bioprimed at different

concentration for 8 days produced the tallest seedlings at 90 DAT. During 6^^ month, the seeds

subjected to biopriming at 100% for 8 days produced the tallest seedlings (33.10 cm) indicating

that the seeds subjected to biopriming for a longer durations produce higher seedling length.

Table 21 depicts the results of the effect of biopriming treatments on the fresh weight of sandal

seedlings. Perusal of fresh weight of sandal seedlings at 90 DAT indicated that the weight of the

leaves (F = 83.59, p=0.01), shoot (F = 9.29, p=().01) and root (F = 132.89, p=0.01) exhibited highly

significant variation due to biopriming treatments. Among the different biopriming treatments the

seeds primed at 25% and 50% for 2 days, 25%, 50%, 75% and 100% for 8 days recorded

significantly higher fresh leaf weight over control, whereas the remaining treatments recorded

lower leaf weight than non-primed seeds, however the values of the latter were found to be on par

with control. The maximum shoot weight was produced by seeds bioprimed at 25% for 2 days

(0.27 g) followed by seeds bioprimed at 100% for 8 days (0.26 g) and the minimum fresh weiglit

of shoot was produced by non-primed seeds (0.16 g). TTie highest root weight was recorded in

seeds bioprimed at 25% for 2 days and the lowest root weight was recorded in seeds bioprimed at

25% for 4 days. Tlie obser\'ations at 90 DAT indicated that the biopriming treatments for longer

duration resulted in higher leaf fresh weight whereas the seeds bioprimed for short durations

recorded higher shoot and root weight. During 90 DAT, the total fresh weight of the seedling

revealed a highly significant variation (F=I0.084, p^O.Ol) among treatments with highest fresh

weight recorded in seedlings bioprimed at 25% for 2 days and the lowest being recorded in

seedlings from seeds subjected to biopriming at 25% for 4 days. It can be concluded from the

results that biopriming for 2 days significantly increased the fresh weight of the seedlings while

the priming duration followed an inverse relationship with fresh weight at longer duration viz., 4

and 6 days which was (nrther found to have impart an increase in the fresh weight of the seedlings.

The results of the effect of biopriming on the fresh weight of shoot (F=35.71, p=0.01) and

roots (F=14.38, p-O.Ol) w^ere significant at 180 DAT while the fresh weight of leaf (F=1.00,

p=0.46) and total fresh weight (F=0.99, p=0.48) were not significant. During 6^ month, the highest
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leaf fresh weight (0.92 g) was recorded in seeds bioprimed at 75% for 6 days which was on par

with seeds bioprimed at seeds bioprimed at 25% and 100% for 6 days, seeds bioprimed at 100%

for 8 days and the non-primed seeds. The shoot weight of the seedlings recorded the highest value

on biopriming at 75% for 6 days while the rest of the biopriming treatments recorded shoot weight

lower than that of the control. Meanwhile, the root weight oi the sandal seedlings on priming at

75% for 4 days and 25%, 50% and 100% for 8 days were at par in spite of the slightly higher value

of root weight recorded by the seeds bioprimed at 100% for 8 days. The total fresh weight of the

sandal seedlings at 180 DAT due to biopriming revealed a non-significant variation. It was also

found that the biopriming treatments could not impart an increase in the fresh weight of the

seedlings compared to control and the values of the each bioprimed seedlings were on par with the

non-primed seeds, although the highest value was obtained from the seeds bioprimed at 75% for

6 days (1.89 g).

The results of the effect of biopriming on seedling dry weight presented in Table 22. The leaf

(F^85.67, p=0.01), shoot (F=41.05, p^O.Ol), root (F=!3.21, p=0.01) and seedling dry weight

(F=377.09, p=0.01) of sandal showed highly significant variation due to biopriming treatments at

90 DAT. Leaf dry weight ranged from 0.03 g in seeds bioprimed at 75% for 2 days to 0.1 g in

seeds bioprimed at 50% for 2 days. A similar trend was observed while recording the shoot dry

weight of the seedlings while the root dry weight ranged from 0.03 g in seed bioprimed at 25%

and 100% for 4 days to a maximum of 0.08 g in seeds bioprimed at i 00% for 8 days. The seedling

dry weight was highest (0.24 g) in seeds bioprimed at 50% for 2 days as well as the seeds bioprimed

at 100% for 8 days. The seeds bioprimed at 75% for 2 days, 25 and 100% for 4 days recorded

seedling dry weight lower than the non-primed seeds but the values were on par.

The effect of biopriming on the dry weight of leaf (F=42.69, p=0.0l), shoot (F=4.99,

p=0.01), root (F-5.21, p^O.Ol) and the total dry weight (F-28.04, p-0.01) were highly significant

at 180 DAT. It was evident that seeds bioprimed at 100% for 8 days had produced a higher dry

weight compared to the non-primed seeds. Although, each biopriming treatments except seeds

bioprimed at ail concentration P. JJuorescens for 2 days recorded a higher seedling dry weight

compared to non-primed seedling, the seeds bioprimed at 5% and 100% for 2 days
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seeds bioprimed at 25% and 75%, the seeds primed at 75 % for 8 days were found to be on par

with the non-primed seeds. It can be concluded that the biomass production on dry weight basis of

the sandal seedlings had improved on subjecting seeds to biopriming for longer durations over

control.

4.5.5. Effect of biopriming on growth analysis indices of sandal seedlings

The effect of biopriming on gro\sth analysis indices of sandal seedlings such as specific leaf area,

specific leaf weight, leaf area ratio and leaf weight ratio are given in Table 23. At 90 DAT, the

specific leaf area recorded the highest value in seeds bioprimed at 75% for 2 days (185.69 cm* g*

') followed by biopriming at 25% for 4 days (115.35 cm' g"') and biopriming 100% for 6 days

(113.75 cm~ g"') and the lowest value was recorded in seeds bioprimed at 50% for 4 days (20.53

cm'g*') indicating that the variation in specific leaf area due to biopriming treatments are highly

significant (F = 2.94, p=O.OI) during month after transplanting. The specific leaf area of the

non-primed seeds (101.06 cm~ g*') was comparatively higher than many of the biopriming

treatments.

The specific leaf weight followed a remarkably different trend having its highest value

(0.06 g cm'") in seeds bioprimed at 75% for 2 days as well as seeds bioprimed at 50% for 4 days

and the minimum value (O.Ol g cm'-) being recorded in all other treatments except biopriming at

100% for 4 days (0.02 g cm"~) and biopriming at 50% (0.02 g cm"") and 75% (0.03 g cm'") for 6

days. The variation in specific leaf weight was found to be highly significant (F = 4.84, p=0.01).

The leaf area ratio exhibited a significant variation due to biopriming treatments (F = 2.42,

p =0.01) at 90 DAT. The highest of leaf area ratio was recorded in seeds bioprimed at 100% for 6

days (44.37 cm'g"') followed by 25% for 4 days (43.72 cm" g'l) and 75% for 2 days (42.56 cm"

g"') and the lowest value was recorded in seeds bioprimed at 50% for 4 days (6.75 cm'g'') which

was significantly lower than the leaf area ration of the non-primed seeds (34.67 cm^ g"'). Tliere

was no significant variation observed in the leaf weight ratio of the sandal seedlings due to

biopriming treatments (F = 0.79, p = 0.68). The values of leaf weight ratio of the sandal seedlings

were on par for all the biopriming treatments.
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Analysis of variance at 6^ month after transplanting, revealed significant effect of

biopriming on the specific leaf area (F=12.94, p=O.OI), specific leaf weight (F=23.11, p=0.01),

leaf area ratio {F=12.22, p^.Ol) and leaf weight ratio (F^6.74, p=0.01) of the seedlings. The

highest specific leaf area at 180 DAT was recorded in seedlings obtained from seeds bioprimed at

25% for 2 days (56.25 cm^ g"') and the lowest value was recorded in the seeds bioprimed at 50%

for 4 days (10.88 cm^ g*'), a reverse trend was observed with regard to specific leaf weight where

the latter showed the highest value (0.09 g cm'-) and the former treatment recorded the lowest

value (0.02 g cm*-).

The variation in the leaf area ratio also exhibited the similar pattern as that of the specific

leaf area where the seeds bioprimed at 25% for 2 days recorded the highest value (21.46 cm- g*')

whereas the seeds bioprimed at 50% for 4 days recorded the lowest value (5.27 cm- g"').

Meanwhile, the leaf weight ratio followed a different pattern with a highest average value recorded

by seeds bioprimed at 25% for 6 days (0.54) which recorded significantly lower values of specific

leaf area, specific leaf weight and leaf area ratio, and the lowest value was recorded by the seeds

bioprimed at 25% for 2 days (0.39).

The variation in root: shoot ratio of the sandal seedlings due to biopriming treatments were

non-significant at 90 DAT (F = 1.10, p = 0.38) (Table 24). The maximum value of the ratio was

obtained in seeds bioprimed at 50% for 8 days (2.92) and the values of the remaining treatments

were found to be on par with the value of non-primed seeds. On contrary, the root: shoot ratio has

attained a highly significant variation at 180 DAT (F-4.43, p=0.01) due to different biopriming

treatments. The highest average value of the ratio was recorded in seeds bioprimed at 100% for 6

days (1.26) and the biopriming treatments were found to be superior over tlie non-primed seeds.

The value of vigor index 1 showed highly significant variation due to biopriming treatments

(F = 16.90, p=0.01). In spite of the highest value recorded by seeds bioprimed at 75% for 8 days

(1925.61), all the treatments have a significantly higher vigor index over non-primed seeds. The

vigor index II also exhibited highly significant variation due to biopriming treatments (F = 7.25,

p=0.01). The highest value of vigour index II was recorded in seeds subjected to biopriming at

100% for 8 days (0.21) and the lowest value was recorded in non-primed seeds (0.08) (Table 25).
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Table 24. Effect of biopriming on the root: shoot ratio of sandal seedlings at 90 and 180 days after
transplanting

Biopriming Root: Shoot Ratio

Duration

(Days)

Concentration

(%)

90 DAT 180 DAT

2 25 0.81 ±0.19® 0.74 ±0.07^

50 0.89 ± 0.20=^ 0.76 ± 0.06''''^

75 0.87 ±0.23^ 0.97 ± 0.05'^^"

100 0.79 ±0.02" 0.87 ± 0.08'^^^"'^

4 25 0.60 ±0.14" 0.96 ± 0.03'-''"

50 0.61 ±0.05" 0.89 ± 0.02'^''"'^

75 0.94 ±0.54" 0.83 ± 0.08"'''''

100 0.45 ±0.16" 0.98 ±0.04^"

6 25 0.56 ±0.22" 1.19±0.07"''

50 1.37 ±0.12" 0.97 ± 0.03'^'"

75 1.18±0.16" 0.86 ±0.13""^

100 0.51 ±0.08" 1.26±0.I6"

8 25 1.14±0.26" 0.70 ±0.04^

50 2.92 ±2.03" 0.94 ±0.06"''^

75 1.18±0.18" 0.88 ± 0.05""^

100 1.11 ±0.29" 1.03 ±0.07^'

Control 1.21 ±0.02" 0.75 ± 0.03^'^

Values within the same column with similar superscripts are
homogenous

The results of the effect of biopriming on the growth indices such as absolute growth rate, relative

growth rate and net assimilation rate of sandal seedlings are given in Table 26. The absolute growth

rale (F=5.92, p=0.011), relative grow^ rate (F^2.69, p^O.OOl) and net assimilation rate (F=2.33,

p=0.01) recorded highly significant variation. The values of these indices due to different

biopriming treatments were almost similar to each other as well as with control.
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Table 25. Effect of biopriming on the vigour indices of sandal seedlings

Biopriming
Vigor Index I Vigor Index IIDuration

(Days)
Concentration

(%)
2 25 1599.49 ± 1 10.95'^'^ 0.19 ±0.02^^

50 1341.94 ±51.33'' 0.17 iO'^^

75 1197.00 ± 88.80^" 0.09 ±0.01"'"

100 111!.00± 75.93J O.UiO.Or^'^

4 25 1689.00 ± 165.64'""" 0.11 ±0^'^

50 1521.00 ±66.82'"''='' 0.15 ±0.01*^"

75 1433.27 ± 44.09"'s 0.15 ±0.01'^'^

100 1614.82 ±40.59'""' 0.13 iO'^'^'--

6 25 1521.00±90.40'="'' 0.13 ±0.'^''

50 1530.84 ±67.61"'='' 0.16 iO''^

75 1389.70 ± 24.07"''s 0.17±0.0P^^

100 1353.12 ±59.56=''s 0.18 ± 0.0

8 25 1712.29 ±39.51"'"= 0.19±0.01'"'

50 1808.51 ±28.45"'' 0.19 ±0.03^'^

75 1925.61 ±89.40" O-lOiO-Ol-^

100 1809.86 ±69.53"'' 0.21 ±0"

Control 840.26 ± 47.82' 0.08 ±0.08^"

Values within the same column with similar superscripts are homogenous
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Table 26. Effect of biopriming on the growth analysis indices of sandal seedlings

Biopriming Absolute

Growth Rate

(cm day*')

Relative

Growth Rate

(g g' day*')

Net Assimilation

Rate

(g cm*~ day*')
Duration

(Days)

Concentration

(%)

2

25 0.003 ± 0= O.OliO^ 0.02 ± 0-^

50 0.003 i 0^ 0.01 ±0" 0.02 ± 0^

75 0.006 ±0^ 0.01 ±0.01^ 0.06±O.OD

100 0.004 ± O^'^ 0.0! ±0"'' O.OSiO.Of^

4

25 0.010 ±0^ 0.02 ± 0" 0.04±0.0D^

50 0.010 ±0^ 0.01 ±0"" 0.04 ± 0*^

75 0.003 ± 0^"= 0.01 ±0^*' 0.03 ± O'^

100 0.010 ±0" 0.02 ± 0"'' 0.04 iO'^

6

25 O.OIOiO^ 0.02 ± 0" 0.04 ±0.01*^

50 0.010 ±0"^ 0.01 ±0^ 0.03 ± 0*^

75 0.010 ±0" 0.01 ±0"'' 0.03 ± 0^

100 0.002 ± 0^ 0.01 ±0^ 0.03 ± 0^^

8

25 0.003 ± 0^ 0.01 ± 0^ 0.03 ± 0^

50 0.010 ±0^ 0.01 ±0^^ 0.03 ± 0*^

75 0.002 iO-Ol-^ 0.01 ±0^ 0.02 ± 0^

100 0.010 ±0^ 0.02 ±0*' 0.03 ±

Control 0.004 ± 0"= 0.01 ±0'' 0.03 ± 0*^

Values within the same column with similar superscripts aie homogenous

4.5.6. Effect of biopriming on the chlorophyll content of the sandal seedlings

With regard to the chlorophyll content in the leaves at 180 DAT, it recorded a highly

significant variation (F=25.0l, p=O.Ol). The seeds subjected to biopriming at 100% for 6 days

recorded the highest chlorophyll content (35.73 mg g"') which was found to be on par with the

seeds bioprimed at 25%, 75% and 100% for 2 days, those bioprimed at 75% and 100% for 4 days

and seeds bioprimed at 25% for 6 days whereas, the lowest chlorophyll content was recorded by

seeds subjected to biopriming at 25% for 8 days (23.30 mg g*') which was observed to be on par

with the other biopriming treatments perfonned for 8 days duration (Table 27).

Table 27. Effect of biopriming on the chlorophyll content of sandal seedlings
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Bioprimina
Chlorophyll

(mg g-')
Duration

(Days)

Concentration

(%)

2

25 32.00 ±0.30'^'^

50 28.56 ±0.29*^^

75 33.50 ±3.75^^

100 32.90 ±0.36^^"

4

25 31.30^0.62^^'^

50 16.26 i 0.46'

75 34.76 ± 0.44'^''

100 35.03 ± 0.26''^

6

25 33.36

50 30.73 ± 0.62^'^'--

75 29.90 ±0.65^'^'"

100 35.73 ±0.40"

8

25 23.30 i 0.36"

50 25.30 ±0.56®"

75 25.00+ 0.76®"

100 25.33 ±0.60®"

0 Control 26.90 ±0.41'®

Values within the same column with similar

superscripts are homogenous

4.5.7. Effect of osmopriming on growth attributes and biomass production of sandai

seedlings

The impact of osmopriming on the grovMh attributes and biomass production of sandal

seedlings at are depicted in the Tables 28 to 32.

Table 28 presents the results of osmopriming on the shoot grovvlh allribules of sandal

seedlings at 90 DAT and 180 DAT. On 90^'^ day after transplanting, the variation in shoot height

of the seedlings were highly significant (F = 10.93, p=0.01) whereas the collar girth variation was

non-significant due to PEG priming (F = 1.98, p = 0.14). Among the six PEG priming treatments

the PEG priming at 5% for 3 days produced the maximum shoot height whereas the remaining

treatments were on par with control. The collar girth of the seedling obtained after osmopriming

at different concentrations and durations were higher than that of the non-primed seeds. The collar

girth of the seedlings obtained from the seeds subjected to osmopriming were at par. Tlie variations

in shoot height (F=230.56, pH).01) and collar girth (F=25.50, p=0.01) were highly significant in

osmoprimed seeds at 180 DAT. At 180 DAT, the highest shoot height were obtained in seeds

osmoprimed at 5% for 3 days (20.90 cm), while seedlings osmoprimed atIO% for 6 days recorded
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the lowest value of shoot height (17.27 cm). The highest collar girth of the seedlings was recorded

in seeds subjected to osmopriming at 15% for 3 days which was on par with the seeds osmoprimed

at 5% and 10% for 3 days.

The variation in leaf area of the seedlings due to osmopriming was found to be highly

significant (F = 5.83, p=0.01) at 90 DAT. The leaf area of the seedlings from seeds subjected to

PEG priming at 10% for 3 days (6.98 cm") showed the highest value which did not have significant

difference from the leaf area of non-primed seeds (6.04 cm~), whereas the leaf area of seeds

subjected to PEG priming at 5% for 3 days (2.30 cm~) recorded the lowest value and varied

significantly when compared to the leaf area of non-primed seeds. The leaf area of the seeds

subjected to PEG priming at 15% and 20% for 3 days were also found to be on par with the highest

of the leaf area recorded in PEG priming at 10% for 3 days. Similarly, there was high significant

difference in the leaf areas of sandal seedlings due to osmopriming at 180 DAT (F=7.07, p=0.01).

During the 6^^ month of observation, the seedlings germinated from the seeds subjected to

osmopriming at 10% for 3 days showed the highest value of leaf area (9.22 cm"), while the

seedlings germinated from the seeds osmoprimed at 5% for 3 days showed the lowest leaf area

(5.80 cni^). Although the leaf area of seedlings osmoprimed at 10% and 20% for 3 days and non-

primed seeds were on par, these were found to be on par with leaf area of seeds osmoprimed at

15% for 3 days.

The number of leaves per seedling also showed significant variation due to PEG priming

treatments (F = 3.15, p = 0.01). At 90'^ day after transplanting the maximum number of leaves

were produced by seeds subjected to PEG priming at 20% for 3 days (13.33) followed by seeds

subjected to PEG priming for 5% for 3 days (12.33), ̂^■herein the former had a significant increase

over the control (8.33) and the latter was found to be on par with the control. The least number of

leaves were produced from seeds subjected to osmopriming at 5% for 6 days. At 180 days after

transplanting also, the variation in leaf number was highly significant in the seedlings germinated

from PEG mediated osmoprimed seeds (F=6.97, p=0.01). Leaf number was the highest in the

seedlings germinated from seeds osmoprimed at 5% for 3 days (17.25), and lowest in the seedlings

genninated from seeds osmoprimed at 5% for 6 days (10.50). The number of seedlings PEG

primed at 5, 10, 15 and 20% for 3 days were found to be on par and performed superior over
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control. Even though, the seeds osmoprimed at 15 and 20% for 3 days having higher leaf number

than the non-primed seeds, the values were at par.

The effect of osmopriming on the root parameters and total seedling length of sandal

seedlings presented in Table 29. The results indicated that the root length showed significant

variation due to different osmopriming treatments at 90 DAT (F = 3.46, p = 0.02). Tlie root length

of the control seedlings (4 cm) was found to be greater than that of the osmopriming. Although the

non-primed seeds performed better over the primed seeds, the root length of the seeds osmoprimed

at 5% and 20% for 3 days were found to be on par with tlie control. In addition, the number of

lateral produced by the seedlings exhibited no significant variation due to the different treatments

in osmopriming (F = 0.79, p = 0.52). The number of lateral roots produced by different

osmopriming treatments were found to be on par with that of the non-primed seeds. At 180 DAT,

the average root length was the highest in the seeds subjected to PEG priming at 10% for 3 days

(7.35 cm) and seedlings from seeds osmoprimed at 5% and 10% for 6 days recorded the lowest

root length (5.35 cm) and the seedlings primed at 3, 6, 9 and 12 days were on par with respect to

root length. The variations in root length (F=5.99, p=0.01) were highly significant in osmoprimed

seeds, while the variations in number of lateral roots were not significant (F=1.28, p=0.30).

The seedling length showed significant variation due to osmopriming (F = 10.81, p = 0.01)

(F=26.76, p=0.01) at 90 and 180 days after transplanting. Total length of seedling in different

osmopriming treatments varied from 16.9 cm in seeds osmoprimed at 15% for 3 days to 20.56 cm

in seeds osmoprimed at 5% for 3 days where the latter was found to be on par with the seedling

length of the control (18.56cm).

At 180*'' day after transplanting, the highest seedling length was recorded by seedlings from seeds

subjected to PEG priming at 10% for 3 and 6 days (28.15 cm) which was on par with that of the

seeds primed at 5% for 3 days (27.10 em). Whereas, the seeds primed at 15% for 3 days were

found to be on par with that of the non-primed seeds.
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The fresh weight of the different components of sandal seedlings at 90 and 180 DAT are

presented in the Table 30. The leaf weight of the sandal seedlings at 90 DAT showed significant

variation due to osmopriming treatments (F = 2.57, p = 0.04).The highest leaf weight was produced

by seedlings from seeds subjected to PEG priming at 5% for 3 days (0.31 g) and it was par with

osmopriming at 10% for 3 days (0.28 g), 5% for 6 days (0.28 g) as well as with that of the non-

primed seeds (0.27 g). The trend in the variation of shoot weight due to different osmopriming

treatments were found to be synonymous to that of the leaf weight. Contradictory to the results of

leaf weight, the shoot weight produced by the seeds subjected to osmopriming treatments

performed better than non-primed seeds whereas no statistically significant variation was recorded

in the root weight of the seedlings due to osmopriming treatments (F = 0.39, p = 0.86). The root

weight produced by the seeds exposed to different osmopriming treatments were found to be on

par with that of tlie control. Variation in total fresh weight of the seedlings due to osmopriming

similar to that of root weight having non-significant variation among treatments (F= 2.27, p=0.90).

Although the total fresh weigh recorded highest value in seedlings osmoprimed at 5% for 3 days,

it was found to be on par with the total fresh weight of seedlings primed at 10% for 3 days and

seedlings primed at 5 and 10% for 6 days. The results were indicating that osmopriming could not

impart considerable increment in the fresh ueighi of the sandal seedlings at 90 days after

transplanting.

With regard to the variations in fresh weight of the seedlings at 180 DAT, the leaf (F=18.16,

p=0.01), shoot (F^l 5.79, p^O.Ol) and root Ifesh weight (F=3.36, p=0.01) of sandal seeds subjected

to different osmopriming treatments had high statistical significance. Although, the average leaf

weight was found to be highest in seedlings subjected to osmopriming at 5% for 3 days (1.12 g)

similar to that at 90 DAT, the leaf weight of the non-primed seeds (0.85 g) was found to be superior

over the rest of the osmopriming treatments and the values were found to be on par with each other

at 180 DAT. Contrary to the results of leaf weight, the shoot weight of the seeds subjected to

different osmopriming treatment was superior over the non-primed seeds, where the later recorded

the least value of shoot weight indicating that the effect of osmopriming was found to be beneficial

in increasing the shoot weight at both the intervals. The seedlings subjected to PEG priming at

10% for 3 days recorded the highest shoot weight (0.70 g) whereas the seedlings of control

recorded the lowest value (0.57 g). The seeds subjected to osmopriming at 5% and 15% for 3 days
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and seeds subjected to osmopriming at 5% for 6 days were found to be on par with each other at

180 DAT.

Contrary to the results obtained at 90 DAT, the highest average value of root weight was

recorded in seeds subjected to PEG priming at 20% for 3 days (0.44 g) at 180 DAT which was

found to be on par with seeds osmoprimed at 5 and 15% for 3 days as well as seeds primed at 10%

for 6 days. The seeds subjected to osmopriming at 5, 15 and 15% for 3 days and 10% for 6 days

were found to be on par with that of the control seedlings at ISO DAT. During the observations

made at 6^^ month, variations in total fresh weight of tlie sandal seedlings among different

osmopriming treatments exhibited highly significant variations (F= 1 1.22, p=0.01) where the total

fresh weight ranged from 1.76 g in seedlings osmoprimed at 10% for 6 days to 2.16 g in seedlings

osmoprimed at 5% for 3 days. It can be interpreted from the results that osmopriming with PEG

for 3 days imparted a significant increase in the total fresh weight (2.16 g) of the sandal seedlings

compared to control (1.82 g).

The results of the etTect of osmopriming on die seedling dry weight of sandal seedlings at 90 and

180 DAT are presented in Table 31. Analysis of variance indicated that variation in leaf dry weiglit

due to different osmopriming treatments was significant at 90 (F = 4.17, p = 0.01) and 180 DAT

(F=39.40, p^O.Ol). During 3^** month, the highe.sl leaf weight (0.08 g) was obtained from seeds

subjected to PEG priming at 5% and 20% for 3 days while the minimum dry weight was recorded

in seeds osmoprimed at 10% for 3 days. The variation in shoot dry weight (F = 0.75, p =0.61) and

root dry weight (F = 0.90, p = 0.51) of the sandal seedlings due to osmopriming the treatments

followed a similar trend. Significant variation was not observed in both the characteristics due to

priming treatments. The values of shoot and root dry weight of sandal seedlings subjected to

different osmopriming treatments were on par with that of control. Simultaneously the total dry

weight of the seedlings also exhibited non-significant variation due to osmopriming treatments (F

= 1.35, p = 0.29) at 90 days after transplanting.
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Contrary to the results of 3"^ month, the shoot (F=6.49, p=0.01), root (F=5.90, p=0.01) and total

dry weight (F=27.52, p=0.01) were all found to be highly signiticant at 6*^ month. It is evident

from the results that on the 180"^ day after transplanting, the seeds primed at 5% for 3 days and

non-primed seeds recorded the highest average leaf (0.26 g), shoot (0.20 g), root (0.15 g) and the

total dry weight (0.60 g). The results indicated that the osmopriming treatments could not impart

a considerable increase in the dry matter accumulation of the sandal seedlings over the control

seeds. Eventhough, the non-primed seeds exhibited a superior performance over the seeds

subjected to osmopriming treatments, the seedling dry weight of seeds subjected to PEG priming

at 5% for 3 days were found to on par with the non-primed seeds.

4.5.8. Effect of osmopriming on the growth analysis indices of sandal seedlings

Table 32 presents the result of growth analysis indices of sandal seedlings such as specific

leaf area, specific leaf weight, leaf area ratio and leaf weight ratio. At 90 days after transplanting,

the specific leaf area of the sandal seedlings was the highest in seedlings from seeds osmoprimed

at 10% concentration for 3 days (155 cm- g"')and the lowest value was recorded in seeds subjected

to PEG priming at 5% for 3 days (26.56 cm^ g*') indicating a highly significant variation due to

priming. The non-primed seeds recorded a significantly higher specific leaf area of (101.06 cm^g"

') over the seeds subjected to different osmopriming treatments except the osmopriming at 10%

for 3 days. Although, the highest specific leaf area recorded in seeds osmoprimed at 10% for 3

days, the specific leaf weight was the lowest.

At 180 DAT, specific leaf area (F=I4.75, p=O.OI) and specific leaf weight (F=I1.60,

p=0.01) e.xhibitcd highly significant variation. The highest specific leaf area was observed in the

seedlings from seeds subjected to osmopriming for 3 days at 20% concentration (61.02 cm^g"').

However, the seeds subjected to PEG priming at 5% for 3 days as well as 10% for 6 days recorded

lower values of specific leaf area compared to control. On the contrary the seeds subjected to PEG

priming at 5% (0.05 g cm"") recorded the highest value for specific leaf weight whereas, the seeds

primed at 20% for 3 days (0.02 g cm'-) recorded the lowest value.
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The leaf area ratio of the seedlings recorded a definite trend in variation due to

osmopriming treatments (F = 4.55, p=O.Ol) at 90 days after transplanting. The seeds osmoprimed

at 10% for 3 days recorded the highest leaf area ratio (53.74 cm- g"') and the lowest value was

recorded in seeds osmoprimed at 5% for 3 days (10.54 cm- g''). All the other treatments recorded

values which were on par with that of non-primed seeds. The leaf area ratio (F=9.74, p=0.01) at

180 DAT of the seedling from different osmopriming treatments followed a similar pattern as that

of the specific leaf area at 180 DAT where the seeds subjected to PEG priming at 20% recorded

the highest leaf area ratio (21.05) and the seeds primed at 5% (9.89) recorded the lowest value.

The leaf weight ratio significantly varied due to priming treatments at 90 DAT. The highest

leaf weight ratio was recorded in seeds subjected to PEG priming at 20% for 3 days and the

smallest ratio was recorded in seeds subjected to PEG priming at 10% for 3 days. As far as the leaf

weight ratio (F=9.19, p=0.01) is concerned, at 180 DAT the seeds primed at 5% of PEG for 3 days

recorded the highest value (0.44) which was found to be on par with the values of seeds primed at

5 and 10% for 6 days as well as with the non-primed seeds.

The effect of osmopriming on the root: shoot ratio is presented in Table 37. The root: shoot

ratio of the sandal seedlings recorded a non-significant variation due to osmopriming treatments

at 90 DAT (F = 1.22, p^ 0.35). The ratio of the seedlings obtained from seeds subjected to different

osmopriming treatments were on par with that of the value recorded by the control seedlings.

Whereas, the values of root: shoot ratio (F=2.62, p=0.04) were observed to have significant

variation at five per cent level at 180 DAT. The ratio was highest in the seedlings osmoprimed at

5% for 6 days (0.85), which was found to be on par with the values of seeds subjected to PEG

priming at 5, 10 and 20% for 3 days as well as with the non-primed seeds.

Significant variation was observed in the vigour index I (F = 57.88, p=0.01) and vigour

index II (F = 3.25, p = 0.03) of the sandal seedlings due to different osmopriming treatments. The

seeds subjected to different osmopriming treatments recorded significantly higher values over the

non-primed seeds. A similar pattern observed in case of vigour index II where the vigour index

values of the treatments were significantly higher than that of the vigour index of the non-primed

seeds (Table 34). The results revealed that the seedling primed at 5% for 3 days recorded the

highest value of vigour index I (1604.20) and the seedlings of control recorded the lowest value

(840.26). Similarly the vigour index II was found to be the highest in seedlings primed at 5% for

83

[o^



3 days (0.16) and the lowest in the seedlings of control (0.08). Hence, it can be concluded that six

osmopriming treatments could impart a significant increase in the vigour of seedling growth.

Table 33. Effect of osmopriming on the root: shoot ratio of sandal seedlings at 90 and 180 days
after transplanting

Osmopriming Root: Shoot Ratio

Duration

(Days)

Concentration

(%)
90 DAT 180 DAT

3

5 1.05 ±0.24 0.56 ±0.02*^

10 0.91 ±0.29 0.79 ±0.11"''

15 0.73 ±0.14 0.77 ±0.10"''

20 0.62 ±0.18 0.65 ± 0.06"''

6
5 0.98 ±0.13 0.85 ± 0.06"

10 0.76 ±0.11 0.56 ±0.05"

0 (Contro) 1.20 ±0.02 16.99 ±0.52'-*

Values within the same column with similar superscripts are
homoeenous

Table 34. Effect of osmopriming on the vigour indices of sandal seedlings

Osmopriming
Vigor Index
II

Duration Concentration Vigor Index I
(Days) (%)

5 1604.20 ±27.14" 0.16 ±0.02"

3
10 1307.20 ±51.73" 0.12 ±0.04""*'

15 1318.20 ± 15.60"^ 0.14±0.01""

20 1388.40 ±32.47" 0.15±0.01''"

6
5 1183.20 ±22.67'' 0.10±0.0I"''

10 1257.92 ± 10.79^" 0.12 ±0.01""^

0 (Contro) 840.26 ±47.82" 0.08 ± 0.08"

Values within tlie same column with similar superscripts are
homoaenous

Table 35 shows the effects of osmopriming on absolute growth rate (F=1.00, p=0.46),

relative growili ratio (F=1.00, p=0.46) and net assimilation rale (F=2.75, p=0.05) of sandal

seedlings at 180 DAT. The absolute growth rate showed similar values in all osmoprimed

seedlings and non-primed seedlings (0.001 cm day'') obviously indicating that these were all on-

par with each other. Similarly, the relative growth rate also showed similar values in both

osmoprimed and non-primed seedlings (0.01 g g'' day"') indicating that the osmopriming

treatments could not contribute to the relative gro\vth rate of the seedlings. The values of net

assimilation rate also showed that seedlings osmoprimed at 10% for 3 days had highest values

84

[olf



(0.05 g cm'- day') whereas, the other treatments recorded values slightly lower than and identical

to the value of non-primed seeds.

Table 35. Effect of osmopriming on the growth analysis indices of sandal seedlings

Osmopriming
Absolute

Growth Rate

(cm day'')

Relative

Growth Rate

(gg' day')

Net

Assimilation

Rate

(g cm*^ day')

Duration

(Days)
Concentration

(%)

3

5 0.001 ±0 0.01 ±0 0.02 ±0."

10 0.001 ±0 0.01 ±0 0.05 ±0«

15 0.003 ±0 0.01 ±0 0.03 ±0^

20 0.001 ±0 0.01 ±0 0.02 ±0^

6

5 0.002 ± 0 0.01 ±0 0.03 ±0^"

10 0.003 ±0 0.01 ±0 0.02 ±0^

0 (Control) 0.004 ± 0 0.01 ±0 0.03 ±0^

Values within the same column with similar superscripts are homogenous

4.5.9 £0*601 of osmopriming on the chlorophyll content of sandal seedlings

The variation in chlorophyll content of the leaves at 180 DAT also showed significant

difference due to osmopriming (F=115.26, p=0.01). The average chlorophyll content was lowest

in seeds osmoprimed for 3 days at 20% (14.40 mg g"') and the highest chlorophyll content was

recorded in the non-primed seeds (26.90 mg g"'). The only treatments that were on par were tlie

seeds osmoprimed at 15% for 3 days and seeds osmoprimed at 5% for 6 days.
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Table 36. Effect of osmopriming on the chlorophyll content of sandal seedlings

Osmopriming
Chlorophyll
(mg g-')Duration

(Davs)

Concentration

(%)

3

5 24.90 ± 0.49*'

10 22.93 i0.2E

15 18.20 ±0.20^

20 14.40±0.20f

6
5 18.26 ±0.76'*

10 15.93 ±0.46^

0 (Control) 26.90 ±0.41"

Values within the same column with

similar superscripts are homogenous

4.5.10. Effect of chemical priming on growth attributes and biomass production of sandal

seedlings

Tlie effect of chemical priming with MnS04 on the growth and biomass production of

sandal seedlings are presented in Tables 37 to 41. The results indicated that the variation shown

due to chemical priming in the shoot height was highly significant at 90 (F=5.88, p=0.01) and at

180 DAT (F=14.49, p=O.Ol). The highest shoot height was recorded by seeds subjected to

chemical priming at 1 M for 3 days (16.76 cm) and the shoot height was the lowest in seeds primed

at 0.4 M for 3 days (12 cm). Shoot height of the seeds subjected to chemical priming at 0.4 M for

9 days was found to be on par with that of the seeds subjected to chemical priming at 1 M for 3

days. The results of the shoot height on 180 DAT clearly indicates that the shoot height of the

sandal seedlings found to increase with increase in the concentration of MnSO^ for a priming

period of 3 days with the maximum shoot height (21.87 cm) obtained from seeds primed at 1 M

for 3 days, after which a decreasing trend was followed. It is also evident that, except the seeds

primed at I M for 3 days and 0.6 M lor 9 days, every other treatments belonging to chemical

priming has recorded shoot height which was on par with the shoot height of the non-primed seeds.

Similar observations were recorded in the collar girth of sandal seedlings from seeds subjected to

various chemical priming treatments attributing to a highly significant variation in collar girth at

90 (F=5.39, p=0.01) as well as at 180 DAT (F^21.06, p=0.0I). It is evident from the results tliat at

90 DAT chemical priming with MnS04at 1 M concentration at all the four durations imparted an

increase in the collar girth of the seedlings. On the other hand, at 180 DAT, the collar girth of the

seedlings were found to decrease constantly with an increase in the priming concentration as well
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as duration with maximum collar girth recorded in seeds primed at 0.4 M for 3 days (9.07 mm)

and the minimum being observed from seeds primed at 1 M for 9 days. However, the collar girth

of the primed seeds were found to be higher than that of the non-primed seeds.

The results of the effect of chemical priming on the leaf area and leaf number of sandal

seedlings indicated that the leaf area in sandal seedlings showed highly significant variation (F =

3.16, p ̂  0.01) while the variation was significant at 5% level (F = 2.36, p = 0.03) in leaf number

per seedling at 90 DAT. The highest leaf area was recorded in seeds subjected to chemical priming

at 0.9 M for 9 days (6.94 cm") while seeds subjected to chemical priming at 0.4 M for 9 days (2.05

cm-) recorded the lowest value. The treatment which produced highest leaf area was found to be

on par with seeds primed at 0.6m for 9 days, seeds primed at 0.6 M, 0.8 M and I M for 3 days,

seeds primed at 0.4 M and 0.8 M for 6 days as well as with the leaf area of non-primed seeds.

During the 6^ month after transplanting, the leaf area of the sandal seedlings which recorded a leaf

area of 7.04 cm- in seeds primed at 0.4 M for 3 days was found to attain a peak value of 14.73 cm-

in seeds primed with MnS04 at 0.4 M for 6 days beyond which a highly significant (F= 12.26,

p=O.Ol) decrease in the leaf area of the seedlings were noticed with an increase in the priming

duration. In addition, the leaf area of the non-primed seeds were found to be on par with the leaf

area produced by most of the chemical priming treatments except chemical priming at 0.8 M for 3

days, 0.4 M for 6 days and 1 M for 6 days.

The highest average value of leaf number was recorded in seeds chemical primed at 0.8 M

for 9 days (13.33) whereas the lowest record of leaf number was observed in seeds subjected to

chemical priming at 1 M for 9 days (7), except which all other treatments recorded a higher leaf

number over control (8.33) (F=3.16, p=0.03). On the other hand, besides the very high significant

(F=5.6l, p=0.0l) variation in leaf number when observed at 180 DAT due to chemical priming

treatments, no definite pattern could be extracted. The duration of the priming process did not

affect the number of leaves produced per plant whereas, the leaf number of the primed seeds were

found to be higher than that of the leaf number produced by non-primed seeds (13) except the

seeds chemical primed at 1 M for 6 days (11) as wells as for 9 days (9.50).
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With regard to the root length, statistically significant variation was not observed due to

the etTect of treatments at 90 DAT (F=1.75, p=0.11) whereas it recorded significant variation at

180 DAT (F=50.82, p=0.01). During the 3"^ month after transplanting, the root length obtained as

a result of different chemical priming treatments were found to be on par with that of the non-

primed seeds indicating that chemical priming did not induce significant increase in the root length

of the sandal seedlings. Although the root length of the seedlings showed highly significant

variation at 180 DAT, the seeds subjected to different chemical priming treatments for a duration

of 9 days recorded values lower than the non-primed seeds. Contradictory to the highly significant

variation observed in number of lateral roots produced among the treatments, the highest lateral

root number was recorded by the non-primed seeds (7 nos.). Hence, it can be concluded that the

chemical priming of sandal seeds negatively impacted the production of lateral roots in sandal

seedlings. On the contrary, the number of lateral roots produced by seedlings did not vary

significantly due to chemical priming treatments when observed at 180 DAT {F=0.91, p=0.54).

The number of lateral roots produced by all chemical priming treatments as well as the non-

priming treatments were found to be on par.

The seedling length at 90 DAT exhibited significant variation (F=4.06, p=0.01) due to

different treatments with the highest average seedling length (19.93 cm) recorded in seeds

subjected to priming at 1 M concentration for 3 days which was found to be on par with the seedling

length produced by the seeds subjected to chemical priming at 0.4 M and 0.8 M for 9 days. Keeping

these treatments aside, the seedling length obtained from non-primed seeds were higher over that

produced by the rest of the chemical priming treatments. Tlie seedling length (F=98.86, p=0.01)

of tlie sandal seedlings at 180 DAT showed very high significant variation among treatments. The

variation in the seedling length of sandal were greatly influenced by chemical priming treatments

such that every chemical primed seeds recording a higher seedling length compared to control and

the highest being obtained from seeds subjected to chemical priming at 1 M for 3 days (29.1 cm).

Eventhough the chemical priming treatments were found to be superior over control, a

significantly greater seedling length were produced by seeds primed for a duration of three days

and the lengtli decreased with increase in priming duration.
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The effect of chemical priming on the fresh weight of leaf (F = 3.52, p = 0.01), shoot (F =

11.49, p = 0.01), and root (F = 16.19, p = 0.01) and total fresh weight (F==17.37, p^O.Ol) of the

sandal seedlings due to different chemical priming treatments exhibited significant variation at 90

DAT (Table 39). While the seeds subjected to chemical priming at 0.8 M for 9 days recorded the

highest value of leaf weight (0.29 g), a steep decrease was observed in the shoot weight (0.21 g)

and root weight (0.12 g) of these seeds whereas the seeds subjected to chemical priming at 1 IVI

for 3 days exhibited superior results in the fresh weight (Leaf weight=0.28 g, shoot weight=0.27 g

and root weight = 0.27 g) of the seedlings over the other treatments and control. The total fresh

weight of the seedlings subjected to chemical priming varied from 0.48 g in seeds primed at 0.8

and 1 M for 6 days to 0.83 g in seeds primed at 1 M for 3 days. The total fresh weight of the

seedlings subjected to chemical priming at 0.4 M for 3 days was found to be on par with the seeds

primed at 0.6, 0.8 and 1 M for 6 days, seeds primed at 0.4, 0.6 and I M for 9 days as well as with

control. This indicated that the seeds subjected to chemical priming at I M for 3 days has positively

benefitted the growth of sandal seedlings.

The fresh weight of the leaf (F=99.50, p^O.Ol), shoot (F=42.90, p=0.01), root weight

(F= 15.04, p=0.0l) and total fresh weight (F= 51.08, p=0.01) exhibited significant variation among

treatments due to chemical priming at 180 DAT. According to the results, the highest average

value of leaf weight was observed in seeds primed at 0.4 M for 3 days (1.03 g) and the lowest was

observed in seeds primed at 0.8 M for 6 days (0.32 g), whereas the shoot weight recorded the

highest value in seeds primed at 0.8 M for 6 days (0.61 g) and the lowest value was recorded in

seeds primed at 0.4 M for 3 days (0.36 g). On the other hand, the root weight was highest in seeds

primed at 0.8 M for 8 days (0.49 g). Hence, the results indicate that the fresh weight of the seedlings

were independent of the chemical priming treatments. Even though the non-primed seedlings

recorded the highest total fresh weight (1.82 g), the seedlings subjected to chemical priming at 0.4

M for 3 days recorded value (1.75 g) which was comparative to that of the non-primed seeds and

the values were on par. Overall, the chemical priming could not benefit to improve the fresh weight

of the seedlings when compared to non-primed seeds.
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The results of effect of chemical priming on the leaf dry weight (F - 3.13, p=0.01), shoot

dry weight (F = 2.51, p = 0.02), root dry weight (F = 3.60, p=0.0!) and the total dry weight (F =

5.64, p-0.01) of the seedling displayed a significant variation among treatments at 90 DAT.

Chemical priming of sandal seeds at 0.6 M for 3 days has resulted in the maximum dry weight of

leaf (0.11 g), shoot (0.07 g), root (0.08 g) and the seedling (0.26 g) whereas the seeds chemical

primed at 1 M for 6 days recorded the least values of the leaf (0.05 g), shoot (0.05 g) and root (0.04

g) dry weight. Meanwhile the seeds subjected to chemical priming atl M for 3 days which recorded

very high values of the fresh weight recorded a significantly lower value of the seedling dry weight

which is shown in Table 39.

The analysis of variance confirmed that the dry weight of the leaf (F=10.30, p=0.001), shoot

(F=7.34, p=0.001), root (F=3.46, p-0.002) and the whole seedling (F=14.90, p=0.001) of sandal

exhibits significant variation at 180 DAT. The results presented in Table 40 revealed that the

highest dry weight of different plant parts were recorded in seeds subjected to chemical priming

at 0.8 M for 9 (0.75 g) days followed by seeds subjected to chemical priming at 1 M for 3 days

(0.66 g) indicating that the chemical priming of the sandal seeds using MnS04 at greater duration

has contributed to an increase in tlie dry matter accumulation whereas the priming at lower

durations could not contribute to significant increase in the dry matter production when compared

to the control.

4.5.11. Effect of chemical priming on the grow th analysis indices of sandal seedlings

The specific leaf area of sandal seedlings resulted due to chemical priming exhibited very

high significance among the treatments at 90 (F=3.75, p=0.002)and 180 DAT (F= 10.84, p=0.00t).

The peak value of specific leaf area w^as recorded in seeds primed at 0.6 M for 9 days (106.15 cm"

g"') which was on par with seeds primed at 0.8 M for 9 days (89.83 cm-g*'), 1 M for 3 days (76.97

cnr g'') and non-primed seeds (101.06 cm- g*'). At 180 DAT, specific leaf area recorded the

highest value in seeds primed at 0.4 M for 6 days (68.41 cm^ g'') while the lowest value was

recorded in seeds primed at 0.4 M for 3 days (26.54 cm- g'^).

The variation in specific leaf weight was significant at 5% level at 90 DAT (F=2.36,

p=0.03) whereas the variations recorded were highly significant at 180 DAT (F=6.44, p=0.01). At

the 3"^ month, seedlings exposed to chemical priming at 1 M for 6 days recorded the
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highest value (0.06 g cm'-) of specific leaf weight, whereas the rest of the treatments found to be

on par with the specific leaf weight of non-primed seeds. The specific leaf weight was found to be

the highest in seeds subjected to chemical priming at 0.6 M for 6 days (0.04 g cm'-) and was the

lowest in seeds primed at 0.4 M for 6 days (0.01 g cm'-) during 6*^ month.

During month, leaf area ratio exhibited highly significant variation (F - 3.15, p=0.006)

recording the highest value in seeds primed at 0.8 M for 9 days (37.51 cm^ g"') and the lowest

being recorded by seeds subjected to chemical priming at 0.04 M for 9 days (9.53 cm- g*'). Leaf

area ratio exhibited a large variation (F=11.37, p=0.01) at 180 DAT in the values ranging from

10.37 in seeds primed at 1 M for 6 days to a peak value of 27.58 in seeds primed at 0.4 M for 6

days. Both the highest (27.58 cm^ g'') and lowest values (10.37 cm-g*') of leaf area ratio was found

to have highly significant difference from the leaf area ratio of the non-primed seeds (14.03 cm^

g')-

On the contrary, the statistically significant variation was not observed in the leaf weight

ratio of sandal seedlings due to chemical priming treatments at 90 DAT (F=0.95, p=0.51) as well

as 180 DAT (F=1.68, p=0.10). The leaf weight ratio of the sandal seedlings due to different

chemical priming treatments were found to be non-significant and were on par to each other as

well as with control.

The effect of chemical priming on the root: shoot biomass ratio at 90 DAT and 180 DAT are

presented in Table 42. While the root: shoot biomass ratio recorded a non-significant variation at

90 DAT (F=1.58, p=0.15), it recorded a highly significant variation at 180 DAT (F=3.04, p=0.01).

During the 6^*^ month, the root: shoot biomass ratio was found to be the highest in seeds primed at

0.6 M for 9 days which was found to be on par with seeds primed at 0.4 M and 0.8 M for 9 days,

0.4 M and 1 M for 6 days as well as with the seeds primed at 0.4 M, 0.6 M and 0.8 M for 3 days.
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Table 42. Effect of chemical priming on the root: shoot ratio of sandal seedlings at 90 and 180
days after transplanting

Chemical priming Root I Shoot Ratio

Duration Concentration 90 DAT 180 DAT

(Days) (M)

3 0.4 0.84 ± 0.08 0.98 ±0.12'"'

0.6 !.14±0.08 0.85 ± 0.09"'^

0.8 0.86 ±0.15 0.87 ±0.04^'^

1.0 0.89 ±0.2 0.75 ± 0.06'^''

6 0.4 2.77 ± 1.61 0.92±0.1F^

0.6 0.91 ±0.14 0.57 ±0.06''

0.8 0.44 ± 0.20 0.68 ± 0.06'-"''

1.0 0.81 ±0.01 0.81 ± 0.09"'"'''

9 0.4 0.45 ±0.15 0.98 ± 0.05"''

0.6 0.85 ±0.14 1.07 ±0.03"

0.8 0.69 ±0.18 0.83 ± 0.08"'"=''

1.0 0.62 ± 0.04 0.70 ± 0.08'=''

(0) Control 1.21 ±0.02 0.74 ±0.03''"''

Values within the same colunrn with similar superscripts are
homogenous

The vigour index I (F= 180.53, p=0.01) and vigour index II (F=98.42, p^O.Ol) have

recorded highly significant variation due to chemical priming (Table 43). The highest vigour index

I was recorded in seedlings subjected to chemical priming at 1 M for 3 days (1714.26) and the

lowest being recorded in seeds primed at 0.8 M for 9 days (21.14) indicating that the chemical

priming treatments at 3 days could only impart an increase in the vigour of seedling growth. The

seeds subjected to chemical priming at 0.6 M for 3 days (0.22) recorded the peak value of vigour

index II. In general, most of the chemical priming treatments were found unsuitable to increase

the vigour of seedling growth of sandal.

The results of the effect of chemical priming on the growth indices such as absolute growth rate

(F=2.96, p^O.Ol), relative grovMh rate (F=0.93, p=0.53) and net assimilation rale (F=1.58, p=0.15)

of the sandal seedlings are presented in Table 44. Tlie absolute growth rate of the sandal seedlings

recorded die highest value in seedlings subjected to chemical priming at 0.8 M for 9 days (0.008

cm day"'). Most of the treatments resulted in similar growth rate of the seedlings. The relative

growth rate and net assimilation rate of the seedlings subjected to chemical priming were at par.
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Table 43. Effect of chemical priming on the vigour indices of sandal seedlings

Chemical priming
Vigor Index I Vigor Index 11Duralion

(Days)

Concentration

(M)

3 0.4 1285.60 ±87.86= 0.15 ±0.00=

0.6 1418.50 ± 82.27"^ 0.22 ± 0.02**

0.8 1525.33 ±38.80'' 0.20 ±0.01"

1.0 !714.26± 118.16" 0.17 ±0.00"

6 0.4 205.20 ±4.50=^ 0.02 ± 0.00=^

0.6 64.53 ±2.16'"8 0.01 ±0.00=^

0-8 67.53 ± 1.16f» 0.01 ±0.00='"

1.0 42.40 ± 0.29S 0.00 ± 0.00*^

9 0.4 310.40± 10.41= 0.03 ± 0.00=

0.6 37.66± 1.138 0.00 ± 0.00^

0.8 21.!4± 1.348 0.00 ±0.00^

1.0 21.37±0.528 0.00 ±0.00^

(0) Control 840.26 ±47.82" 0.08 ±0.08"

Values within the same column with similar superscripts are
homogenous

Table 44. Effect of chemical priming on the growth analysis indices of sandal seedlings

Chemical Priming
Absolute

Growth Rate

(cm day')

Relative

Growth Rate

(g g ' day')

Net

Assimilation

Rate

(g cm"- day*')

Duralion

(Days)
Concentration

(M)

3

0.4 0.003 ± 0"" 0.01 ±0 0.03 ± 0""

0.6 0.002 ± 0" 0.00 ± 0 0.02 ± 0"

0.8 0.005 ± 0"" O.Ol ±0 0.03 ± 0""

1.0 0.004 ± ()"" 0.01 ±0 0.03 ± 0""

6

0.4 0.002 ± 0" 0.01 ±0 0.02 ± 0""

0.6 0.002 ± 0" 0.01 ±0 0.03 ± 0""

0.8 0.002 ± 0" 0.01 ±0 0.03 ± 0""

I.O 0.002 ± 0"" 0.01 ±0 0.04 ± 0"

9

0.4 0.002 ± 0" 0.01 ±0 0.02 ± 0**"

0.6 0.002 ±0" 0.01 ±0 0.03 ± 0""

0.8 0.006 ±0" 0.01 ±0 0.03 ± 0""

1.0 0.002 ± 0" 0.01 ±0 0.03 ± 0""

(0) Control 0.004 ± 0" 0.01 ±0 0.03 ± 0""

Values within the same column with similar superscripts are homogenous
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4.5.11. Effect of chemical priming on the chlorophyll content of sandal seedlings

The highly significant (F=223.45, p=0.01) variation observed in Chlorophyll content of the

leaves followed a non-uniform trend, however the seeds subjected to different chemical priming

treatments for a period of 9 days exhibited a significantly lower chlorophyll content compared to

control (Table 45). The chlorophyll content was the highest in the seedlings subjected to chemical

priming at 0.8 M for 3 days.

Table 45. Effect of chemical priming on the shoot
Chemical priming

Chlorophyll
(mg g-')

Duration

(Days)

Concentration

(M)

0.4 25.20 ±0.52-^

3
0.6 25.00 ±0.52'--

0.8 40.46 ± 0.66^

1.0 22.46 ±0.27^

0.4 33.80 ± 0.25^

6
0.6 31.46 ±0.26=

0.8 35.13 ±0.57''

1.0 35.03 ±0.26''

0.4 25.16 ±0.58=

9
0.6 22.20 ±0.60'"

0.8 16.96 ±0.52*^

1.0 18.70 ±0.36^

(0) Control 26.90 ±0.41"

Values within the same column with similar

superscripts are homogenous

growth attributes of sandal seedlings

4.6 Results of Z- test

The Z- lest was conducted to understand the significant difference in the growth attributes

of sandal seedlings at 90 and 180 DAT. The results are presented in the Table 46. The results

indicate that all the growth parameters except leaf fresh weight of the seedlings exhibit very high

significant variation among treatments at 90 DAT and 180 DAT due to different priming

treatments.
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Table 46. Results of Z- test

Parameters Z"test value p- value

Shoot heiaht 15.22 <0.01

Collar girth 35.70 <0.01

Leaf area 9.27 <0.01

Leaf number 14.23 <0.01

Root length 16.90 <0.01

Root number 10.20 <0.0!

Seedling length 17.71 <0.01

Leaf fresh weight L63 0.10

Shoot fresh weight 18.61 <0.01

Root fresh weight 35.69 <0.01

Total fresh weight 42.31 <0.01

Leaf dry Weight 22.66 <0.01

Shoot dry Weiglit 25.62 <0.01

Root dr>' Weight 20.00 <0.01

Total Dry Weiglit 27.27 <0.01

4.7. Relationship among the seed biochemical constituents and seedling attributes of sandal

due to different priming techniques

Correlation matrix was laid out among the seed biochemical constituents and seedling attributes

of sandal for different priming techniques and the results are presented in the following sections.

4.7.1. Correlation between biochemical constituents of hydroprimed seeds with the seedling

growth attributes in sandal

Table 47 depicts the results of correlation analysis between biochemical constituents of

hydroprimed seeds with the seedling growth attributes of sandal at 90 and 180 DAT. The

carbohydrate content of the seeds recorded a positive significant correlation with shoot height

(r=0.832), leaf area (r=0.723) and leaf number (r^O.723) of sandal seedlings at 90 DAT. A highly

significant positive correlation with these attributes were also recorded at 180 after transplanting

also indicating that the total carbohydrate strongly contributes to the leaf area, leaf number and

shoot height of the sandal seedlings. Significant positive correlation in the parameters like root

length (r=0.708), number of lateral roots (0.882), shoot fresh weight (r=0.716) and leaf dry weight

(0.715) with carbohydrate content was obser\'ed at 180 DAT.

The correlation among the protein content of the seed and the seedling growth attributes of

sandal seedlings was mostly negative in hydropriming. There existed significant negative
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correlation among shoot height(r=-0.707), leaf area (r=-0.712), and leaf dry weight (r=-0.739) and

protein content at 90 DAT» whereas, at 180 DAT number of lateral roots (r=-0.807) also was

negatively correlated with protein content. Leaf dry weight did not show any significant correlation

with protein content at 180 DAT.

The correlation among the crude fat of the seeds and the seedling growth attributes were

mostly positive at both intervals. During the 3'"'' month, the root length (r=0.958) and shoot dry

weight (r=0.849) recorded strong positive correlation indicating that the crude fat greatly

contributes to an increase in root length of the seedlings subjected to hydropriming. Meanwhile

the crude fat content was strongly correlated with root weiglit as well as seedling dry weight

revealing that the increase in crude fat content leads to a significant increase in the root weight and

seedling dry weight of sandal.

Table 47. Correlation between biochemical constituents of hydroprinied seeds with seedling
growth attributes

Growth parameters

Days after transplanting

90 180

Carbohydrate Protein Crude Fat Carbohydrate Protein Crude Fat

Shoot Height 0.832' -0.707' 0.693 0.854" -0.818' 0.607

Collar Girth 0.170 -0.039 -0.417 -0.089 0.088 -0.459

Leaf Area 0.723' -0.712' 0.648 0.917" -0.806' 0.547

LeafNumber 0.729' -0.595 0.514 0.863" -0.684 0.609

Root Length 0.331 -0.403 0.958" 0.708' -0.386 0.489

No. of Lateral

Roots

0.615 -0.416 0.499 0.882" -0.807' 0.625

Leaf Fresh Weight -0.200 0.143 0.760' 0.494 -0.330 -0.154

Shoot Fresh

Weight
-0.351 0.394 0.366 0.716' -0.605 -0.021

Root Fresh Weight 0.060 -0.162 0.114 0.538 -0.409 0.944"

Leaf Dry Weight 0.489 -0.739' 0.660 0.715' -0.610 -0.073

Shoot Dry Weight 0.534 -0.224 0.849" 0.352 -0.321 0.945"

Root Dry weight 0.222 -0.231 0.517 0.607 -0.676 0.823'

*' - highly significant at 5% level of significance
*- significant at 5% level of significance
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4.7.2. Correlation bet>vecn biochemical constituents of bioprimed seeds with the seedling

growth attributes in sandal

The results of coirelaiion analysis between carbohydrate content of seeds subjected to biopriming

and the seedling growth attributes differed from that of hydropriming. From Table 48 it can be

concluded that every seedling growth attributes except leaf number, root length and shoot dry

weight are negatively correlated to carbohydrate at 90 DAT, although the correlation was not

significant. Tlie shoot height (r^-0.466) and root dry weight (r=-.415) showed significant negative

correlation with carbohydrate content of the seeds at 90 DAT whereas, leaf number (r= .387)

showed a positive correlation and the degree of correlation was less compared to hydropriming.

The degree of correlation increased with period and at 180 DAT, correlation existed among more

seedling parameter. On the contrary, the root length which recorded a positive correlation with

carbohydrate at 90 DAT exhibited a highly significant negative correlation at 180 DAT. The shoot

dry weight also recorded similar correlation as that of root length. The parameters like shoot height,

root length, number of lateral roots, leaf fresh weight, shoot fresh weight, leaf dry weight, shoot

dry weight and root dry weight of the seedlings were negatively correlated with carbohydrate

content of the primed seeds while leaf number showed positive correlation and the correlation

coefficients were slightly higher compared to initial values. There was no significant correlation

recorded between the protein content and the seedling growth attributes at 90 DAT. But at 180

days after transplanting, the root length, shoot fresh weight and leaf fresh weight, leaf dry weight

and shoot dry weight recorded significant negative correlation with the protein content of the seeds.

The correlation was weak between the crude fat content of the seeds and the seedling growth

attributes at 90 and 180 DAT. At 90 DAT, the leaf number and leaf weight displayed a significant

positive and weak correlation whereas at 180 DAT, the leaf number recorded slightly higher

positive significant correlation while the root weight recorded a negative significant correlation

with crude fat content of the seeds.
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Table 48. Correlation between biochemical constituents of bioprimed seeds with seedling growth
attributes in sandal

Growth parameters

Days after transplanting

90 180

Carbohydrate Protein
Crude

Fat
Carbohydrate Protein

Crude

Fat

Shoot Height -0.466" -0.004 0.247 -0.603" -0.271 0.158

Collar Girth -0.146 -0.110 0.307 0.057 0.152 -0.118

Leaf Area -0.122 -0.006 0.155 -0.324 0.04 0.231

Leaf Number 0.387' -0.051 0.363' 0.459" 0.341 0.367'

Root Length 0.212 0.288 -0.093 -0.560" -0.447' 0.163

No. of Lateral Roots -0.342 -0.186 0.317 -0.626" -0.349 0.169

Leaf Fresh Weight -0.212 -0.195 0.422' -0.504" -0.364' -0.146

Shoot Fresh Weight -0.123 0.041 0.177 -0.470"
0.587"

-0.186

Root Fresh Weight -0.19 0.092 0.349 -0.238 -0.140 -0.447'

Leaf Dry Weight -0.311 -0.247 0.347 -0.523"
0.548"

-0.292

Shoot Dry Weight 0.028 0.064 0.083 -0.501" -0.399' -0.247

Root Dry weight -0.415' -0.290 0.163 -0.381' -0.272 -0.127

" - significant at 1% level of significance
significant at 5% level of significance

4.7.3. Correlation between biochemical constituents of osmoprimed seeds with the seedling

growth attributes in sandal

The results of the correlation betw een the biochemical constituents of osmoprimed seeds

and the seedling growth attributes showed only meager correlations at 90 DAT (Table 49).

Correlation analysis indicated that the shoot fresh weight (r=0.690) recorded a significant positive

correlation with carbohydrate content whereas, the shoot height (r=0.593) was the only parameter

which recorded a positive significant correlation with protein. On the other hand, the crude fat

displayed a negative correlation with the growth attributes of the seedlings wherein the leaf number

recorded significant negative correlation and shoot height (r=-0.812) recorded a highly significant

strong negative correlation indicating that the shoot height of the seedlings marked significant

decrease with an increase in the crude fat content at 90 DAT. At 180 DAT, the leaf (r=0.590),

shoot (r=0.88l) and root dry weight (r=0.630) recorded a highly significant strong positive

correlation with seed carbohydrate content concluding that carbohydrate greatly contributes to an

increase in the shoot dry weight of the seedlings. Meanwhile, leaf fresh weight of the seeds was
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the only parameter showed some degree of correlation with protein content (r=0.612) and it was

positive. Contrary to the results of carbohydrate and protein the crude fat recorded to exhibit highly

significant strong negative correlation with leaf number, shoot height, number of lateral roots

produced, leaf weight, shoot weight, leaf dry weight and root dry weight indicating that the

seedlings obtained from the seeds subjected to osmopriming were negatively affected with an

increase in the crude fat content in the seed.

Table 49. Correlation between biochemical constituents of osmoprimed seeds with seedling
growth attributes in sandal

Growth parameters

Davs after transplanting

90 180

Carbohydrate Protein Crude Fat Carbohydrate Protein Crude

Fat

Shoot Hei.aht 0.453 0.593* -0.812'* 0.535 0.322 -0.808"

Collar Girth -0.022 -0.182 0.039 -0.542 -0.254 0.400

Leaf Area 0.022 -0.020 -0.167 -0.537 -0.220 0.174

Leaf Number -0.!67 0.383 -0.632* 0.439 0.452 -0.827*"

Root Lensth -0.228 -0.04 -0.127 0.487 0.108 -0.633*

No. of Lateral Roots O.lOl 0.224 -0.034 0.539 0.257 -0.777"

Leaf Fresh Weight 0.284 -0.165 -0.356 0.480 0.612" -0.711"

Shoot Fresh Weight 0.690* -0.101 -0.469 0.544 0.530 -0.783**

Root Fresh Weight 0.162 -0.562 0.032 0.179 -0.156 0.073

Leaf Diy Weight -0.021 0.513 -0.299 0.590* 0.491 -0.798"

Shoot Dry Weight 0.184 -0.378 -0.395 0.881** 0.070 -0.574

Root Dry weight 0.354 0.060 -0.569 0.630* 0.358 -0.713"

"-significant at 1% level of significance
*- significant at 5% level of significance

4.7.4. Correlation bet>veen biochemical constituents of chemically primed seeds with the

seedling growth attributes in sandal

The Table 50 presents the result of correlation analysis between the biochemical

constituents of seeds subjected to chemical priming and the seedling growth attributes. The results

revealed that the seedling growth attributes of sandal showed negligible correlation with the

biochemical constituents of seeds with a few exceptions. The carbohydrate content did not show

any significant correlations at 90 DAT, whereas, it showed a highly significant negative correlation

with leaf area (r=-0.644) and a significant negative correlation with leaf number (r=-0.471) at 180

DAT. Meanwhile, the seedling growth was least affected by an increase or decrease in the protein

content at 90 DAT as well as at 180 DAT. The shoot height (r=-0.467) recorded a significant
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negative correlation with crude fat at 90 DAT whereas it recorded a significant positive correlation

with the shoot fresh weight and leaf dry weight at 180 DAT.

Table 50. Correlation between biochemical constituents of sandal seeds primed with MnSO^ with
seedling growth attributes

Growth parameters

Days after transplanting

90 180

Carbohydrate Protein Crude Fat Carbohydrate Protein Crude Fat

Shoot Height -0.192 0.044 -0.467' -0.209 0.241 -0.369

Collar Girth -0.106 0.270 -0.068 -0.018 O.IOl -0.326

Leaf Area -0.073 0.059 0.264 -0.644" 0.396 0.112

Leaf Number -0.306 0.365 0.102 -0.471' 0.028 0.002

Root Length -0.219 0.404 0.019 0.084 0.101 0.109

No. of Lateral Roots -0.124 -0.346 -0.178 -0.104 0.227 -0.205

Leaf Fresh Weight -0.095 0.166 0.228 0.109 0.262 -0.047

Shoot Fresh Weight 0.046 0.326 0.213 0.449' -0.122 0.615"

Root Fresh Weight -0.068 0.199 -0.128 0.025 0.249 -0.481'

Leaf Dr>' Weight -0.310 -0.0 n 0.164 0.392 0.022 0.519"

Shoot Dry Weieht -0.235 0.291 -0.059 -0.055 0.084 0.322

Root Diy weight -0.164 -0.208 0.353 0.248 0.176 0.153

"-significant at 1% level of significance
*- significant at 5% level of significance

4.8. Principal Component Analysis to group the treatment combinations

Principal Component Analysis, a dimension reduction technique was conducted for the 12

seedling growth attributes of sandal at 90 and 180 DAT. The principal component are extracted

based on the Eigen values criteria. From the present study, 12 inter-dependenl variables

transformed to two independent principal components which showed Eigen value greater than 1

were extracted. In both the cases, the first component accounted for the 99 percentage of the

variance and the second component accounted for what was left over. Conjointly the two principal

components explained 100 per cent of the cumulated variability for the characters studied at 90 as

well as 180 DAT which is presented in Tables 51 and 52.

Table 51. Total variance explained by different principal components at 90 days after
Iransplanling

Principal Component Eigen Value Percent Variability Cumulative Percent

Variability

PCI 4.64 99.00 99.00

PC2 1.79 LOO 100.00
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Table 52. Total variance explained by different principal components at 180 days after
transplanting

Principal Component Eigen Value Percent Variability Cumulative Percent

Variability

PCI 5.23 99.00 99.00

PC2 1.74 1.00 100.00

Table 53 represents the factor loadings of different seedling growth attributes of sandal

at 90 DAT. Growth attributes of the seedlings such as leaf area, root number, collar girth, leaf

weight, shoot weight, root weight, leaf dry weiglit and root dry weight had high loadings on the

first principal component (PCI). The second principal component was found to have high loading

from attributes like leaf number, shoot height, root length, and shoot dry weight. The characters

like root number, collar girth, leaf weight, shoot weight, root weight and root dry weight was found

to have negative loading on PC2. Amidst the two principal components, PCI can be explicated as

the biomass traits factor, because it and PC2 can be interpreted as the seedling length factor.

Table 53. Factor Loadings of Different Growth Attributes at 90 DAT

SI No. Variables PCI PC2

1 Shoot height 0.251 0.330

2 Collar Girth 0.340 -0.259

3 Leaf Area 0.286 0.267

4 LeafNumber 0.261 0.404

5 Root Length 0.142 0.331

6 Root Number 0.286 -0.128

7 Leaf Weight 0.380 -0.280

8 Shoot Weight 0.273 -0.217

9 Root Weight 0.355 -0.164

ID Leaf Dry Weight 0.311 0.120

11 Shoot Dry Weight 0.165 0.483

12 Root Dry Weiglit 0.318 -0.253

Figure 13 represents the distribution of seedling growth attributes with respect to the

principal component I and principal component 2. It was observed that PCI was showing high

loading for leaf area, leaf dry weight, root weight and root dry weight whereas shoot dry weight

was positioned away from PCI in the graph. The position of leaf area from the two components
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had no much ditTerence. Meanwhile, the PC2 had high factor loading for leaf number, shoot height,

and root length which were contributing greatly to the seedling length of sandal.
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Figure 13. Distribution of seedling growth attributes based on PCI and PC 2 at 90 DAT

Table 54 depicts the factor loadings of dilTerent seedling growth attributes of sandal at 180 DAT.

Contrary to the results obtained at 90 DAT, the growth attributes of the seedlings which had high

loadings on PCI were root number, collar girth, leaf weight, shoot weight, root weight, leaf dry

weight, shoot dry weight and root dry weight. The second principal component was foimd to have

high loading from attributes like leaf area and leaf number. The characters like root length, leaf

weight, shoot weight, root weight and shoot dry weight was found to have negative loading on

PC2. Amidst the two principal components, PCI can be explicated as the biomass traits factor,

because it and PC2 can be interpreted as the seedling growth factor.

Although characters were reduced to two components at 180 DAT similar to that of 90

DAT, the variation of the growth attributes at 6'*^ month were greatly explained by PC 1. It can be
interpreted from the Figure 16. that the PCI had high loading for characters which determined the

seedling height as well as the biomass production. On the other hand, at 180 DAT PC2 had high

loading for leaf parameters like leaf area and leaf number.
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Table 54. Factor Loadings of Diflerent Growth Attributes at 180 days after transplanting

SI No. Variables PCI PC2

1 Shoot Height 0.381 0.035

2 Collar Girth 0.358 0.129

3 Leaf Area 0.224 0.347

4 Leaf Number 0.207 0.360

5 Root Length 0.383 -0.060

6 Root Number 0.164 0.010

7 Leaf Weight 0.144 -0.415

8 Shoot Weight 0.102 -0.616

9 Root Weight 0.180 -0.379

10 Leaf Dry Weight 0.358 0.055

11 Shoot Dry Weight 0.347 -0.150

12 Root Dry Weight 0.384 0.086
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Figure 14. Distribution of seedling growth attributes based on PCI and PC 2 at
days after transplanting
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4.9 Cluster Analysis

In order to group the treatment combinations, they were subjected to cluster analysis to identify

the most superior treatment.

4.9.1 Cluster analysis of treatments based on seedling growth attributes at 90 days after

transplanting

Hierarchical cluster analysis was conducted to group the 39 treatments (including control) which

led to the formation of 16 clusters at 90 DAT. The cluster XV had the maximum number of

treatments (5), followed by cluster VI and cluster VII (4). Cluster 11, VII, X, XI and XIII contained

only one treatment in each cluster (Table 55). Interpretation of cluster wise means for each attribute

indicated that cluster XIV recorded the highest mean values for shoot height (17.91), root number

(6.66), collar girth (3.05), leaf weight (0.32), root weight (0.23), leaf dry weight (0.09) and root

dry weight (0.07). Mean values of leaf area (9.98) and shoot dry weight (0.09) were highest in

cluster Xin whereas leaf number (13.00) recorded highest value in cluster X. Root length recorded

highest mean value in cluster IX (4.73) and shoot weight was highest in cluster IV.

The treatments within a cluster are said to have minimal variation and the variations

between the treatments in two different clusters will be greater. Hence from the table it can be

interpreted that the treatments biopriming at 25% for 4 days (cluster III), biopriming at 100% for

6 days (cluster VIII), chemical priming at 0.4 M for 3 days (cluster X), biopriming at 50% for 4

days (cluster XI) and biopriming at 100% for 4 days (cluster XV) will exhibit large variation

among themselves as well as the treatments belonging to other clusters. Limited variation was

found to occur between seedlings of control as well as the seedlings subjected to osniopriming at

10% for 3 days.

4.9.2 Cluster analysis of treatments based on seedling growth attributes at ISO days after

transplanting

Hierarchical cluster analysis was conducted to group the 39 treatments (including control)

which led to the fonnalion of 16 clusters at 180 DAT. The clu.ster VII had the maximum number

of treatments (5), followed by cluster XVI (4). Cluster I, II and IX contained only one treatment

in each cluster (Table 56). It can be revealed from the mean values of attributes in each cluster

that, the treatments followed a trend which was contradictory to that found on 90*^ DAT.
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Table 55. Clusters of seedling growth attributes of sandal at 90 days after transplanting

Cluster Number Treatments

Cluster I
Hydropriming 3 days, Biopriming at 25% for 6 days and Chemical priming
at 1 M for 3 days

Cluster 11 Biopriming at 25% for 4 days
Cluster III Biopriming at 25% for 2 days and Biopriming at 100% for 8 days
Cluster IV Biopriming at 50% for 8 days and Biopriming at 75% for 8 days

Cluster V
Biopriming at 50% for 2 days. Chemical priming at 0.6 M for 9 days and
Biopriming at 25% for 8 days

Cluster VI
Biopriming at 75% for 2 days, Chemical priming at 0.8M for 3 days,
Chemical priming at 0.4 M for 6 days and Osmopriming at 15% for 3 days

Cluster VII
Biopriming at 100% for 2 days. Biopriming at 75% for 4 days.
Chemical priming at 0.8 M for 9 days and Osmopriming at 20% for 3 days

Cluster VITI Biopriming at 100% for 6 days
Cluster IX Hydropriming 6 days and Chemical priming at 0.6 M for 3 days

Cluster X Chemical priming at 0.4 M for 3 days

Cluster XI Biopriming at 50% for 4 days

Cluster XII
Biopriming at 50% for 6 days. Chemical priming at 0.6M for 6 days and
Chemical priming at 0.8 M for 6 days

Cluster XIII Biopriming at 100% for 4 days
Cluster XIV Chemical priming at 0.4 M for 9 days, Osmopriming at 5% for 3 days

Cluster XV

Biopriming at 75% for 6 days. Chemical priming at I M for 6 days.
Chemical priming at 1 M for 9 days, Osmopriming at 5% for 6 days,
Osmopriming at 10% for 6 days

Cluster XVI Osmopriming at 10% for 3 days. Control

The mean values of attributes at 180 DAT revealed that cluster XII recorded the highest

mean values for shoot height (23.92), root length (7.80), collar girth (8.60), leaf dry weight (0.35)

and shoot dry weight (0.21) whereas cluster XIV recorded high mean values for leaf area (14.29)

and root weight (0.44). Cluster 11, IV, V and XI recorded highest mean values for leaf weight

(0.82), root number (3.62), leaf number (21.37) and shoot weight (0.62) and shoot dry weight

(0.21), respectively.

The grouping of treatments based on the seedling performance at 180 DAT indicated that

hydropriming for 3 days (Cluster I), hydropriming for 6 days (Cluster II), biopriming at 50% for

4 days (Cluster IX) had the maximum variation due to the individual grouping these treatments.

Contrary to the results of 90 DAT, the grouping of treatments at 180 DAT indicated that the

seedlings of control recorded least variation with seedlings subjected to chemical priming at 0.8

M for 6 days and 0.6 M for 9 days. These results further indicate lliat during 3'"'' month control was

found to be on par with one of the treatments which appeared to be superior in performance,
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whereas al 6'*^ month, the priming treatments performed better over control grouping it with poor

performing treatments.

Table 56. Clusters of seedling growth attributes of sandal at 180 days after transplanting

Cluster Number Treatments

Cluster I Hydropriming 3 days
Cluster 11 Hydropriming 6 days
Cluster III Biopriming at 25% for 2 days and Biopriming at 25% for 6 days

Cluster rV Biopriming at 50% for 2 days and Chemical priming at 0.8 M for 9 days

Cluster V
Biopriming at 75% for 2 days. Chemical priming at 0.6 M for 3 days and
Chemical priming at 0.4 M for 9 days

Cluster VI
Biopriming at 100% for 2 days, Biopriming at 25% for 4 days and
Osmopriming at 20% for 3 days

Cluster VII

Biopriming at 100% for 4 days, Chemical priming at 0.4 M for 3 days,
Biopriming at 50% for 6 days. Chemical priming al 0.6 M for 6 days and
Osmopriming at 15% for 3 days

Cluster VIII
Chemical priming at 0.8M for 6 days, Control and Chemical priming at 0.6
M for 9 days

Cluster IX Biopriming at 50% for 4 days

Cluster X Biopriming at 75% for 6 days and Osmopriming at 5% for 3 days

Cluster XI
Biopriming at 75% for 4 days, Biopriming at 25% for 8 days and
Osmopriming at 10% for 3 days

Cluster XII Biopriming al 75% for 8 days and Chemical priming at 1 M for 3 days

Cluster XIII
Biopriming at 25% for 8 days, Biopriming at 50% for 8 days and Biopriming
at 100% for 8 days

Cluster XIV
Chemical priming at 0.8 M for 3 days and Chemical priming at 0.4 M for 6
days

Cluster XV Hydropriming 9 days and Hydropriming 12 days

Cluster XVi
Chemical priming at 0.4 M for 9 days, Osmopriming at 10% for 6 days,
Osmopriming at 10% for 6 days and Chemical priming at 1 M for 9 days
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DISCUSSION

The results of the present Investigation on "impact of seed priming techniques on

germination and seedling performance in sandal {Santalum alburn^ L.) are discussed in the

following sections.

5.1 Effect of seed priming techniques on the germination attributes of Santalum album

ElTicient seed germination is important for the propagation of crops. Germination

parameters are considered to be the best indicators of how best a seed lot perform in the field. The

distribution of seedlings in to strong and weak classes in tenns of the time taken to achieve

complete emergence is facilitated by the speed of germination and mean germination time which

contributes to the seed vigour. Seed priming alters the germination process due to improved

hydraulic activity (Bradford, 1986). Metabolic changes like cell cycle related events (De castro et

al., 2000) and mobilization of seed reserves such as storage proteins (Job et al., 2000) may

contribute to enhance germination under the process of priming.

The results of the present study indicated that the sandal seeds subjected to biopriming with

Pseudomoms fluorescens at 100% for 8 days and the seeds subjected to chemical priming with

0.8 M of Manganese sulphate for 3 days recorded the highest germination percentage of 88 per

cent among the 52 priming treatments. The germination percent exhibited by the seeds subjected

to chemical priming at 0.4 M, 0.6 M and I M of manganese sulphate for 3 days were on par with

the gennination percentage of seeds subjected to biopriming with Pseudomonas fluorescens at

25%, 50% and 75% for 8 days. Besides, the higher germination per cent showed by biopriming

treatments over control, the seeds subjected to biopriming for 4 days at different concentrations

were on par with the best treatment. In spite of the highest germination percentage obtained in

chemical primed seeds, the speed of germination of seeds exposed to different chemical priming

treatments (highest value recorded 9.10) were lower than that of seeds subjected to biopriming

(highest value recorded 12.19). The speed of germination of chemical priming treatments were

remarkably higher than control when the seeds were kept for 3 days and found to be very low when

compared to control with an increase in priming duration whereas the speed of germination of

every biopriming treatments were found to be superior over control.

Although the seed exposed to various PEG 6000 priming treatments for 3 days and 6 days

exhibited germination percentage comparative to the superior biopriming treatments, it tend to

have a gradual decrease with an increase in the duration of priming whereas, a sudden decrease
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was observed in the germination percentage of seeds subjected to different chemical priming

treatments with an increase in the duration. The speed of germination recorded by the seeds

subjected to PEG priming though higher than control, were lower than the biopriming and

chemical priming treatments. The seeds subjected to hydropriming exhibited poor germination

percentage and reduced germination speed when compared to control. These results can be further

simplified as the percentage increase or decrease in germination by seed priming treatments over

control. It is obser\'ed that the germination percentage in hydropriming treatments were reduced

by 32.60 per cent when compared to the 46 percent gennination in control which is in conformity

with the results of Le prince eiat., 1994, stating that a decrease in the germination of hydroprimed

seeds may be attributed to the free radical accumulation which fastens the lipid peroxidation during

hydration and subsequent drying.

The biopriming treatments recorded an increase in the a percent germination of sandal

seeds which ranged from 44.93 to 91.30, where the results are in conformity with the findings of

Rodriguez et al.^ 2015, they stated that biopriming of seeds of Abies hickelii with Pseudomonas

JJuorescens increased the germination percent by 91 per cent over control. Studies says that the

increase in the germination ofbioprimed seeds can be attributed to synthesis of plant or tree growth

honnones, enhancement of nutrient availability, and provision of biological control attributable to

the fructification of antibiotics or siderophores (Chanway et ai, 2000 and Dcepa et al.^ 2010). In

addition to increased rate and uniformity of gennination, biopriming protects seeds against the soil

and seed-bome pathogens. Moreover, some bacteria used as biocontrol agents are able to colonize

rhizosphere and support plant in both direct and indirect way after gennination stage (Calian et al.

1997). Soaking of seeds in bacterial suspension initiates the physiological processes in the seed

where plumule and radicle emergence is prevented (Anitha et al. 2012), until the seeds have

temperature and oxygen after being sown.

The chemical priming with MnS04 for 3 days recorded a percent increase of 91.3% in

gennination over tlie germination recorded in control in the present study which is supported by

the reports in safflower and maize (Muhammad et al., 2015), carrot (Muniavar et al., 2013) and

calendula (Mirlotfi et al., 2015), the rate of emergence w^as decreased by 97.00% when compared

to control which is also in confonnity with previous studies which states that longer duration of

priming negatively affects the seed germination. This can be due to increase in Mn toxicity
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occurring the seed due to increased soaking period which prevents germination as weil as further

seedling grosMh as reported in wheat (Burke ef al.^ 1990).

Similarly the percentage increase in germination due to PEG priming was 69.56 percent

which is in line with tlie results obtained in Guazuma ulmifolia (Tay and November, 2010) and

Mimosa bimucronata (Brancalion et al., 2008), loblolly and short leaf pines (Hallgren, 1989) and

Gmelina arborea (Adebisi et al., 2013). On the other hand, the percent decrease in germination

was found to be 92.76% which is similar to the finding in watermelon by Armin et al., 2010 where,

germination percentage of seeds was reduced due to PEG priming. This was assumed as a result

of osmotic effects of PEG ions ascribed to the reduced water intake causing lower germination by

seeds.

5.2 Effect of seed priming techniques on the electrical conductivity of seed leachates

One of the prime objective of seed priming is to lower the electrical conductivity of the

seed leachates, which is associated with the loss of see viability and vigour. (Perry, 1977). Lower

electrical conductivity of seeds indicate the precise integrity of cellular membranes during priming

which reduces the leakage from the cells (Copelandand Mc Donald, 2001). Intense leakage solutes

indicate the defective cell membrane of the non-viable and poor vigour of tree seeds (Smith et al.,

2001; Sukesh and Chandrashekhar, 2011).

Among the 52 treatments undertaken in the present study it was observed that the seeds

subjected to hydropriming for 12 days recorded the highest EC (1.96 dS cm"') and the lowest value

was recorded in seeds subjected to biopriming at 100% for 8 days (0.03 dS cm*'). Hence, it can be

concluded that the electrical conductivity of hydroprimed seeds were directly related to the

increase in priming duration, w-hich indicates tliat the disintegration cell membranes is triggered

by soaking the seeds in water for longer duration. The result of the present study is supported by

the finding of Rinku et al. (2017) where seeds subjected to hydropriming receded higher

conductivity in tomato than control.

The electrical conductivity of biopriming treatments varied from 0.03 dS cm"' to 0.06 dS

cm"'. The results clearly depicted that the reduction in seed leakage resulting in better membrane

integrity in sandal has been achieved through biopriming treatments. This can be attributed to the

enzyme activity induced cell repair. This is line with the finding of Rinku ef al., 2017 where

biopriming was found to have low electrical conductivity values when compared to hydropriming

and control. Farooq ef al., (2011) stated that the priming is beneficial in all cases where the
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electrolyte leakage was reduced compared to untreated seeds which seem due to better membrane

repair during the re-drying process following priming.

The results of electrical conductivity of seed leachates of sandal due to osmopriming

treatments were contradictory to the findings of Ashraf and Foolad, 2005, in which

osmopriming with PEG is reported to reduce the solute leakage. The electrical conductivity of

the PEG priming treatments were comparable to hydropriming treatments and an increase in

concentration of PEG was inversely related to the electrical conductivity of the leachates due

to a reduction of water uptake in the higher concentrations of PEG. The electrical conductivity

of seeds exposed to osmopriming at 5% for days recorded an EC of 1.02 dS cm'' while those

seeds primed at 20% for 3 days recorded an EC of 0.46 dS cm*'. In fact this trend was observed

in each priming duration under osmopriming. This trend which occurs due to reduction of water

uptake was observed in radish and eggplant (Rudrapal and Nakamura, 1988), com (Sung and

Chang, 1993) soybean (Senaratna and Mc Kersie, 1983) and Onion (Choudhery and Basu,

1988). In addition, the EC value was found to be increasing with increase in priming durations.

Tliis was in accordance with finding of Brancaloin et al., 2010 in Gnazuma ulmifolia.

Similar to the biopriming treatments the chemical priming treatments recorded lower

values of EC, but were relatively greater than the biopriming treatments. The values ranged from

0.98 dS cm"' in seeds chemical primed at 0.6 M for 9 days to 0.13 dS cm"' in seeds primed at 0.4

dS cm"' for 12 days. It was also observed that EC of the seeds exposed to chemical priming were

decreasing with increasing duration. The lower EC recorded by chemical priming treatments in

sandal seed leachates was in compliance with the finding ofMirlotfie/^;/., 2015 in Calendula seeds

in which chemical priming with MnSO.} greatly lowered the EC of the seed leachates.

5.2 Effect of seed priming techniques seed biochemical composition

The biochemical constituents of seeds like carbohydrates, proteins and fats play a major

role in enhancing gemiination and resultant seedling growth. Seeds accumulate the chemical

energy produced during photosynthesis as seed reserves of multiple forms, including

carbohydrates, lipids and proteins. The seed reser\'e material content is normally, correlated with

germination percentages or speed of germination (Soriano et al., 2014). For instance, the starch

content was positively correlated with germination rate Cilrullus lanatiis seeds (Wang et al., 20 U )

and the soluble sugars and proteins showed positive correlation with germination percentage of

Medicago tfuncaiula seeds (Vandecasteele et al., 2011), Pinus pinaster (Wahid and Bounoua,
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2013) respectively. However, no significant correlation observed between fat content and

gemiination percentage of Linum usilatissimum seeds (Kanmaz and Ova, 2015), but fatty acid

content was negatively correlated with germination percentage of Gossypiuni spp. seeds

(Hoffpauir et al.^ 1950). Jijeesh and Sudhakara (2016) obtained a high positive correlation for

vigor index and biochemical constituents with crude oil and soluble and total carbohydrates in

Tectona grandis. Collar diameter, number of lateral roots and seedling dry weight were also

correlated with vigor index and biochemical consiitiicnts. Thus, the influence of seed reserves on

germination depends on the amount of reserve and the plant species. High carbohydrate content

in tlie seed is believed to contribute to the greater germination value of seeds (Shanna et al., 2006).

Sandal seeds in the present study recorded large variations in the biochemical constituents with

different seed priming treatments. With regard to carbohydrate content, hydropriming induced a

considerable decrease in the carbohydrate content of the seed which accounted to a 76.69 %

reduction when compared to control. Although osmopriming contributed the greatest increase in

carbohydrate in seeds, not every treatment could impart this increase which was similar in case of

chemical priming treatments too, whereas, each biopriming duration and concentration could

increase the carbohydrate content of the seeds. When compared to control, the percent increment

in carbohydrate was 84.41% in osmopriming, 70.87% in biopriming and 63.10% in chemical

priming.

The protein content of the seeds determines the speed germination and initial growth of

seedlings. During seed development, storage proteins are synthesized in abundance and

accumulate primarily in the protein storage vacuoles of tenninally differentiated cells of embryo

and endosperm. These proteins may play a role in equipping the seed for survival, maintaining a

minimal level of hydration in the dry organism and preventing the denaturation of cytoplasmic

components. They may also play a role during imbibition by controlling water uptake. It was

observed that the protein was mainly mobilized and used during gennination of the legume species

Dalbergia nigni (Ataide et al., 2013). Seeds of Helianthus ammus (Erbas et al., 2016) and

Sterculia urens (Salyanarayana et al., 2011) have high protein and oil content, which decreased

drastically during germination of these two species. The stored proteins are the major source of

reduced nitrogen to the growing seedlings. These stored proteins are found to increase during seed

priming process. The results of the present study revealed that, in osmopriming treatments there

was increase the protein content of the seeds. All the PEG priming treatments were superior to
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control with a percent increase of 60% when compared to control seeds. Biopriming and

osmopriming treatments were found to impart 40% increase in the protein content while few of

these treatments were found to induce a reduction in protein content of the seeds. Hydropriming

followed a different trend from the other priming treatments. Hydropriming for 12 days imparted

a 40 per cent increase in the total protein content of the seeds compared to control seeds, whereas

the rest of the hydropriming treatments were on par with control.

An increment in per cent crude fat compared to control was observed only in seeds

exposed to biopriming at 75% for 6 days and seeds subjected to chemical priming at 0.8 M for 8

days (57%) whereas, rest of llie priming treatments resulted in to a decrease in the crude fat

compared to control (55.35%). The results of osmopriming treatments were contradictory to the

fact that PEG priming promotes for an increase in the fat content of seeds (Inayat-ur-Rahman et

al., 2013). The increased carbohydrate and protein content in the seeds subjected to osmopriming

can be due to the osmoconditioning of seeds which further the cell membrane integration leading

to production of enzymes favouring carbohydrate and protein synthesis in the seeds (Sung and

Chung, 1993).

A decrease in the reserve material of seeds subjected hydropriming can be attributed to the

uncurbed water intake by the seeds during soaking (Taylor ei al., 1998). The results of per cent

crude fat in seeds subjected to hydropriming were ascribed to the findings of study in Korean

Soybean where the fat content remained unaltered after hydropriming (Oh et al.,1992). The

decrease in the fat content of seeds subjected to osmopriming can be due to the conversion of lipids

in to sugars which is common in seeds with greater oil content (Taiz and Zeiger, 2002). The greater

carbohydrate and protein content in the PEG primed seeds can be due to the larger molecular size

of PEG which retards theentry of PEG molecules in to cells preventing the deterioration of enzyme

related activities with cells of seed.

5.4 Effect of seed priming techniques on the seedling growth attributes and biomass

production in sandal at 90 D.AT and 180 DAT.

A major advantage, besides enhanced and uniform gennination, of seed priming is the

promotion of faster growth of young seedlings leading to a reduced nursery period. The results of

the experiments to study the effect of seed priming techniques on the seedling growth and biomass

production in sandal seedlings at 90 and 180 days after transplanting have shown significant

variations among the treatments (duration and concentration) within a priming a technique as well
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as between the difTereni priming techniques. With regard to the shoot and root growth parameters

of the seedlings, it can be concluded that the benefits of priming had been accumulated on the

seedlings emerged from the seeds subjected to biopriming with Paeudomonasfluorescens followed

by chemical priming and osmopriming. Even though, the seedlings subjected to hydropriming

were recording values of seedling growth attributes higher than that of control at 90 DAT, the

growth was found to decrease gradually at 180 DAT on comparison with control. Contrary to this,

the biopriming treatments recorded a sleep increase in the growth of seedlings at 90 and 180 DAT.

Altliough, the results of chemical priming treatments were comparable to the results ofbiopriming

treatments, the values were slightly lower than that of the biopriming. The trend was similar to

Osmopriming treatments. The seedling length was highest in seeds subjected to biopriming

treatments for 8 days. Unlike the results exhibited by hydropriming, osmopriming and chemical

priming, in which the growth was retarded with longer priming duration, the biopriming treatments

exhibited the best growth from the seedlings subjected for longest duration. The highest seedling

length obtained from the present study at 180 DAT was 33.10 cm from seedlings subjected to

biopriming at 100% for 8 days which was 46.5% greater than the seedling length obtained from a

similar study conducted by Das et al. (2013) in West Bengal in the absence ofhost plant, and 7.1%

higher than the seedling length obtained in the presence ofhost plant.

Simultaneously, the fresh weight of the seedlings obtained from different priming treatments were

comparable to that of the fresh weight of the seedlings of control at 90 DAT as well as 180 DAT.

Meanwhile, the seedlings subjected to osmopriming at 5% for 3 days with PEG were shown to

have a highly significant difference than the control (1.82 g) recording the highest seedling fresh

weight (2.16 g) among all the treatments. On the other hand, highest dry weight was recorded in

seedlings subjected to biopriming at 100% for 3 days (0.92 g) and the lowest value was recorded

in seedlings hydroprimed for 9 days. Contradictory to the highest fresh weight recorded by the

osmopriming treatments, the dry weight of the seedlings subjected to osmopriming were lower

than the control. Chemical priming treatments were also recorded an increased initial growth

which declined gradually by the 6^ month. When compared with all the priming treatments it can

be concluded that biopriming with Pseudomonas Jluorescens at 100% for 8 days will be the best

priming treatment for sandal to improve the biometric growth as well as the biomass on the basis

of dry weight. These results were in accordance with the findings reported in sunflower

(Moeinzadeh et al, 2010), pea (Negi et at., 2014) and Acacia hickelii (Rodriguez et al, 2015).
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Reports say that a partial or complete retrogression of the benefits acquired through seed

priming can occur after the redrying of the seeds (Carpenter, 1989, Parera and Cantilife, 1992).

Tiiis reversion, possibly may be due to the decline in cytoplasm viscosity caused by lowering the

concentration of oligosaccharides in cells, thus aggravating the susceptibility of the seeds towards

deterioration process (Buitink et ai, 2000, Brancalion et al., 2010). Hence it can be concluded

from the present study that these may be the reason for the inferior performance of the certain

treatments when compared to control.

The highest seedling length obtained fi-om seedlings subjected to biopriming were similar

to the findings in soybean (Entesari ei oL, 2013) which reported that the priming of seeds with bio-

agents increased the mineral levels (N, P, K), chlorophyll biosynthesis and photosynthetic activity.

Similarly the increased dry matter productivity by the seeds subjected to biopriming can be

correlated to the increased seed protein content. Yadav et al. (2010) reported that the increased

shoot height of the bioprimed seedlings are due to the early emergence of the seedlings, which was

similar to the present study. Biopriming could reduce the seed germination period to 21 days over

the reported 140 days of germination. Study by (Nezarat and Golami, 2009) revealed that the

Pseudomoms Jluorescens are capable of increased nitrogen fixing and phosphate solubalisation

and production of growth promoting substances increasing the dry matter production of the

seedlings.

1. The effectiveness of priming treatments to enhance the germination and seedling growth

attributes of sandal can be presented in the order of:

Biopriming at 100% for 8 days > Biopriming at 50% for 8 days > Biopriming at 75% for

8 days > Biopriming at 100% for 6 days > Biopriming at 75% for 6 days > Chemical

priming at 1 M for 3 days > Biopriming at 50% for 4 days.

5.5 Effect of seed priming techniques on the chlorophyll content of the leaves in sandal

The role of seed priming in imparting an increase in the total chlorophyll content of leaves

are least explored. From the present study, it can be concluded that the chlorophyll content of the

leaves were found to be increased in case of seedlings subjected to chemical priming as well as

biopriming, whereas the chlorophyll content was diminished in seedlings subjected to

hydropriming and osmopriming. The highest content of chlorophyll was observed in the seedlings

subjected to chemical priming with MuSOa for 3 days which can be attributed to the role of Mn in
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chlorophyll production (Anderson and Pyliotis, 1996). The increased chlorophyll content in the

leaves of seedlings subjected to biopriming may be attributed to the production of plant hormones

which triggers the cell metabolic activities as reported in Abies hickelii (Rodriguez et ai, 2015).

The reduction in chlorophyll content can be due to suppression of enzymes required for

chlorophyll synthesis (El-Samad et al., 2011).

5.6 Effect of seed priming techniques on the vigour indices of sandal seedlings

Seed vigour is an important component to decide the seed quality. Vigour index I is a

measure of seedling length which can vary due to both internal and external factors of seed

whereas, the vigour index II is a measure of the seedling dry matter which is an indicator of the

seed reserves. It can be concluded from the present study that the two vigour indices of sandal

seeds subjected to biopriming and osmopriming were found to be superior over control, whereas

in case of the hydropriming and chemical priming treatments, the treatments carried out for 3 days

only recorded higher vigour indices. An increase in the priming duration has caused a steep

decrease in the vigour indices of these seeds. The variation in the vigour indices are also

determined by the variation in tlie germination percentage recorded by seeds of different priming

treatments. Although the seeds subjected to hydropriming recorded a lower germination rate

compared to control, the vigour indices of these seeds were higher than control, which can be

attributed to the slight increase in the dry weight of these seedlings.

The greater vigour index II in biopriming seeds can be due to the mobilization of seed reserves

during priming which is in accordance with the findings reported in Abies hickelii (Rodriguez et

al., 2010) and maize (Kalaivani, 2010). The increase in vigour index of seeds due to osmopriming

has been reported earlier in Gmelina arborea (Adebisi et al., 2013).

5.7 Grouping of treatments using hierarchical cluster analysis

The cluster analysis to group the treatments on the basis of seedling performance resulted in the

formation of sixteen clusters at 90 and 180 days after planting. The treatments within a cluster

were found to exhibit similar characteristics in terms of the seedling growth of sandal. The

principal component analysis conducted prior to the cluster analysis revealed tliat plant dry weight

and shoot height were the most correlated seedling growth attributes. Similarly, the various groups

obtained through cluster analysis also revealed that more weightage was given to the dry weight
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and shool height of the seedlings to group the treatments. The clustering of treatments based on

the seedling performance at 90 DAT resulted in clusters of treatments from every priming

treatments adopted in the study. The clusters formed on the basis of seedling growth at 90 DAT

incorporated hydropriming and biopriming treatments within same cluster. This pattern could be

observed in every cluster. Contradictory to these results, the clusters of treatments based on the

seedling growth at 180 DAT resulted in more specific grouping of treatments. The hydropriming

treatments were placed in distinct clusters and the treatments were inferior compared to control.

The clustering at 180 DAT resulted in the grouping of the best treatments within the same clusters.

Hence, the results of the cluster analysis were in accordance with the individual finding of the

study to determine the best priming treatments which improved the seedling growth of sandal.

5.8 Effect of seed priming techniques on the germination and seedling growth attributes of

the sandal seeds stored for one month

Tlie lack of gennination and further seedling growth in the seeds subjected to one month storage

after priming can be due to the reversion of benefits obtained by priming during storage. The

reasons for the reduced longevity of the primed sandal seeds can be attributed to decreased DNA

repair activity during the seed hydration (Van Pij ien ef aL, 1996). This was also in compliance

with the studies in sweet com (Chiu ef aL, 2002) and bitter gourd seeds (Yeh el aL, 2005) which

indicated that the reduced storability of the primed seeds may be due to the decreased activity of

antioxidant enzymes resulting an increase in the lipid peroxidation activity mediated by the

Reactive Oxygen Species.
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SUMMARY

The present investigation on the impact of seed priming techniques on the germination and

seedling gro^Mh attributes of sandal {Santahim album L.) was carried out at the College ofForestry,

Vellanikkara, Thrissur, Kerala. The sandal seeds were collected from the Nachivayal Reserve

Forest, Marayoor Provenance. The study analyzed the effect of different duration and

concentration of priming agents viz. water (hydropriming), Psetidomonas Jluorescens

(biopriming). Polyethylene Glycol 6000 (Osmopriming) and MnS04 (chemical priming) on seed

germination and subsequent seedling growth in sandal. Hydropriming was done at for four

durations viz., 3, 6, 9 and 12 days. Biopriming was done using four different concentrations of

PseudomonasJluorescens (25, 50, 75 and 100%) for 2,4, 6 and 8 days. Osmopriming was carried

out at 5, 10, 15 and 20% concentrations of PEG 6000 for 3, 6, 9 and 12 days and the chemical

priming was e.xperimented at 0.4, 0.6, 0.8 and 1 M concentrations of MnS04 for 3, 6, 9 and 12

days. The non-primed seeds were kept as control. Primed seeds were stored for one day and one

month after the completion of priming processes and the gennination and seedling growth were

observed. During the study period the seeds subjected to priming process and stored for one day

only germinated and those stored for one montli failed to genninate. The salient findings of the

study are as follows:

1. Hydropriming of the sandal seeds could not improve the germination rate compared to

control. Hence, distilled water cannot be used as an effective priming agent to obtain good

gennination.

2. Biopriming at different durations and concentrations of Pseudomonas Jluorescens

significantly increased the germination parameters of the sandal seeds. The highest

germination percentage (88%) was recorded in the seeds subjected to biopriming at 100%

for 8 days which was 91.3% higher compared to control (46%) and they recorded the

highest gennination speed also (12.10). The days for completion of the germination in the

seeds subjected to biopriming at 50% and 100% for 8 days were 21 days whereas 56 days

were taken to complete the germination in control seeds.

3. Osmopriming treatments recorded an initial increase in the gennination up to 6 days and

thereafter the germination was decreased. Osmopriming at four concentrations for 3 and 6

days duration increased the germination percentage of seeds whereas, the osmopriming for
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the durations 9 and 12 days significantly reduced the germination percentage of the seeds

compared to control. The highest germination recorded in osmopriming was 78% however;

the seed germination was spread over a period of 62 days in osmopriming treatments

wherein the control seeds took 56 days to complete gennination.

4. The chemical priming with MnS04 at 0.4, 0.6, 0.8 and 1 M concentrations for 3 days

recorded the highest germination percentage (88%) which was similar to that recorded

during biopriming. However, the speed of germination was lower compared to that of tlie

biopriming treatments. The seeds subjected to chemical priming at 0.4 M for 3 days

recorded the lowest germination period among chemical priming treatments (26 days).

5. Electrical conductivity of the sandal seeds subjected to different priming treatments were

measured which is a measure of membrane integrity. Electrical conductivity was the

highest in the leachates of seeds hydroprimed for 12 days (1.96 dS cm"') and was the lowest

in seeds subjected to biopriming (0.03 dS cm"'). The leachate conductivity of the seeds

subjected to osmopriming treatments (1.69 dS cm*') were comparable to that of the

hydropriming treatments. Although the different concentrations and duration of MnS04

reduced the leakage of solutes from the sandal seeds, the electrical conductivity was very

higher than that of the biopriming treatments. Hence, biopriming treatments were the best

in reducing the leakage of solutes from the cells leading to better membrane integrity and

stability.

6. Biochemical analysis of the primed and non-primed seeds indicated that the hydropriming

treatments significantly lowered the carbohydrate, protein and crude fat content of the

seeds compared to control (1.03 mg g*', 0.05 mg g*', and 55.35%, respectively). The

biopriming duration and concentrations increase the total carbohydrate (1.76 mg g*') and

protein content (0.07 mg g"') of the seeds whereas, a reduction in crude fat (48.31%) was

observed with priming. Similar trend of biopriming was observed during osmopriming

treatments, however, these treatments recorded the highest carbohydrate (1.96 mg g"') and

protein content (0.08 mg g"') of the seed compared to the other priming techniques.

Chemical priming also contributed to an increase in carbohydrate and protein content, but

was lower than that of biopriming and osmopriming treatments.

7. With regard to seedling growth and biomass production, hydropriming contributed the least

towards the promotion of seedling growth of sandal. The seedling growth was best
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enhanced by biopriming treatments resulting in the production of tallest seedlings (33.10

cm), collar girth (9.28 mm), number of leaves per plant (17.25), root length (8.35 cm) and

seedling dry weight (0.92 g). The biopriming treatments were also found to improve the

vigour index of the sandal seedlings when compared to control. Similarly, long duration of

the biopriming treatments (8 days) were found to be superior to that at short duration (2,4

and 6 days) and control.

8. In the Osmopriming, the seedling growth attributes could be studied only from the seeds

subjected to different concentrations for 3 days and 5% and 10% for 6 days due to lower

survival of the seedlings. TTie seedlings obtained from the seeds subjected to Osmopriming

did not show significant increase in growth attributes of the seedlings compared to control

whereas the maximum fresh weight (2.16 g) was recorded in the seedlings subjected to

osmopriming. Besides the low rate of seedling growth, the different osmopriming

treatments could significantly improve the vigour index of the seedlings over control.

9. The seedling growth attributes could be recorded only from the seeds subjected to chemical

priming for the duration 3, 6 and 9 days. Analogous to the growth attributes recorded by

the bioprimed seeds, the seedlings of chemical primed seeds were found to perform

superior over control seedlings which could be ascribed to the increased chlorophyll

content (40.46 mg g'') of the chemically primed seedlings. The seedlings subjected to

chemical priming produced the seedlings with higher growth attributes next to biopriming.

The vigour indices also recorded higher values in the chemical priming. The results of

chemical priming indicated that chemical priming with MnS04 for 3 days only could

enhance the germination and seedling growth of sandal.

10. The results of the correlation analysis between biochemical composition of seeds subjected

to different priming treatments and their resultant seedling growth exhibited large variation

among the priming techniques. The results revealed that the shoot growth attributes of

hydroprimed seeds were positively correlated to the carbohydrate and crude fat content,

whereas all the parameters recorded a negative correlation with the protein content. The

dry matter production of the hydroprimed seedlings recorded signillcant positive

correlation with crude fat.

11. Growth attributes of the seedlings subjected to biopriming recorded negative correlation to

the seed reserve materials which was found to have strong negative correlation by 6^

126



month. Similarly seedlings subjected to osmopriming recorded significant positive

correlation with carbohydrate content whereas a negative correlation was recorded with the

total protein content and per cent crude fat. Meanwhile, the growth attributes of seedling

recorded negative correlation with the carbohydrate content and crude fat whereas positive

correlation was recorded with the protein content of the seeds.

12. The better priming treatments effective to enhance the germination and seedling growth

attributes of sandal can be presented in the order of:

Biopriming at 100% for 8 days > biopriming at 50% for 8 days > biopriining at 75% for

8 days > biopriming at 100% for 6 days > biopriming at 75% for 6 days > chemical priming

at 1 M for 3 days > biopriming at 50% for 4 days.

13. Cluster analysis of the treatments resulted in the grouping of best biopriming treatments in

distinct adjacent groups.

14. With regard to the seeds subjected to different priming techniques and stored for one

month, seeds failed to germinate in all priming methods.

Overall, it can be concluded that the biopriming at 100% for 8 days followed by 50% and 75%

for 8 days were the best treatments to enhance the seed germination and seedling growth attributes

of sandal. Groping of U-eatments by cluster analysis lead clustering of these treatments in the same

cluster. Chemical priming at 0.4 M for 3 days is also a suitable priming treatment to enhance seed

germination. Also, biopriming was found to be the cheapest priming method among the foitr

selected priming methods in the study.

The results of the present study throw light on the effect different concentration and

duration of the priming agent on gennination and seedling growth of the sandal. The study also

looks into the biochemical changes associated with seed priming in the seeds. Since the sandal

seeds failed to germinate after one month of storage, the storage duration has to be standardized in

the case of sandal seeds. Furthermore, the enzymatic activities involved in the priming process

which triggered as well as reduced the growth performance of sandal seedlings must also be

studied. A pictorial representation of the results of the present study is given in Figure 17.
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•Early emergence
•increase in seed reserve
materials.
•Minimal loss due to leakage.

•Low germination, slow emergence
•Reduction in seed reservematerial
•Heavy loss of food reserve due to
leakage

N

Hydropruning

h

•Tallest seedlings
•Increase in leaf area and leaf
number and dr>^ weight
•Increased vigour
•Increased chlorophyll content

Poor seedling growth.
Low chlorophyll content.

l>Low vigour of the seedling

Figure 17. Pictorial representation of the efTects of different priming treatments on the
germination and seedling performances insandal



REFERENCES



REFERENCES

Abdul - Baki, A. A. and Anderson, J. D. 1973. Vigor determination in soybean by multiple

criteria. CropSci., 13: 630-633.

Abebe, A. T. and Modi, A. T. 2009. Hydropriming in dry bean {Phaseolus vulgaris L.). Res. J.

SeedSci., 2: 23—30.

Adebisi, M. A., Akintoye, S.O., Kehinde, T.O., and Adekunle, M.F. 2011. Seed priming for

improved seedling emergence and vigour of Cordia {Cordia millennii) seed. Res. J. Seed

Sci..4- 137-147.

Afzal, I., Hussain, B., Basra, S. M. A., and Rehman, H. 2012. Priming with MLE reduces

imbibitional chilling injury in spring maize. SeedSci. Tech.., 40: 271-276.

Amooaghaie, R. 2011. The effect of hydro and osmopriming on alfalfa seed germination and

antioxidant defences under salt stress. Afr. J. Biotechnol., 10: 6269-6275.

Amzallag, G. N., Lemer, H. R., and Poljakoff - Mayber, A. 1990. Exogenous ABA as a

modulator of the response of sorghum to high salinity. J. Exp. Bot., 54: 1529-1534.

Ananthapadmanabha, H. S., Nagaveni, H. C., and Rai, S. N. 1988. Dormancy principles in sandal

seeds [SantaUim album L.) My For., 24: 22-24.

Anderson, J. M. and Pyliotis, N. A. 1996. Studies with manganese deficient chloroplasts.

Biochem. Biophys. Acta., 189: 280-293.

Anita, P., Aarti, L., Lunge, A., Paikrao, H., and Shubhad, M. 2012. In vitro antagonistic

properties of selected Trichpderma species against tomato root rot causing Pythium

species. Inf. J. Sci., Environ. TechnoL, 1(4): 302-315.

Sahai, A. K.. R. and Shivanna. 1985. Seed Germination and Seedling Growth xnSopiibia

delphinifolia - a Hemi-root Parasite: Gemiination Requirements. Ann. Bot., 55 (6):

775-783.

Annin, M., Asgharipour, M., and Razavi-Omrani, M. 2010. The Effect of Seed Priming on

Germination and Seedling Growth of Watermelon {Citrullus Lanatus). Adv. Environ.

BioL, 4(3): 501-505.

Arunkumar, A. N., Dhyani, A., and Joshi, G. 2010. Santalum album. The lUCN Red List of

Threatened Species 2010: http://dx.doi.org/10.2305/lUCN.UK.2010-

1 .RLTS.T31852A2807668.en.



Asha, B. B., Chandra, N. S., Shankar, U. A. C., Srinivas, C., and Niranjana, S. R. 2011.

Biological conlro! of Fusarium oxysporum f. sp. lycopersici causing wilt of tomato by

Pseudonwnas fluorescens. Int. J. MicrobioL Res., 3: 79-84

Ashraf, M. and Foolad, M. R. 2005. Presowing seed treatment-a shotgun approach to improve

gennination growth and crop yield under saline and none-saline conditions. Adv. Agron.,

88; 223-265.

Ataide, G. D. M., Borges, E. E. D. L., Guimaraes, V. M., Floras, A. V., and Bicaiho, E. M. 2013.

Alterations in seed resen'es of Dalhergia nigra (CVcW.) Fr All. Ex Benlh.) during

hydration. J, SeedSci., 35: 56-63.

Bailly, C., Benamar, A., Corbineau, P., and Come, D. 1998. Free radical scavenging as affected

by accelerated ageing and subsequent priming in sunflower seeds. Physio!. Plant., 104:

646-652.

Balasundaran, M. 1998. A method for clonal propagation of sandal. A. M. Radomiljac, H. S.

Ananthapadmanabha, R. M. Welboum, and K. Satyanarayana Rao. (eds.). In: Sandal

and its Products. ACIAR Proceedings. No. 84. ACIAR, Canberra, Australia, pp. 126-

129.

Balasundaran, M. 2010. Improving sandal population in Marayur Sandal Reserves through

assisted natural regeneration. KFRI Research Report No: 349. pp. 1-7

Bapat, V. A. and Rao, P. S. 1999. Somatic embryogenesis in Santaiim album L. Sandalwood

Res. Newsletter. 8: 4.

Bapat, V. A., Fulzele, D. P., Heble, M. R. and Rao. P. S. 1990. Production of sandalwood somatic

embryos in bioreactors. Curr. Sci. 59: 746-748.

Baskin, C. C. and Baskin J. M. 1988. Germination ecophysiology of herbaceous plant species in

a temperate region. Amer. J. Bot., 75(2): 286-305

Basra, S. M. A., Farooq, M., Tabassum R., and Ahmad, N. 2005. Physiological and biochemical

aspects of seed vigour enhancement treatments in fine rice {Oiyza sativa L.). Seed Sci.

Techno!., 33: 623-628.

Beniwal, B. S. and Singh, N. B. 1989. Observation on flowering, thiiting and germination

behaviour of some useful forest plants of Arunachal Predesh. Ind. For., 115: 216-227

Bennett, M. A. and Waters, L. 1987. Seed hydration treatments for improved sweet maiz

germination and stand establishment. J. Amer. Soc. Hort. Sci., 112: 45-49



BinO; R. J., De Vries, J. N., Kraak, H. L., and Van Pijlen, J. G. 1992. Flow cytometric

determination of nuclear replication stages in tomato seeds during priming and

germination. Ann. Bot., 69: 231-236

Bourgeois, J. and Malek, L. 1991. Purification and characterization of aspartyl proteinase from

dry jack pine seeds. Seed Sd. Res., 1:139-147.

Bradford, K.. J. 1986. Manipulation of seed water relations via osmotic priming to improve

germination under stress conditions. Hortic. Sd., 21: 1105-1112.

Brancalion, P. H. S., Novembre, A. D. L. C., Rodrigues, R. R., and Tay, D. 2008. Priming of

Mimosa bimucornata seeds: a tropical tree species from Brazil. Acta Hortic. 782: 163-

168.

Brancalion, P. H., Tay, D., Rodrigues, R. R., Novembre, A. D., and Cunha, L. D. 2008. Seed

imbibition of five Brazilian native tree seeds. Acto Hortic., 771: 77-81.

Bray, E. A., Bailey-Serres, J., and Weretilnyk, E. 2000. Responses to abiotic stresses. In:

Gruissem, W., Buchannan, B. and Jones, R. (eds.). Biochemistry and Molecular Biology

of plants. American Society of Plant Physiologists, Rockville, MD, pp. 1158-1249.

Brocklehurst, P. A. and Dearman, J. 1983. Interactions between seed priming treatments and

nine seed lots of carrot, celery and onion. I. Laboratory germination. Ann. App. BioL,

102:577-584.

Brocklehurst, P. A. and Dearraen, J. 1984. Effects of osmotic priming on seed germination and

seedling growtli in Leek. Sd. Hortic., 24: 201-210.

Bruggink, G. T., Ooms, J. J. J., and Vander Toom, P. 1999. Induction of longevity in primed

seeds. Seed Sd. Res., 9: 49-53.

Buitink, J., Hoekstra, F. A., and Hemminga, M. A. 2000. A critical assessment of the role of

oligosaccharides in intracellular glass stability. In: Black, M., Bradford, K. J., and

Vazquez-Ramos, J. (ed.). Seed biology: advances and applications. CABI, Wallingford,

UK, pp. 461-466.

Burgass, R. W. and Powell, A. A. 1984. Evidence for repair processes in the invigoration of seeds

^  by hydration. Ann. Bat., 53: 753-757.
Burke, D. G., Watkins, K., Scott, B. J.1990: Manganese toxicity effects on visible symptoms,

yield, manganese levels, and organic acid levels in tolerant and sensitive wheat

cultivars. CropSci., 30: 275-280.



Butler, L. H., Hay, F. R., Ellis, R. H., Smith, R. D., and Murray, T. B. 2009. Priming and re-

drying improve the survival of mature seeds of Digitalis purpurea during storage.

Ann.Bot., 103: 1261-1270.

Callan, N. W., Mathre, D. E., and Miller, J. B. 1990. Bio-priming seed treatment for biological

^  control of Pythium ultimum pre emergence damping oft* in sh2 sweet corn. Plant Dis.^

74:368-372.

Callan, N. W., Mathre, D. E., Miller, J. B., and Vavrina, C. S. 1997. Biological seed treatments:

factors involved in efficacy. Hortic. Sci., 32: 179-183.

Carpenter, W. J. 1989. Salvia splendem seed pre-germination and priming for rapid and uniform

emergence. J. Am. Soc. Hortic. Sci., 114: 247-250.

Caseiro, R., Bennett, M. A., and Marcos-Filho, J. 2004. Comparison of three priming techniques

for onion seed lots differing in initial seed quality. Seed Sci. TechnoL, 32: 365-375.

Cayuela, E., Perez-Alfocea, F., Caro M., and Bolarin, M. C. 1996. Priming of seeds with NaCl

induces physiological changes on tomato plants grown under salt stress. Physiol. Plant.,

96: 231-236.

Chandra Nayaka, S., Udaya Shankar, A. C., Reddy, M. S., Niranjana, S. R., Prakash, H. S.,

Shettya, H. S., and Moriensen, C. N. 2009. Control of Fusarium verticillioides. cause of

ear rot of maize, by Pseudomonas fluorescens. Pest Manag. Sci., 65:769-775.

Chen, C. C. and Sung, J. M. (2001). Priming bitter gourd seeds with selenium solution enhances

germinability and antioxidative responses under sub-optimal temperature. Pltysiol.

Plant., 111:9-16.

Chen, K. and Arora, R. 201 1, Dynamics of the anlioxidant system during seed osmopriming,

post-priming germination, and seedling establishment in spinach {Spimcia oleracea).

Plant ScU 180:212-220.

Chitra, P. and Jijeesh, C. M. 2019. Bio priming: A potential strategy to induce flooding tolerance

in Sandal {Santalum album L.) Seedlings. In: Abstracts. UGC SAP National Seminar

on Climate Resilient Agriculture for Abiotic Stress; 12-13 March 2019. Department of

Genetics and Plant Breeding Annamalai University pp.169.

Chiu, K. Y., Chen, C. L., and Sung, J. M. 2002. Effect of priming temperature on storability of

primed sh-2 sweet com seed. Crop Sci., 42: 1996-2003.

Chojnowski, F. C. and Come, D. 1997. Physiological and biochemical changes induced in

sunflower seeds by osmopriming and subsequent drying, storage and aging. Seed Sci.

Res., 7: 323-33].

iv



Choudhury, N. and Basu R. N. 1988. Maintenance of seed vigour and viability of onion {AUium

cepa X..). Seed Sci. Tech.^ 16: 51-61

Clarke, B. and Doran, J. 2012. Review of Santalum albunt, L. seed pre-germination treatment

with a focus of low cost methods. In: Proceedings of the International Sandalwood

Symposium, 21-24 October, 2012, Honolulu, Hawaii.

Copeland, L. O. and McDonald, M. B. 2001. Principles of Seed Science and Technology (4^^

Ed.). Springer, New York, USA, 333p.

Cromer, E. L. & Woodall, G. 2007. Breaking mechanical dormancy in quandong using silica gel

and enhancing germination response using gibberellic acid. Alcoa World Alumina

Australia 28: 1-10.

Czabator, F. J. 1962. Germination value: An index combining speed and completeness of pine

gennination. Forest Set., 8: 386-396.

Dahal, P., Bradford, K. J., and Jones, R. A. 1990. EiTects of priming and endosperm integrity on

seed germination rates of tomato genotypes. II. Germination at reduced water potential.

J. Exp. Bot,,A\: 1441-1453.

Daniel, J., Canlliffe, Jeanne, Fischer, M., and Terril, A. N. 1984. Mechanism of seed priming in

circumventing thermodormancy in lettuce. Plant Physioi, 75: 290-294.

Das, J. C., Choudhury, A. K. 1996. Eflect of seed hardening, potassium fertilizer, and paraquat

as anti-transpirant on rainfed wheat {Triticum aestivum L.). Ind. J. Agron. 41: 397^00.

Das, S. C. 2013. Growth and yield of white Sandal {Santalum album L) in South West Bengal.

Ind For., 139(2): 109-112.

Das, S. C. and Tah, J. 2013. Effect of GAB on seed germination of Sandal {Santalum album L.).

hn. J. Curr. Sci., 8: 79-84.

De Castro, R. D., Zheng, X. Y., Bergervoet, J, H. W., Ric De Vos, C. H., and Bino, R. J. 1995.

p-Tubulin accumulation and DNA replication in imbibing tomato seeds. Plant Physioi.,

109: 499-504.

Dearman, J., Bocklehurst, P. A., and Drew, L. K. 1986. ElTects of osmotic priming and aging on

onion seed germination. J. Appl. Biol., 108: 639-648.

Dearman, J., Bocklehurst, P. A., and Drew, L. K. 1987. Effects of osmotic priming and aging on

the germination and emergence of carrot and leek seed. Ann. Appl. Biol., Ill: 717-712.

1^



Deepa, C. K., Dastager, S. G. and Pandey, A. 2010. Plant growth-promoting activity in newly

isolated Bacillus thiopanis (NII-0902) from Western ghat forest, India. World J.

Microhiol. BiorechnoL, 26: 2277-2283.

Demir, 1., Ozuaydin, L, Yasar, F., and Staden, J. V. 2012. Effect of smoke derived butenolide

priming treatment on pepper and salvia seeds in relation to transplant quality and catalase

activity. 5. Afr. J. Bot., 78: 83-87.

Diaz-Zorita, M. and Femandez-Canigia, M.V. 2009. Field performance of a liquid formulation

Azospirillum brasileme on dryland wheat productivity. Euro. J. Soil Bio., 45: 3-11

Dileepa, M. M., Jayawardena, M., Gehan Jayasuriya, K. M. G., and Jeffrey L. Wale. 2015.

Confirmation of morphophysiologicai dormancy in sandalwood {Santalum album) seeds.

J. Nail Sci. Fdn. Sri Unka., 43 (3): 209-215

El Zein, A., Kroschel, J., and Leth, V. 2006. 'Seed Treatment Technology: An Attractive

Delivery System for controlling Root Parasitic Weed striga with mycoherbicide',

Biocontrol Sci. Technol,,]6, 3-26

El-Araby, M. M., Moustafa, S. M. A., Ismail, A. I., and Hegazi, A. Z. A. 2006. Hormones and

phenol levels during germination and osmopriming of tomato seeds, and associated

variation in protein patterns and anatomical seed features. Acta Agron. Hung., 54:441-

458.

El-Mougy, N. S. and Abdel-Kader, M. M. 2008. Long term activity of biopriming seed treatment

for biological control of faba bean root rot pathogens. Aiis. Plant Path., 37(5): 464-471.

El-Samad, Abd. H. M., Shaddad, M. A. K. and Barakat, N. 2011. Improvement of plants salt

tolerance by e.xogenous application of amino acids. J. Med. Plants Res., 5: 5692-5699.

Erba§, S., Tongu?, M., Karakurl, V., and $anli, A. 2016. Mobilization of seed resen'es during

germination and early seedling growth of two sunflower cultivars. J. Appl. Bot. Food

Qual., 89,217-222.

Farooq, M., Basra, S. M. A., and Hafeez, K. 2005. Seed invigoration by osmohardening in Indica

and Japonica rice. Technol.,34: 181-187.

Farooq, M., Basra, S. M. A., and Hefeez-ur-Rehman. 2006. Seed priming enhances emergence,

yield and quality of direct -seeded rice. Int. Rice Res., 31: 42-44.

Foti, R., Aburenia, K., Tigerea, A., Gotosab, J., and Gerec, J. 2008. The efficacy of different

seed priming osmotica on the establishment of maize (Zea nia)'s L.) caryopses. J. Arid

Environ., 12: 1127-1130.

VI

i)^



Fu, J. R., Lue, X. H., Chen, R. Z., Zhang, B. Z., Liu, Z. S., Ki, Z. S., and Cai, C. Y. 1988.

Osmocondiiioning of peanut {Arochis hypogaea L.) seeds with PEG to improve vigour

and some biochemical activities. Seed Sci. TechnoL, 16: 197-212.

Fujikura, Y., Kxaak, H. L., Basra, A. S., and Karssen, C. M. 1993. Hydropriming, a simple and

in expensive priming method. SeedSci. TechnoL, 21: 639-642.

Gairola, S., Ravi Kumar, G., and Agganval, P. 2007. Status of production and marketing of

Sandalwood {Santalum album L.) In: Gairola, S. (ed.). Proceedings of the National

Seminar on Conservation, Improvement. Cultivation and Management of sandal

{Santalum album L.), IWST, Bangalore, 1213 December, 2007.

Galhaut, L., Lespinay, A., Walker, D. J., Bemal, M. P., Correal, E., and Lutts, S. 2014. Seed

priming o^Trifolium repens L. improved germination and early seedling growth on heavy

metal- contaminated soil. Water Air Soil Pollut., 225:1-15.

Gallardo, K., Job, C., Groot, S. P. C., Puype, M., Demol, H., Vandekerckhove, J., and Job, D.

2001. Proteomic analysis of Arabidopsis seed germination and priming. Plant Phvsiol.y

126:835-848.

Gamage, Y. M. M., Subasinghe S. M. C, U. P., and Hettiarachchi, D. S. 2010. Change of seed

germination rate with storage time of Santalum Album L. (Indian sandalwood) seeds.

Proceedings of the 15th International Forestiy and Environment Symposium, 26-27

November 2010. Published by Department of Forestry and Environmental Science,

University of Sri Jayewardenepura, Sri Lanka

Gayalhri, M. 2001. Studies on seed invigouration to promote seed gennination and seedling

development in hybrid tomato seeds. M. Sc. (Agri.) Thesis, Univ. Agric. Sci., Bangalore

(India).

Ghana, S. G. and Schillinger, W. F. 2003. Seed priming winter wheat for germination,

emergence, and yield. Crop Sci., 43: 2135-2141.

Habib, N., Ashraf, M., and Ahmad, M. S. A. 2010. Enhancement in seed germinability of rice

{Oryza sativa L.) by pre-sowing seed treatment with nitric oxide (NO) under salt stress.

PakJ.Bot., 42:4071^078.

Hallgren, S. W. 1989. Effects of osmotic priming using aerated solutions of polyethylene glycol

on germination of pine seeds. Ann. Des. Sci. For., 6(1): 31-37.

Hallgren, S. W. 1989.Effects of osmotic priming using aerated solutions of polyethylene glycol

on germination of pine seeds, Ann. Sci. For., 46: 31-37

VII



Haridi, M. B. 1985. Effect of osmotic priming with polyethylene glycol on germination of Pinus

e/Z/or///seeds. SeedScL TechnoL^ 13: 669-674.

Harris, D., Joshi, A., IChan, P. A., Gothakar, P. and Sodhi. P. S. 1999. On-farm seed priming in

semi-arid agriculture: Development and evaluation in com, rice and chickpea in India

^  using participatory methods. Exp. Agric., 35: 15-29.

Heydecker, W. and Coolbear, P. 1977. Seed treatments for improved perfomiance - survey and

attempted prognosis. SeedSci. Techno!., 5:353-425.

Hirano R.T. 1990. Propagation of Santahnn, sandalwuod tree. USDA Forest Service General

Technical Reports 122: 43 -45

Hoffpauir, C. L., Poe, S. E., Wiles, L. U., and Martha, H. 1950. Germination and free fatty acids

in seed stock lots of cottonseed. J. Am. Oil Chem. Sac. 27: 347-348.

Hosseini, A. and Koocheki. A. 2007. The effect of different priming treatments on gemiination

percent and mean germination time of four varieties of sugar beet. J. Agron. Res., 5(1):

69-76.

Huang, Y. G. and Zou, Q. 1989. Effect of osmoconditioning and drying on germination of Pinus

sylvestris var. Mangolica and Larix gmelinii seeds. Seed Sci. TechnoL, 17: 235-242.

I' Hunt, R., 1990. Basic Growth Analysis: Plant Growth Analysis for Beginners. Unwin Hyman,

London.

Hussain, M., Farooq, M., Basra, S. M. A., and Ahmad, N. 2006. Influence of seed priming

techniques on the seedling establishment, yield and quality of hybrid sunflower. Int. J.

Agric. BioL, 8:14-18.

Inayat-Ur- Rahman., Ali, N., Rab, A., and Shah, Z. 2013. Role of pre storage seed priming in

controlling seed deterioration during storage. SarhadJ. Agric., 29(3): 18-24.

Iqbal, M. and Ashraf, M. 2005. Changes in growth, photosynthetic capacity and ionic relations

in spring wheat {Triticum aestmnn L.) due to presowing seed treatment with polyamines.

Plant Growth Regul., 46: 19-30.

^  Iqbal, M. and Ashraf, M. 2013. Gibberellic acid mediated induction of salt tolerance in wheat
plants: Growth, ionic partitioning, photosynthesis, yield and hormonal homeostasis.

Environ. Exp. Bat., 86: 76—85.

viu

l$7



Jafar, M. Z., Farooq, M., Checma, M. A., Afzal, I., Basra, S. M. A., Wahid, M. A., Aziz, T., and

Shahid, M. 2012. Improving the performance of wheat by seed priming under saline

conditions./Igrow. CropSci., 198; 38-45.

Jagadish, G. V. 1993. Seed storability, ageing and effect of presowing treatment on the

performance of some vegetable crops. M.Sc. (Ag.) Thesis, University of Agricultural

Sciences, Dharwad, Kamataka (India).

Jeeva, V., Saravanan, S., Devaraj. P.. and Lakshmidevi, R. 1998. Malady and remedy of sandal

cultivation in fannlands and private lands. An overview. In: Radomiljac, A. M.,

Ananthapadmanabha, H. S., Welboum, R. M., and Rao, K. S. (eds), Sandal and its

Products. ACIAR Proceedings. No.84. ACIAR, Canberra, Australia, pp. 16.

Jijeesh, C. M. and Sudhakara, K. 2016. Relationship of biochemical composition and drupe size

to seedling performance of leak {Tectomi grandis). Seed Techno!., 37(1): 65-71

Jisha, K. C., Vijayakumari, K., and Puthur, J. T. 2013. Seed priming for abiotic stress tolerance:

an overview. Acta PhysioL Plant., 35: 1381-1396.

Job, D., Capron, 1., Job, C., Dacher, F., Corbineau, F., and Come, D. Identification of

germination-specific protein markers and their use in seed priming technology. In:

Black, M., Bradford, K. J., Vazquez-Ramos, J., (eds), Seet/ Biology: Advances and

Applications. Wallingford, UK: CAB Int. 2000. pp. 449-459.

Joe, M. M. and Sivakumar, P. K. 2011. Seed priming with co-flocs of Azospirillum and

Pseudomonas for effective management of rice blast. Arch. Phytopathol. Plant Prat.,

43(16): 1551-1563.

Joshi, G. and Arun Kumar, A. N. 2007. Standardization of optimum conditions for storage of

Santalum album L. seeds for ex situ germplasm conservation. In: Gairola, S., Rathore,

T. S., Joshi, G., Arun Kumar, A. N., and Aggarwal, P. (eds). Proceedings of the

National Seminar on Conservation, Improvement, Cultivation and Management of

sandal (Santalum album L.), IWST, Bangalore, 12-13 December, 2007. Institute of

Wood Science and Technology, Bangalore, pp. 52-54.

Kaja Maideen, S., Selvaraj, J. A., and Vinaya Rai, R. S.1990. Pre-sowing Chemical treatment

to hasten germination of Casuarina equisetifolia. Int. Tree CropJ., 6: 173-181

Kakralya, B. L., Singh, K. and Mahawat, S. K. 2000. Physiological evaluation of primed seeds

of green gram cultivars. J. EcoL. PhysioL, 3: 11-15.

IX

f6°



Kalaivani, S. 2010. Seed biopriming studies with biocontrol agents and liquid biofertilizers in

COH (M) 5 maize hybrid. M.Sc. (Ag.) thesis, Tamil Nadu Agricultural University,

Coimbatore, I95p.

Kanmaz, E. 6., and Ova, G. 2015. The effect of genuination time on moisture, total fat content

and fatty acid composition of flaxseed {Limim usitatissimum L.) sprouts, Gida 40:249-

254.

Karlhika, G. and Vanangamudi, K. 2012. Physiological and biochemical changes during

germination in COH(M) 5 maize hybrid seed bioprimed using enriched humic acid with

biocontrol agents. Agrobios. Res., 1(1): 35-45.

Kaur, S., Gupta, A. K., and Kaur, N. 2002. Effect of osmo- and hydropriming of chickpea on

seedling growth and carbohydrate metabolism under water deficit stress. Planr Growth

ReguL,31: 17-22.

Kavitha, S. 2011. Biopriming with biocontrol agents and liquid biofertilizers for rice seed cv.

ADT 43. M.Sc. (Ag.) thesis, Tamil Nadu Agricultural University, Coimbatore, 186p.

Kaya, M. D., Okcu, G., Atak, M., Cikili, Y., and Kolsarici, 0.2006. Seed treatments to overcome

salt and drought stress during germination in sunflower (Helianthus annuus L.). Eur. J.

Agron., 24: 291-295.

Kennedy, W. K.1949. Rapid method for detemiining the oil content of safflower and sunflower

seeds. Agris., 41(2); 93-95

Kikuti, A. L. P. and Marcos-Filho, J. 2008. Drying and storage of Cauliflower hydroprimed

seeds. Seed Sci. Technol., 36; 396-406.

Kmetz-Gonzalez, M. and Struve, D. 2000. Black gum seed conditioning increases germination:

Rate, seedling emergence and quality. Seed Sci. TechnoL, 28:49-57.

Korkmaz, A. and Pill, W. G. 2003. The effect of different priming treatments and storage

conditions on germination performance of lettuce seeds. Eur. J. Hortic. Sci. 68: 260-265.

Kumar, S. V. and Bhanja, M. 1992. Forestry Seed Manual of Andhra Pradesh. AP Forest

Department, Hydrabad.

Kvet, J., Ondok, J. P., Necas, J., and Jarvis, P. G. 1971. Methods of growth analysis, p. 343-391.

In: Seslak Z, J Catsky and PG Jarvis (eds.). Plant Photosynthetic Production- A Manual

of Methods. N. V. Publishers, The Hague



Lanteri, S., Kraak, H. L., Ric De Vos, C. H., and Bino, R. J. 1993. Effects of osmotic

preconditioning on nuclear replication activity in seeds of pepper {Capsicum amuum).

Physiol. Plant., 89: 433^40.

Lanteri, S., Nada, E., Belletti, P., Quagliotti, L., and Bino, R. J. 1996. Effects of controlled

deterioration and osmoconditioning on germination and nuclear replication in seeds of

pepper {Capsicum annuum L.). Ann. Bat., 77: 591-597.

Lee-suskoon, K. M., Hyeum, J., Beom, H. S., Minkyeong, K., and Euiho, P. 1998. Optimum

water potential, temperature and duration for priming of rice seeds. J. Crop Sci., 43: l-

5.

Leprince, O., Atherton, N. M., Deltour, R., and Hendry, G. A. F. 1994. The involvement of

respiration in free radical processes during loss of desiccation tolerance in germinating

Zea mays L. An electron paramagnetic resonance study. Plant Physiol., 104: 1333-1339.

Li, J., Yin, L. Y., Jongsma, M. A. and Wang, C. Y. (201 1). Effects of light, hydropriming and

abiotic stress on seed germination, and shoot and root growih of pyrethrum (Tanacetum

cinerariifolium). bid. Crop Prod., 34: 1543-1549.

Liu, Q., Hilhorst, H. W. M., Groot, S. P. C., and Bino, R. J. 1997. Amounts of nuclear DNA and

internal morphology of gibberellin- and abscisic acid deficient tomato {Lycopersicon

esculentum Mill.) seeds during maturation, imbibition and germination. Ann. Bot., 79:

161-168.

Loveys, B. R. and Jusaitis, M. 1994. Stimulation of germination of quandong {Santaliim

macuminatum) and other Australian native plant seeds. Aus. J. Bot., 42: 565 — 574.

Lowry, O. H., Rosenbrough, N. J., Parr, A. L., and Randall, R. J. 1951. Protein measurement

with Folin-phenol reagent. 7. Biol. Chem., 193: 265-275.

Luna, R. K. 1996. Plantation Trees. International Book Distributors, Dehra Dun, India.

Manjubala, N. 2015. Effect of biopriming on seed quality and management of seed borne

pathogens in Garden pea {Pisum sativum L.), Msc Thesis (Agri.), College of

Agriculture, Orissa.

Marcos-Filho, J. and Kikuti, J. A. D. 2008.Condicionamento fisiologico de sementes de couve-

flor e desempenho das plantas em campo. Horticuliura Brasileira., 26: 165-169.

Mariselvara, D. 2012. Performance of bioprimed bhendi (cv. arka anamika) seeds with

biocontrol agents and liquid biofertilizers under laboratory and field conditions. M.Sc.

(Ag.) thesis, Tamil Nadu Agricultural University, Coimbatore, 175p.

XI



Mc Donald, M. B. 2000. Seed priming. In: Black, M. and Bewley, J. D. (eds.) Seed technology

and its biological basis. Sheffield Academic Press, Sheffield, pp. 287-325.

Mir, H. R. 2013. Effect of hydropriming on biochemical and cell cycle activities, storage

behaviour and identification of protein markers for optimization of priming in parental

lines and hybrid of maize {Zea mays L.)" Ph D. Thesis lARI New delhi

Mirlotfi, A., Bakhtiari, S., and Bazrgar, A. B. 2015. Effect of seed priming on germination and

seedling traits of marigold {Calendula qfficinalis) at saline condition. Biol. Forum: Int.

y., 7(1): 1626-1630

Mishra, M., Kumar, U., Mishra, P. K., and Prakash, V. 2010 Efficiency of plant growth

promoting rhizobacteria for the enhancement of Cicer arietinum L. growth and

germination under salinity. Adv. Biol. Res., 4: 92-96.

Moeinzadeh, A. Sharif-Zadeh, F., Ahmadzadeh, M., and Tajabadi, F. H. 2010. Biopriming of

sunflower {Helianthus annuus L.) seed with Pseudomonas fluorescens for

improvement of seed invigoration and seedling growth. Ausi. J. Crop Sci., 4: 564-570.

Moradi, A. and Younesi, O. 2009. Effects of osmo- and hydropriming on seed parameters of

grain sorghum {Sorghum bicolor L.). Ausf. J. Basic Appl. Sci., 3: 1696-1700.

Muhammad, 1., Kolla, M., Volker, R., and Gunter, N. 2015. Impact of nutrient seed priming on

germination, seedling development, nutritional status and grain yield of maize. J. Plant

AH/r.,38: 1803-1821.

Muller, H. and G. Berg. 2008. Impact of formulation procedures on the etTect of the biocontrol

agent Serratia plymuthica HRO-C48 on verticillium wilt in oilseed rape. BioControl.,

53:905-916.

Murthy, B. N. S. and Reddy, Y.N. 1989. Improvement of seed germination in jujube {Ziziphiis

mauritiana L.) with growth regulators and nitrogenous compounds. Indian Hortic. J.,

15(1/2); 3-8.

Nagarajan, S., Pandita, V. K., and Modi, B. S.2003. Physiology and enzymatic activity of Asiatic

carrot seeds as affected by invigoration treatments, Indian J. Plant Physiol., 8(3): 223-

228.

Nagaveni.H. C. and Srimathi, R. A. 1981. Studies on germination of the Sandal {Santalum album

L.), Pre-treatment of sandal seeds. Ind. For., 107: 348-354.

Nagaveni, H. C., Ananthapadmanabha, H. S., and Rai, S. N. 1989. Effect of different chemicals

on germination of sandal seeds. My For., 25: 311-313.

XII



Nascimento, W. M., Huber, D. J., and Cantliffe, D. J. 2013. Carrot seed germination and

respiration at high temperature in response to seed maturity and priming. Seed ScL

Tecfmol. ,41: 164-169.

Nawaz, A., Amjad, M., Pervez, M. A., and Afeal, I. 2011. Effect of halopriming on germination

^  and seedling vigor of tomato. Afr. J. Agric. Res., 6: 3551-3559.

Nawaz, J., Hussain, M., Jabbar, A., Nadeem, G. A., Sajid, M., Subtain, M., and Shabbir, I. 2013.

Seed priming a technique. Indian J. Adv. Chem. Sci. 6(20); 1373-1381.

Negi, K.., Garg, S. K., and Kumar, J.2008. Plant growth promoting and biocontrol activities of

cold-tolerant Pseudomonas Jluorescens isolates against root rot in pea. Indian

Phytopath., 61 (4): 461-470.

Nezarat, S. and Gholami, A. 2009. Screening Plant Gro\Mh Promoting Rhizobacteria for

Improving Seed Germination, Seedling Growth and Yield of Maize, Pak. J. of Bio. Sci.,

(12)1:26-32

Nikam, T. D. and Bannukh, R. B. 2009. GA3 enhances in vitro seed germination in Santalum

album. Seed Sci. Techno!., 37:276-280.

Niranjanraj, S., Shetty, N. P., and Shetty, H. S. 2004. Seed biopriming with Pseudomonas

t  Jluorescens isolates enhances growth of pearl millet plants and induces resistance

against downy mildew. Int. J. Pest Manag.. 50(1): 41 - 48.

Oh, M. K., Rhee, S. H., Cheigh, H. S. 1992. Changes of lipid composition of Korean black

soybean before and after soaking. J. Korean Soc. Food Nutri., 21: 29-35

Ouyang, X., Tijmen van Voorlhuysen, Toorop, P. E., and Hilhorst, H. W. M. 2002. Seed vigor,

aging, and osmopriming affect anion and sugar leakage during imbibition of maize (Zea

maize ) caryopses. Int. J. Plant Sci., 163(1):107- 112.

Pallavi, H. M. 2004. Assessment and impact of vigour on field performances in cauliflower.

M.Sc (Agri.) Thesis, University of Agricultural Sciences, Bangalore.

Pandey, V. and Pati, A. K. 2016. A new candidate of catalase appears during the germination

after priming in naturally aged Neem (Azadirachta indica) seeds. J. Plant Biochem.

Physiol.,A: 171-175.

Parera, C. A. and Cantliffe, D. J. 1992. Enhanced emergence and seedling vigor in shrunken-2

sweet com via seed disinfection and solid matrix priming. J. Amer. Soc. Hortic. Sci.,

117:400-403.

xiii



Passam, H. C. and Kakouriotis, D. 1994. The effects of osmocondilioning on the germination,

emergence and early plant growth of cucumber under saline conditions. Sci. Hortic.,

57:233-240.

Patade, V. Y,, Bhargava, S., and Suprasanna, P. 2009. Halopriming imparts tolerance to salt and

PEG induced drought stress in sugarcane. Agric. Ecosysr Environ., 134: 24-28.

Pearce, S. C., and DoberSek-Urbanc, S.1967. The measurement of irregularity in growth and

cropping. J. Hortic. Sci., 42: 295-305

Perry, D. A. and Harrison, J. G. 1977. Effects of seed deterioration and seed-bed environment

on emergence and yield of spring-sown barley. Ann Appl Biol., 86: 291-300

Prasetyaningtyas, M. 2007. Santalum album L. Seed Leaflet No. 116. Forest and Landscape

Denmark, Horsholm, Kongevej, Denmark, pp. 1 -2.

Prashanthkumar, M., Chaurasia, A. K., and Bara, B. M. 2017. Effect of osmopriming on seed

germination behaviour and vigour of chickpea {Cicer arietinum L.). USH., 8(2): 330-

335.

Radford, P. J. 1967. Growth analysis formulae—their use and abuse. Crop Sci., 7:171-5

Rai, S. N. 1990. Status and cultivation of sandalwood in India. In: Hamilton, L. and Conrad, C.

E. (eds). Proceedings of a Symposium on Sandohvood in the Pacific. Honolulu, Hawaii.

Pacific Southwest Research Station, USDA Forest Service, Berkeley, pp. 66-71.

Rai, S. N. and Kulkami, H. D. 1986. Sandalwood plantations. In: Srivastava, H. C., Bharatendu,

v., and Menon, K. K.. G. (eds). Plantations Crops Vol I. Opportunities and constraints.

Oxford and IBH Publishing Co., New Delhi, pp. 295-300.

Raj, N. S., Chaluvaraju, G., Amruthesh, K. N., Shetty, H. S., Reddy, M. S., and J. W. Kloepper,

2003. Induction of growlh promotion and resistance against downy mildew on pearl

millet {Pennisetum glaucum) by rhizobacteria. Plant Dis. 87: 380 - 384.

Rangaswamy, N. S. and Rao. P. S. 1969. Experimental studies on Santalum album L.

Establishment of tissue culture of endospenn. Phytomorphol., 13: 450 -454.

Rao, P. S. 1969. Accelerated germination of sandal. Ind. For., 95: 158 -159.

Rao, P. S. and Srimathi, R. A. 1976. Vegetative propagation of sandal {Santalum album L.).

Curr. Sci., 46: 276-277.

XIV



>

Rathore, G. Joshi, A. N. Anm Kumar, and P. Aggarwa!. 2007. Institute of Wood Science and

Technology, Bangalore, pp. 18.

Rathore, T. S., Goyal, B., Dubey, A. K., and Rao, P. S, 2007. In-vifro cloning of sandalwood

(Santalum album L.) through axillary shoot proliferation and evaluation of genetic

fidelity. In: Proceedings of National Seminar in IWSf Bangalore, December 12-13,

2007. pp 85-91.

Rawat, L, Singh, Y., Shukla, N., and Kumar, J. 2011. Alleviation of the adverse effects of

salinity stress in wheat {Triticum aestivum L.) by seed biopriming with salinity tolerant

isolates of Trichoderma harzianum. Plant Soil., 347: 387-400.

Rinku V. P., Krishna Y. P., Jasrai, R. T., and Nayana, B. 2017. Effect of hydro priming and

biopriming on seed germination of Brinjal and Tomato seed. Res. J. Agric. For. 5c/.,

5(6):1-14.

Rodriguez, R. M., Avlov, S., Gonzalez, A., Oukarroum, A., and Strasser, R. J. 2003. Can

machines recognize stress in plants?. Environ. Chem. Lett. !: 201-205.

Rodriguez, R. Z., Luis, G. H. M., Bernardo, M. A., Edgar, O. R. L., Lara, C, E., Troyo, D., and

Matson, M. V. C. 2015. Effect ofhydroprimingand biopriming on seed germination and

growth of two Mexican Fir Tree species in danger of extinction. For., 6 (9): 3109-3122.

Rudrapal, A. B. and Nakamura, S. 1988. Use of halogens in controlling eggplant and radish seed

deterioration. 5ce(i 5c/. TechnoL, 16: 115-122

Sanjaya, Ananthapadmanabha, H. S., and Ravishankar Rai, V. 1998. In vitro shoot multiplication

from the mature tree of Santalum album L. In: Radomiljac, A. M.,

Ananthapadmanabha, H. S., Welboum, R. M., and Rao, K. S. (eds). Sandal and its

Products. ACIAR Proceedings. No. 84. ACIAR, Canberra, Australia, pp. 60-65.

Saracco, P., Bino, R. J., Bergervoet, J. H. W., and Lanteri, S. 1995. Influence of priming-induced

nuclear replication activity on storability of pepper {Capsicum annuum L.) seed. Seed

Sci. Res., 5: 25-29,

Satyanarayana, B., Devi, P. S., and Arundathi, A. 2011. Biochemical changes during seed

germination of Sterculia urens Roxb. Nat. Sci. BioL, 3: 105-108.

Schwember, A. R. and Bradford, K. J. 2010. A genetic locus and gene expression pattern

associated with the priming effect on lettuce seed germination at elevated temperature.

Plant Molecular BioL, 73: 105-118.

XV



Senaratna, T. and Mc ICersie, B. D. 1983. Dehydration injury in germinating soybean {Glycim

max L.) seeds. Plant PhysioL, 72: 620-624.

Sengupta, J. N. 1937. Seed weights, plant percents, etc for forest plants in India, bid For. 1 (5):

1-221.

Shah, H., Jalwat, T., Arif, T., and Miraj, G. 2012. Seed priming improves early seedling growth

and nutrient uptake in miing bean. J. Plant Nutri., 35: 805-816.

Sharanappa, Devaraju, P.J., Siddaraju, R., Parashivamurthy and Gowda, R. 2013. Studies on

the influence of accelerated ageing and seed priming on seed quality parameters of

sunflower {Heliantbus annuus L.) hybrid KBSH-41 and its parents. Mysore J. Agric.

ScL, 47,81-88

Sharifi, R. S. 2012. Study of nitrogen rates effects and seed biopriming with PGPR on

quantitative and qualitative yield of safflower (Carthamus rinctorius L.). Tech. J.

Engin. Appl. ScL, 2 (7): 162-166.

Singh, B. G. and Rao, G, 1993. Effects of chemical soaking of sunflower {Heliantbus annuus

L.) seed on vigour index. Ind. J. Agric. 5c/., 63: 232-233.

Singh, R. 2017. Effect of seed priming on seed germination and vigor of Aegle marmelos. J.

Pharmacognosy Phytochemistiy., 6(5): 446-449.

Sivritepe, H. O. and Dourado, A. M. 1995. The effect of priming treatments on the viability and

accumulation of chromosomal damage in aged pea seeds. Ann. Bot.^ 75: 165-171.

Smith, J. W., Pammenter, N. W., Berjak, P. 2001. The effect of two drying rates on the

desiccation tolerance of embryonic axes of recalcitrant jackfruit {Artocarpus

heterophyllus Lamk.) seeds. Bot., 88: 653-664.

Soriano, D., Orozcosegovia, A., Marquezguzman, J., Kilajima, K., Buen, A. G., and Huante, P.

2011. Seed reserve composition in 19 tree species of a tropical deciduous forest in

Mexico and its relationship to seed germination and seedling growth. Ann. Bot.., 107:

939-951.

Srimathi, R. A. and Rao, P. S. 1969. Accelerated germination of Sandal, bid. For. 95: 158-159.

Srimathi, R. A., Kulkami, H. D., and Venkatesan, K. R. 1995. Recent advances in research and

management ofSandal (Santalum album L.) in India. Associated Publishing Co., New

Delhi, India, 4l6p.

Srinivasan, V. V., Sivaramakrishnan, V. R., Rangaswamy, C. R., and Ananthapadmanabha, H.

S. 1992. Sandal, Santalum album Linn. Indian Council of Forestry Research and

Education. ICFRE, Bangalore, India, 186p.

xvi

16?



Srivastava, A. K., Lokhande, V. H.» Patade, V. Y., Suprasanna, P., Sjahril, R., and D'Souza, S.

F. 2010. Comparative evaluation of hydro-, chemo-, and honnonal priming methods

for imparting salt and PEG stress tolerance in Indian mustard (Brassica juncea L.).

Acfa Physiol. Plant.^ 32: 1135-1144.

Styer, R. C. and Cantliffe, D. J. 1983. Evidence of repair processes in onion seed during storage

at high seed moisture contents. J. Exp. Bot., 34: 277-282.

Subasinghe, S. M. C.U. P. 2013. Sandalwood research: A global perspective. J. Trop. For.

Environ., 3(1): 1-8.

Suiheesh, K., Jijeesh, C. M., and Divya, T. P. 2016. Evaluation of organic and inorganic pre-

treatment for better seed germination and seedling vigour in Santalum album L. Plant

Arch. 16(1): 143-150.

Sukesh, S. H. and Chandrashekhar, K. R. 2011. Biochemical changes during storage of seeds of

Hopea ponga (Dennst.) Mabberly: an academic species of Western Ghats. Res J of Seed

ScL,4: 106-116.

Sun, H., Lin, L., Wang, X., Wu, S., and Wang, X. 2011. Ascorbate-glutathione cycle of

mitochondria in osmoprimed soybean cotyledons in response to imbibitional chilling

injury. J. Plant Physiol., 168: 226-232.

Sung, F. J. M. and Chang, Y. H. 1993. Biochemical activities associated with priming of sweet

com seeds to improve vigor. Seed Sci. Technol., 21: 97-105.

Sung, J. M. and Chiu, K. Y. 1995. Hydraiion effects on seedling emergence strength of

watermelon seed differing in ploidy. Plant Sci., 110: 21-26.

Sung, Y., Cantliffe, D. J., Nagata, R. T., and Nascimiento, W. M. 2008. Structural changes in

lettuce seed during germination at high temperature altered by genotype, seed maturation

temperature and seed priming. J. Am. Sac. Hortic. Sci., 133: 300-311.

Taiz, L. and Zeiger, E. 2002. Plant Physiolog)', 3 edn. Sinauer Associates, Inc. Publishers,

Sunderland, Massachusetts.

Taylor, A. and Seel, W. E. 1998. Do Striga hermonthica-induccd changes in soil matric potential

cause the reduction in stomatal conductance and growth of infected maize? New

PhytoL, 138:67-73.

Taylor, A. G. and Harman, G. E. 1990. Concepts and technologies of selected seed treatments.

Ann. Rev. PhytopathoL, 28: 321-339.

XVII

\b^



Taylor, A. G., Allen, P. S., Bennett, M. A., Bradford, K. J., Burns, J. S., and Misra, M. K.. 1998.

Seed enhancements. SeedSci. Res., 8: 245-256.

Thomas, U. C., Varghese, K.., Thomas, A., and Sadanandan, S. 2000. Seed priming for increased

vigour, viability and productivity of upland rice. Leisa India., 4: 14-19.

jv Toole, V. K. andToole, E. H. 1953. Seed dormancy in relation to longevity. Int. Seed Test Assoc.,

18:325-328

Umair, A., Ali, S., Taree, M. J., Ali, 1., and Tareen, M. N. 2012. ElTects of seed priming on the

antioxidant enzymes activity of mungbean (Vigna radiata) seedlings. Pak. J. Nutr., 11:

140-144.

Uniyal, D. F., Thapaliyal, R. C. and Rawat, M. S. 1985. Vegetative propagation of sandal by root

cunings. Indian Forester. Ill: 145148.

VanPijIen, J. 0., Groot, S. P. C., Kraak, H. L., Bergervoet, J. H. W., and Bino, R. J. 1996. Effects

of pre-slorage hydralion treatments on germination performance, moisture content,

DNA synthesis and controlled deterioration tolerance of tomato {Lycopersicon

esculentuni. Mill.) seeds. SeedSci. Res., 6: 51-63.

Vandecasteele, C., Teulat-Merah, B., Morere-Le, P. M. C., Leprince, O., Ly, V. B., and Viau, L.

^  2011. Quantitative trait loci analysis reveals a correlation between the ratio of
sucrose/raffinose family oligosaccharides and seed vigour in Medicago truncatula.

Plant Cell Environ., 34: 1473-1487.

Varghese, J. 1976. Munnar Working Plan 1972-73 to 1981-82. Kerala Forest Department, Govt.

of Kerala.

Varier, A., Vari, A. K., and Dadlani, M. 2010. The sub cellular basis of seed priming. Curr. Sci.,

99: 450-456.

Venkatesan, K. R. 1980. A fresh look at the management of sandal. Sandal Research Centre.

Bangalore. In Proceedings of Second Forestry Conference, F.R.I. & Colleges, Dehra

Dun.

Venkatesan, K. R. 1995. Sandal and Social Forestry. In: Srimathi, R. A., Kulkami, H. D., and

Venkatesan, K. R. (eds), Recent Advances in Research and Management ofSantalum
f

album L. in India. Associated Publishing Company, New Delhi, pp. 199-206.

Venkatesan, K. R. and Srimathi, R. A. 1981. Environment - A role of sandal. In: Proceedings of

Seminar on Forest & Environment, Kamataka Forest Department, Bangalore, 217 -220.

XVIII



Venudevan, B. and Srimathi, P. 2013. Conservation of endangered medicinal tree bael {Aegle

marmelos) through seed priming. J. Med. Plants Res.^ 7(24): 1780-1783.

Vijayalakshmi, K.. and Sundaralingam, K. 2018. Enhancement of Vigour Status llirough

Micronutrient Priming and Humid Invigouration in Sesame. Madras Agric. J., 105 (1-

3): 40-43
*

Vijayan, V. and Rahees, N. 2015. Influence of light on seed germination of Sandal {Santalum

album L.). Bioinfolet. 12(1): 278-279.

Villiers, T. A. and Edgecumbe, D. I. 1975. On the cause of seed deterioration in dry storage.

SeedSci. TechnoL, 3: 761-774.

Wahid, N. and Lahouari, B. 2013. The relationship between seed weight, germination and

biochemical reserves of maritime pine {Pinus pinaster Ait.) in Morocco. New Forests.,

44:385-397.

Wang, T., Sistrunk, L. A., Leskovar, D. I., and Cobb, B. G. 2011. Characteristics of storage

reserves of triploid watermelon seeds: association of starch and mean germination

time. Seed Sci. Techno!., 39: 318-326.

?  Wenfan, W., Suyu, L., Binfan, L., and Guangiu, L. 2010. Effect of PEG on seedling growth and

seed germination of Echinochloa crusgalli. Chinese Agric. Sci. Bullet., 58: 132-135

Williams, R. F. 1946. The physiology of plant growth with special relation reference to the

concept of net assimilation rate. Ann. Bat., 10: 41-72.

Woodall, G. S.2004. Cracking the woody endocarp of Santalum spicatum nuts by wetting and

rapid drying improves germination. Aus. J. Bat., 52: 163 - 169.

Yadav, J., Verma, J. P., and Tiwari, K. N. 2010. Effect of plant growth promoting Rhizobacteria

on seed germination and plant gro\vth chickpea {Cicer arietinum L.) under in

vitro conditions. Biol Forum: Int. J., 2: 15-18.

^  Yagmur, M. and Kaydan, D. 2008. Alleviation of osmotic strength of water and salt in

germination and seedling growth of triticale with seed priming treatments. Afr. J.

BiotechnoLy 7: 2156-2162.

xtx



Yeh, Y. M., Chiu, K. Y., Chen, C. L. and Sung, J. M. (2005). Partial vacuum extends the

longevity of primed bitter gourd seeds by enhancing their anti-oxidative activities

during storage. Sci. Horiic., 104: 101-112.

Yemm, E. M. and Willis, A. J. 1954. The estimation of carbohydrates in plant extracts by

Anthrone. Biochem, y., 57: 508-514.

Zheng, G., Ronald, W., Slinkard, A., and Gusta, L. V. 1994. Enhancement of canola seed

germination and seedling emergence, Crop Sci.y 34: 1589-1593.

Zorita, M. D. and Canigia, M. V. F. 2009. Field perfonnance of a liquid formulation of

AzospmUum brasilettse on dryland wheat productivity. Europ. J. Soil Biol., 45: 3-11.

XX

n'



Impact of seed priming techniques on germination and seedling
performance in sandal {Santalum album, L.)

Bj

^  CHITRAP (20] 7-17-005)

ABSTRACT OF THE THESIS

Submitted In partial fulfillment of the requirement for the degree

MASTER OF SCIENCE IN FORESTRY

Facult>' of Forestry

Kerala Agricultural University'

f

DEPARTMENT OF SILVICULTURE AND AGROFORESTRV

COLLEGE OF FORESTRY

KERALA AGRICULTURAL UNIVERSITY

VELLANIKKARA

THRISSUR, KERALA

2019



ABSTRACT

Santalum album L, known as ihe East Indian Sandalwood is a semi-root parasitic tree native

to South India and it is one of the most precious and valuable among Indian forest trees. The poor

rate of germination coupled with long germination period is the major constraints in the regeneration

of sandal. Present study was conducted to assess the impact of seed priming teclmiques on the

germination and seedling growth attributes of sandal at College of Forestry, Vellanikkara, Thrissur.

The effect of different duration and concentration of priming agents viz. water (Hydropriming for 3,

6, 9 and 12 days), Pseudomonas fluorescem (Biopriming at 25, 50, 75 and 100% for 2, 4, 6 and 8

days). Polyethylene Glycol 6000 (Osmopriming at 5, 10, 15 and 20% for 3, 6, 9 and 12 days) and

MnSOa (Chemical priming at 0.4, 0.6, 0.8 and 1.0 M for 3, 6, 9 and 12 days) on seed genninaiion

and subsequent seedling growth in sandal were studied. The non- primed seeds were kept as control.

Primed seeds were stored for one day and one month after the completion of priming processes and

the germination and seedling growth were obsei"ved. The germination was obtained only in the seeds

stored for one day after priming process and the seeds stored for one month failed to germinate.

Results indicated that the hydropriming of the seeds could not improve the germination of

the sandal seeds compared to control. Biopriming significantly increased the seed germination and

the highest germination percentage (88%) was recorded in the seeds subjected to biopriming for 8

days at 100% concentration, which was 1.9 times higher compared to control. Tlie highest

germination recorded in osmopriming was 78%. The chemical priming with MnS04 at different

concentrations for 3 days also recorded the higher germination (88%) comparable to biopriming.

Electrical conductivity was the highest in the leachates of seeds hydroprimed for 12 days

(1.96 dS cm"') and was the lowest in seeds subjected to biopriming (0.03 dS cm"'). The leachate

conductivity of the seeds subjected to osmopriming treatments (1.69 dS cm"') was comparable to

that of the hydropriming treatments. Although the different concentrations and duration of MnS04

reduced the leakage of solutes from the sandal seeds, the electrical conductivity was higher than

that of the biopriming treatments. Hence, biopriming treatments were the best in reducing the

leakage of solutes from the cells leading to better membrane integrity and stability. Biochemical

analysis of the primed and non-primed seeds indicated that the hydropriming treatments recorded

significantly lower carbohydrate, protein and crude fat content compared to control.



The biopriming and osmopriming treatments increased the total carbohydrate and protein content

of the seeds whereas, a reduction in crude fat was observed. Chemical priming also increased the

carbohydrate and protein content compared to control but was lower than that of seeds subjected to

biopriming and osmopriming.

A better seedling growth was also obtained on biopriming seeds at 100% concentration of

Pseudomonas fluorescens for 8 days, which resulted in tallest seedlings (33.10 cm) witli collar girth

of 9.28 mm, 17 leaves per plant, root length of 8.35 cm and seedling dry weight 0.92 g. The

biopriming treatments improved the vigour index of the sandal seedlings compared to control.

Seedlings obtained from chemical priming also performed better than control. Hydropriming and

osmopriming could not enhance the growth and biomass production of the sandal seedlings

compared to control. Overall it can be concluded that the better priming treatments to enhance the

germination and seedling growth attributes of sandal was in the order: biopriming at 100% for 8

days >biopriming at 50% for 8 days >biopriming at 75% for 8 days >biopriming at 100% for 6 days

>biopriming at 75% for 6 days > chemical priming at 1.0 M for 3 days >bioprimmg at 50% for 4

days. The results of the present investigation can be applied in forest nurseries to obtain increased

and uniform germination of sandal seeds which can ensure the quality planting stock production.
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