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INTRODUCTION

The two main global challenges currently attractipgpular interest are
climatic changes and biodiversity loss. Accordiodasgupta (1995), the utilization
value of biodiversity is to be located in the pat@nfuture uses of genetic materials
especially for pharmaceutical purposes. Medicpiahts are the complex chemical
storehouses that contain many undiscovered comgowitth unknown medicinal

properties.

Plants have been a major source of therapeutictegerce time immemorial.
The increasing acceptance of traditional herbalesys of medicine, like Ayurveda,
within India and outside, has resulted in the ravf ancient traditions of medicine.
Medicinal plants and their derivatives are thuskixb upon not only as a source of
affordable health care, but also as an importamneodity item of international trade
and commerce (Kurian and Sankar, 2007).

In view of the phenomenal increase in the demdntedoal drugs, medicinal
plants have been indiscriminately exploited leadiogarity and endangerment of
many valued plant species. In India, more tha@®@er cent plant species, utilized
by user industry are collected from wild and overOD per cent of the collection
involves destructive harvesting of officinal patfilse root, bark, wood, stem and
whole plant. This possesses immense threat to éhetig stock of these medicinal
species. As per IUCN (International Union for Cem&tion of Nature and Natural
Resources) guidelines, around 200 species havenigegare, endangered and
threatened (Kurian and Sankar, 2007).

The medicinal plant known as ‘Bala’ in Sanskritdrejs to the genuSda of
the family Malvaceae. The genus is of great impme in the Indian traditional
systems of medicine and is one of the most widegduaw drug in the production of

different Ayurvedic formulations. It is reputed agemedy for curing neurological



disorders, as an anti-rheumatic and anti-pyretenag It is also reported to possess
anti-tumor, anti-HIV, hepatoprotective, abortifatie antimicrobial and
immunostimulant properties (Khargt al., 2002). Sda species are a source of
indoloquinoline alkaloids, principally cryptolepine which produce many
pharmacological effects such as anti-microbial,i-apperglycemic and cytotoxic

effects and as leads in the design of new anticaidrogs (Karotet al., 2005).

In recent years, the growing market demandSda speciesnakes it difficult
to rely on harvesting the plant material from thiédvior its supply. Sda alnifolia
(Syn. Sda rhombifolia ssp. retusa), the principal source of Bala in Kerala, has
reached a stage of rarity due to habitat destmucbwer exploitation and destructive
harvesting for collection of roots, the officinamh Low reproductive capacity, seed
output and seed viability (Lissy, 2004) also adustg rarity. Out of 230 species
Sda alnifolia ranks top in procurements of raw drugs by Ayurgeddustries, with
an annual consumption of 1193.47 tons per yearidBasn and Muraleedharan,
2009). Sda alnifolia is one among the 35 (short duration) medicinahtsigromoted
for cultivation by National Medicinal Plant Boardew Delhi. Market surveys have
indicated that roots of other speciesSda and a few other Malvaceous plants and
even plants belonging to other genera’s includilgytilon species, two species of
Urena, two species oPavonia and Grewia, Triumfetta rhomhoidea, Malvastrum
coromandalianum and everAnisomeles indica (Lamiaceae) are considered as sound
substitutes, used to adulterate Bala (Aiyer & Kataah 1993). In KeraléSda
alnifolia is used as the drug while North Indian preparatior@nly containSda
cordifolia (Shylajaet al., 2006).

Seeds ofSda species are reported to exhibit seed coat impaeethancy
posing problems in germination (Egley, 1989; Sewl &upta, 1998). Though few
attempts have been made to elucidate the reasondofmancy inSda species
(Egley, 1976; Chauhan and Johnson, 2008), detaliet are warranted to identify



the factors responsible for inducing dormancy amd establish germination
requirements to bypass natural seed dormancy mischan Available literature on
seed treatments to improve germinatioisitta species (Seal and Gupta, 2000; Lissy,
2004; Chauhan and Johnson, 2008) have focused ramnggion percentage alone
and effect of treatments on the growth and vigduthe seedling is little studied.
Storage behaviour of seeds is important from theseo/ation and domestication
point. Specific information on seed productiongmtal, dormancy, germination and
response to storage are needed to plan and exacob@servation strategies and
domestication programmes in genfigla, which are at present limited. In this

context, the study was taken up with the followafgectives:

To assess seed production potentidida spp.
To characterize dormancy behaviouSda spp.

To standardize ideal pre-treatments for improviaghgnation inSda alnifolia

A

To study seed storage behaviouGida alnifolia
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REVIEW OF LITERATURE

The genusSda belonging to Malvaceae family, constitute a langenber of
herbs and shrubs distributed throughout the tropigeld in repute by Ayurvedic
physicians, this genus constitutes the medicinatigiaimed group of plants, balas,
which find application as a panaceae for rheumaasih neurological complaints.
Four varieties namely, bala, atibala, nagabala arahabala are mentioned in
bhavaprakasa nighantu, which constitute the grdum@catustyam. The other two
varieties, rajabala mentioned in rajaninghantu latmoimibala in oushadhinighantu are
not in vogue in practice. Of the four types ofebatentioned above as accepted by
Ayurvedic formulary of India, bala is the most wigleised. This has been equated
with Sda cordifolia and is the widely used source of bala in northern paftgdia.
Kerala physicians have adopt8dla alnifolia (Sda rhombifolia ssp.retusa) for this
drug (Sivarajan and Balachandran, 1994). Varidhsrospecies lik&da acuta, S.
rhombifolia, S. humilis and S veronicaefolia are also used in Ayurvedic system
(Kirtikar et al., 2003). The natural occurrence &fda species especiallfada
alnifolia is getting reduced due to over exploitation, umguatous collection and
destruction of habitat. The literature available seed production, dormancy,
germination and storage of seeds in members of &dale with special reference to
Sda species and similar species which exhibit dormaeyreviewed in this chapter.

2.1. COMMONSda spp.

2.1.1.Sida acuta Burm. (Common wireweed)

These are erect shrubs or subshrubs upto one nadker Branches are
distichous, green, terete, pubescent with minut#ast hairs or glabrescent. Leaf
blades on flowering and fruiting shoots are 3-6- dm lanceolate to ovate, truncate
at base, serrate, entire towards base; leaveswngymants are obovate, suborbicular

or elliptic-rhomboid, 3 nerved at base, in latenarves in 5-6 pairs and sparsely



hirsute to glabrate on both surfaces. Petiolesd&anm long, pulvinate on both the
ends. Stipules are 6-10 x 1-1.5 mm, unequal, aneeblate or falcate, 1-3 nerved,
the other linear to filiform. Flowers are solitapy paired in the leaf axils, pedicels
are 3-10 mm long, sparsely stellate-pubescent.yxdal5-6 cm diameter, 6-8 mm
long, campunalate, ciliate on margins, divided e tniddle, basally 10-costate,
corolla 8-10 mm in diameter, glandular and hairgtaminal column is 2-2.5 mm
long, glabrous or slightly pubescent; anthers palow; or white; petals 7-10 mm
long, obliquely obovate, outside sparsely glandbkry. Staminal column is 2-2.5
mm long, glabrous or minutely pubescent; anthets pallow measuring 1-1.5 mm
long. Ovary is 1.5 mm long, ovoid, sparsely hamwards apex; styles 6-8; stigma
globose and yellow. Shizocarp is 5 mm long, glabranericarps 6-8, 3 x 2 mm,
trigonous with acute angles, pale when mature, prently reticulate on the sides
below, reticulate or transversly rugose on the bagdically 2-awned, awns are
divergent, linear with dilated base, glabrous, atremualing to the calyx, 1-1.5 mm
long. Seeds are 2 mm long trigonous with roundegles, glabrous or shortly hairy
at hilum (Sivarajan and Pradeep, 1996).

2.1.2 Sida cordifolia L. (Country mallow)

Erect, branched shrubs or subshrubs upto 1.5 m &tém is terete, green,
densely tomentose with minute stellate and spregasiimple hairs. Leaf blades are
acute at apex, velvety to tomentose, often withptnmhairs on nerves and soft
tomentose, often with simple pilosa hairs, margagate to the base, basally 3-5
nerved, densely stellate tomentose beneath witlplgirhairs on nerves and soft
tomentose above. Petiole is 3-60 mm long, pubésegh simple patent hairs.
Stipules are filiform, 3-10 mm long. Flowers aaily, mostly solitary, occasionally
arranged in a very short, axillary, almost leaflgsging branches or aggregated
terminally into congested, paniculate or corymbifonflorescences. Pedicel is 2-3

mm long in flower and 15 mm in fruits, articulataidove the middle. Calyx is 5 mm



in diameter, 6-7 mm long, prominently 10 ribbednskly tomentose externally by
stellate hairs intermingled with simple hairs, desion the segment sparsely hairy
occasionally intermixed with simple hairs. Coroital0 mm in diameter, orange
yellow or creamy white; petals, 1 x 0.7 cm, obliguebovate, apex truncate or
slightly emarginated, minutely hairy at base. Staincolumn is 3 mm long glabrous
or minutely hairy. Ovary is subglobose, pubesaeeitit minute stellate hairs; styles
8-10; stigma capitate, yellow. Schizocarp is 64n in diameter, pubescent towards
apex; mericarps 8-10, 3.5 x 2 mm, trigonous witbht@angles, pale at maturity,
prominently reticulate on the sides, especiallyadms base and transversely rugose
on the back, apically 2-awned, awns far exceedalgx(3-4 mm long) with simple
retrose hairs. Seeds are brownish or black, glebar minutely hairy at hilum

(Sivarajan and Pradeep, 1996).

2.1.3.Sida alnifolia L. (Arrowleaf Sida)

Woody herbs or sub shrubs upto 50cm, usually lo& strongly branched.
Branches are prostrate or ascending, terete, greparplish-grey, stellate-tomentose
to glabrescent. Leaf blades are 0.5-5 x 0.5-4leaves towards stem base always
obovate with retuse or emarginated apex, rarelgctite; upper leaves obovate to
elliptic-lanceolate with the rounded, subobtuseaocute apex, obtuse or rounded at
base, margins irregularly serrate-dentate or ceet@the distal half, entire towards
the proximal half, upper surface pubescent withrtsimany rayed stellate hairs, lower
surface densely grayish tomentose with short, nmapgd stellate hairs. Petiole is 3-
5 mm long, stellate-pubescent, shortly pulvinulaééow the lamina. Stipules are 4.5
mm long, equal, linear to subulate, glabraseceRtowers are axillary, solitary,
sometimes due to reduction of distal leaves in ireahclusters. Pedicels longer than
the petioles, 3-4 mm long in flower, to 30 mm iwifs, glabrous, jointed at the
middle. Calyx is 6-7 mm in diameter, 6 mm longpescent with minute stellate

hairs, glabrous within, 5 lobed; the lobes 2 mngloovate to triangular. Corolla is



12 mm in diameter, orange-yellow; petals 7.8 xdf obliquely obovate, cuneate at
apex, glabrous except for the minutely hairy baS¢éaminal column is 3 mm long,

glabarous or minutely stellate-hairy, antherifercats apex. Ovary is 1.5 mm

diameter, depressed globose, glabrous; styles Whide; stigmas capitate, creamy-
yellow. Schizocarp is 4 mm long; mericarps 7-1G 2.5 mm, included in the

calyx, reticulate or rugose on the sides and batk, a pair of short stellately hairy

mucro at apex, mucro obtuse, retuse or emargiriadpex. Seeds are 2 mm long,
black, glabrous except for a puberulent hilum (&j&n and Pradeep, 1996).

2.1.4. Distribution and ecology

Sda acuta and Sda cordifolia are pantropical in distribution, occur nearly
throughout the India at an altitude ranging frora el to 1000 m. The plants grow
along roadsides, wastelands, sandy sea coast, plasts and railway embankments
and also as weed in upland cultivatioBda alnifolia is restricted to the plains and
hills of Southern peninsular India and occurs aloragdsides and forest clearings as
secondary growth in lateritic hill slopes and odmaally as a weed in upland

cultivation (Sivarajan and Pradeep, 1996).

2.1.5. Medicinal uses

Thedrug is held in great repute by Ayurvedic physisidor the treatment of
rheumatism and it forms the chief ingredient ofegal/important preparations like
ksirabala, dhanvantaram, balarishtam, rasnadi kasagsvagandhi leham etc. Root
is the officinal part. It is reported to be cogjjrsweet, demulcent, aphrodisiac and
tonic. It produces strength, imparts beauty tolihe@y and cures vatarakta, raktapitta,
consumption, polyuria and ulcers. The drug is alseful in neurological disorders
like hemiplegia, facial paralysis, sciatica, gehedability, headache, opthalmia,
dysuria, leucorrhea, tuberculosis, diabetes, feama uterine disorders (Sharma,
1983).



Several pharmacological activities of various specof Sda have been
reported. The roots @da acuta are extensively used as stomachic, diaphoretics and
antipyretics, are cooling and astringent. Tonigs aseful in treating nervous and
urinary diseases and also disorders of the bloibel ,aind liver (Khareet al., 2002).
The whole plant is used to treat snake bitdBathrops atrox venom (Otercet al.,
2000). Sda acuta has significant antiplasmodial activity due to idkaloid
cryptolepine (Karowet al., 2003; Banzouzet al., 2004). Its aerial part is used in
Central America to treat asthma, renal inflammatioold, fever, headache, ulcers
and worms (Cacerest al., 1987). Sda cordifolia roots are used to treat a variety of
ailments including pulmonary tuberculosis, rheusratihematuria, urinary and heart
diseases, Parkinson’s disease and as a food suppldor fat loss. It is a tonic,
astringent, emollient, aphrodisiac and is used ha treatment of leucorrhoea,
gonorrhea and general debility (Khatodral., 2005). Decoction of the root bark is
given in sciatica and rheumatism (Nair, 200&)da alnifolia is reputed as a remedy
for curing neurological disorders, as an anti-rhaticnand anti-pyretic agent; also it
is reported to possess anti-tumor, anti-HIV, hepatective, abortifacient,
antimicrobial and immunostimulant properties. Ththanolic extract ofSda
alnifolia possesses hypoglycemic activity. It is a toniges ulcer and biliousness
and is useful in urinary infection, leprosy andnskifection. The roots are used as
tonic, diaphoretic and useful in treatment of fevdebility, as demulcent in
irritability of bladder (Khareet al., 2002).

2.1.6. Chemical constituents oBida spp.

Due to pronounced therapeutic uses of vari@ga species in medicine,
various classes of chemical constituents are ctaraed from the genuSida,
include alkaloids, phytosterols, carbohydratesydteids, fatty acids, amino acids,
miscellaneous constituents like long chain hydrocas, alcohol, coumarins,

phenolic acids etc. Presence of phytosterols,l@tiea and fatty acids may be



responsible for its medicinal properties. Due tespnce of free amino acids and
carbohydrates, the plants of this genus are besegl @s tonic. Elaboration of the
quinoline alkaloid seems to be a characteristitufeaof this genus. The favourable
combination  of  sympathomimetic amines, choline, upsephedrine,
betaphenethylamine, vascin, hipaphorine and relagale alkaloids and vasicinone
of the different species would account for theijondaherapeutic uses in the Indian
system of medicine (Shaman Australis Ethnobotasi@802; Atulet al., 2007). The
alkaloid content in the root was reported to ®hé& per cent inSda rhombifolia
(Shaman Australis Ethnobotanicals, 2002). HoweNeras reported that the roots
contained 450 ppm of alkaloids and leaves conespeactable amounts of nutrients,

protein, carbohydrates, fiber, fat and ash.
2.1.7. Flowering and seed production potential

Callenet al. (1989) reported thefida species as one of the main sources of
pollen for Apis mellifera in Gabon and Ivory Coast. Sivarajan and Prade8p6(lL
reported thatSda acuta flowers almost throughout the year. The flowepero
between 9.15 and 9.30 in the morning on sunny dagswither by 11.00 am. In
Sda cordifolia, peak flowering is from July to September. Tlmviérs open at about
9.00 am and wither off by 2.00 pnSda alnifolia flowers from August to April in
Kerala. The flowers open at about 9.00 am andewidly 2.00 pm. Parrotta (2001)
reported thatSda rhombifolia flowers and fruits continuously, starting at 3 4r
months of age in Puerto Rico. In Central Indianps flower from September to
December and fruit from October to January.

Holm et al. (1997) and Calderoe al. (2000) reported that number of seeds
per plant inSda rhombifolia was 11,600 and 7,962 respectively. &ikl. (2010)
found thatSda rhombifolia to be most abundant and most frequent specielsein t

pine forest. The pine forest showed a surfacedgmibity of 2311 seedsm



2.2. DORMANCY

Dormancy is regarded as the temporary suspensiorsible growth of any
plant structure containing a meristem (Lang, 1987@rmant seeds do not germinate
when supplied with suitable temperature, adequatéstare and oxygen. The
phenomenon of seed dormancy cannot be divorced ftemprocesses of seed
development and germination. Seed dormancy imied during seed development,
the process being influenced by the parental aigotky genotype (Simpson, 1990).
The genotype will interact with the different eronmental and physiological
phenomena’s which occur from anthesis to seed iapgroducing varying degrees
of dormancy (Jain, 1982; Noodehal., 1985).

The final phase of seed development involves the & water and cessation
of reserve synthesis, where after the seed enterstabolically inactive state. The
process of drying converts the seed to a dispstsatture, which will germinate if
conditions are favourable. Thus seed desiccatibreaes permanent changes in seed
metabolism. The seed progresses from the devejgpage to a propagule which is
equipped for germination and establishment. Immt seeds, the period between

desiccation and germination is extended.

For germination to occur, a seed requires moistu#able temperature and
in most cases an aerobic atmosphere. If one oe mbthese requirements are not
met, germination will fail to take place and in ghtondition the seeds may be

regarded as being in a state of imposed dormanalgis, 1972).
2.2.1. Causes of dormancy

Causes of seed dormancy are many and varied. hnaadility of seed coat
to water and gases, immaturity of the embryo, spaequirement for temperature

and light, presence of inhibitors and mechanicsirieion to embryo growth are the



major reasons (Tran and Cavanagh, 1984). Primargnahcy was proposed for
dormancies occurring due to pre-harvest or preetlssgd changes in seeds and the
secondary dormancy is the one induced followingyéstror dispersal, by natural or

artificial means (Khan and Karssen, 1980).
2.2.2. Coat-imposed dormancy

Although the causes of coat-imposed dormancy aled@eumented, in seeds
of Sda acuta, Sda rhombifolia, Sda spinosa, Urena lobata and Commelina
benghalensis (Egley, 1989; Seal and Gupta, 2000; Wahgl., 2009). It has become
clear that seed coat dormancy is a more complexigghenon than anticipated.
Therefore, it is necessary to detail the sequehexents leading to dormancy in the
seed, to identify the dormancy mechanism in the seat and finally to establish the
precise location and nature of the barrier to geation. Developmental studies
(anatomical and ultra structural) have proved tovital in identifying the type of
seed coat dormancy and in providing informatiort@a$ow it is broken naturally.
The seed coat has been shown to be a multifun¢torzgan which supplies nutrients
to the embryo sac throughout the development (Muri®87) and is functional
during drying of the seed (Hyde, 1954; Manning areh Staden, 1985).The
structural and chemical properties of the seed am@ibse impermeabilityVan
Staderet al., 1989), regulate water entry once dormancy has beoken and reduce

leakage from embryo during imbibition (Kelly andriv&taden, 1987).
2.2.3. Structural features responsible for seed inrggmeability

The impermeability of the seed coat to water arghges and mechanical
restriction of the embryo is achieved structuradlyd / chemically. Structurally,
impermeability is imposed as the seed shrinks dummaturation, the strips of
thickenings in the upper part of each epidermdl telcome pressed together until

they occlude the cell lumen entirely (Van Staderal., 1989). Further loss of



moisture can be attributed to the action of thearhiinechanism in papilionoid
legumes and the pleurogram in caesalpinoid and soidolegumes, while seeds
lacking these mechanisms must lose water through tdsta (Hyde, 1954).
Compression of the palisade layer reinforces theemmeability to water (Corner,
1951; Graaff and Van Staden, 1983) while porousrosatereids can be used as an
indicator of permeability inAspalathus linearis (Kelly and Van Staden, 1985),
Glycine max (Harris, 1987) antlupinus augustifolius (Serratoet al., 1989).

2.2.4. Chemical features responsible for impermeality of seed

Chemically, the deposition of hydrophobic substanicethe palisade cells,
such as callose iBesbania punicea (Riggioet al., 1987), callose, lipid and suberin in
Melilotus alba (Riggio et al., 1989) and the conversion of hydroxyphenolics to
insoluble lignin polymers irdda spinosa ensure that the seeds remain impermeable
to water and / or gases (Egletyal., 1983).

2.2.5. Structural and chemical features responsibl®r impermeability of seed

Differences in the lignification of palisade ceils Sda spinosa (Egley and
Paul, 1981),Cuscuta pedicellata and Cuscuta campestris (Lyshede, 1984) also
produce permeable and impermeable seeds. In sases the impermeable barrier
include surface as well as palisade layers. Famge, in Rhynchosia minima,
impermeability is ensured by a waxy / lipoidal sueé material, a hemicellulose /
cellulose barrier, followed by the palisade cetistaining cellulose fibrils, arabinans,
phenolic compounds and tannins (Rangaswamy and d{antar, 1985). In
Halimium halimifolium seeds, the exotesta exerts a physical effect mbowtion
with the phenols in the coat to prevent dorman&figet al., 1988). However, there
are not always structural and / chemical differenbetween impermeable and
permeable seeds of the same species and the oétilre substances present in the

testa differs from species to species. Caxcis siliquastrum, the impermeability is



due to a thin layer (the remains of the inner integnt) of the copious endosperm
(Riggioet al., 1985). In fact there may be a number of wayshich impermeability

is achieved, the fundamental hypothesis remairat, ttte seeds are dormant due to
the properties of the seed coat which prevent miwy f water and / oxygen.

2.2.6. The phenomenon of polymorphism

The occurrence of polymorphism in species whichlekkeed coat dormancy
usually allows for a small percentage of seedsetadadily permeable. This may
occur on the basis of seed colour, weight or sf2elour changes are associated with
the onset of impermeability i@nonis sicula (Graaff and Van Staden, 1983). Long
days permitted the developmental processes ofaibe ® overtake those of the fruit,
mature impermeable seeds are then shed from thé p&hort days resulted in the
developmental processes of the seed lagging behiose of the fruit, the pods
dehisced and seeds were shed before testa matuaatibseed impermeability. This
may be the reason why a small percentadgesifania punicea seeds were permeable
in a South African study (Graaff and Van Stader83)9 In a similar European study
only permeable seeds were foundsesbania punicea (Riggioet al., 1987). In most
cases, when polymorphism exists, anatomical difileee can be identified between

permeable and impermeable seeds (Kelly and Vare8td®85).

2.2.7. Mechanical constraints of coat-imposed dornmay

When the seeds &yringa species imbibe and still do not germinate, thel see
coat or endosperm may be preventing germinatiorharecally (Juntilla, 1973). The
high resistance to radicle emergence may decrehea gibberellins are applied, or
by incubating seeds at high levels of Watkins and Cantliffe, 1983). Mechanical
scarification ofiris lorteti seeds at the micropylar end allowed for radicatrpsion
and germination (Blumenthadk al., 1986). Non-imbibed (hardyis lorteti seeds
required a pressure of 135 atmospheres to ‘forcatexvinto the seeds, ensuring



imbibition and germination, while folris atropurpurea, 75 atmospheres was
sufficient (Blumenthaét al., 1986).

2.2.8. The role of inhibitory substances in coat-ippsed dormancy

Soaking of impermeable seeds may result in subssateaching from the
seed coat. If seeds germinate once, leachingngpleted; an inhibitory substance
may have been present. Very often inhibitors aesgnt concurrently with other
dormancy mechanisms. These substances need hotrinenal. Sesbania punicea
seeds exude an orange substance upon imbibitioithwdould be an inhibitory
substance (Graaff and Van Staden 1984).

Felix and Harr (1987) reported that polyamine contd 15 wild species and
15 crop species from 13 families including Malvagdaefore and after germination.
A marked increase in polyamine content generallguoed in the cotyledons or

endosperm on germination.

Newton and Egley (1977) found that both dormant and-dormantSda
spinosa seeds contained water-soluble inhibitors. Wilkaand Hoagland (1982)
reported the combination of coumarin with p hydiosgzaldehyde to inhibit the
germination ofSesbania exaltata and Sda spinosa to a greater extent than either

compound alone.

Fischeret al. (1989) reported that seed germination of the tgiedons and
monocotyledons was both inhibited and promotededédmg on the compound and

the specific species or cultivars, at concentragi®iow as 1 M.

Coloradoet al. (1994) reported that expression of the ABA-retgdaclones
was dependent on the presence of calcium ionsgestigg that calcium was involved
in the response of the seeds to ABA.



Alhadi et al. (2012) suggested that amino acid reserves irsekegs are major
determinants for germination capacity and germamabehaviour in the germination

of pomegranate.

Hassaret al. (2013) reported that inhibitors present in thetérof Terminalia
laxiflora have inhibitory effect on the seed germinationegiNt al. (2014) reported
that Nickel (Ni) when in excess, inhibits seed geation and reduces seedling

growth inTriticum aestivum.
2.2.9. Removal of coat-imposed dormancy under natal conditions

Removal of the impermeable barrier is achieved llgee mechanical or
chemical scarification. Cracking of the testa dgrifires and exposure to solar
radiation have all been mentioned as natural ageAs none of these treatments
result in the immediate removal of dormancy, theatlan and intensity will depend

on the type of dormancy breaking agent involved.

Seed dormancy irLeucospermum cordifolium is imposed partly by the
impermeability of the seed coat to oxygen. In ithtact achene, the pericarp may
also contribute to poor germination by impairingygen diffusion to the embryo
(Van Staden and Brown, 1973). Ants disperse amg &chenes in which the edible
pericarp (elaiosome) is intact (Slingsbury and Bodid85). The exotesta is
decomposed by microbial action and is also ruptbsedesiccation. If desiccation is
followed by rain, the palisade (endotesta) ruptuasswell, thus removing the
mechanical constraint on the embryos. The secepdca of the dormancy involves
an embryo requirement which is satisfied followirgxposure to alternating
temperatures (Brits, 1986).

Seeds remaining in soil when subjected to repedésitcation / hydration

cycles cause the long-lived seeds of previous ftogeseasons to become fully



scarified. InDichrostachys cinerea, a mimosoid legume, seed burial for 71 weeks,
five centimeter below the ground increased perntigafiom four per cent to 60.00
per cent. Microorganisms within the soil were @egng the seed coat with the
appearance of fine cracks which were also pregehedilum. The testa topography
of untreated seeds remained unaltered during a fiedd seeds are exposed to
temperatures ranging from ‘80 to 300 C for a couple of seconds. The extreme
range and duration of these temperatures resulteisintegration oDichrostachys
cinerea seed exposed to the very high temperatures. dverltemperatures (80 and
100°C) usually resulted in imbibition (due to testa ckiag) and germination.
Therefore the intensity and duration of the firdl wontrol the temperature reached at
the soil surface and below, and thus would effeetdssoftening and the subsequent
distribution of plants (Jones, 1963). In the leguseed, artificial treatments usually
alter the macrosclereid layer, while natural agemis / or treatments alter the seed
coat topography as well as the structure of thenmjllens and / or micropyle (Van
Stadenet al., 1994). Once the seeds are permeable, germinaids considerably
improved by the exposure of seeds to light and ey have been another factor
which increased permeability to 60.00 per centrdfteial of seeds dDichrostachys
cinerea (Bell and Van Stadeet al., 1993).

2.2.10. Occurrence of a natural site of permeabilt

The occurrence of a specific site of water entrynipermeable seeds is not
restricted to Leguminosae. For example, seedsSaddé (Malvaceae) possess an
impermeable area at the chalaza (Egiegl, 1986; Egley, 1989).Beta vulgaris a
basal pore (Santos and Pereira, 1989) Ricohus communis a caruncle (Lagoa and
Pereira, 1987). The lens in the papilionoid legsireed acts as the site of water
entry, regulates the path of water movement (Kafig Van Staden, 1987) and the
rate of water entry (Manning and Van Staden, 1987).



2.2.11. Anatomy

Egleyet al. (1983) reported that peroxidase is involved i plolymerization
of soluble phenaolics to insoluble lignin polymernsidg development of pricklgda
seeds, causing the formation of a water-impermediderier prior to seed
dehydration. As dehydration proceeds, the chalaaetda finally becomes
impermeable resulting in the hard mature seedsicklp Sda.

Egley et al. (1986) observed that subsequent expansion opdhisade cells
causes the thin-walled subpalisade cells to bresgulting in separation of palisade
from subpalisade cells and free passage of wateugh the exposed surface to the

embryo, culminating in germination #ida spinosa.

Paul (1981) reported that separation of the padisad! subpalisade layers in
the chalazal area initiates imbibition of watergdnckly Sda spinosa seeds.

Meryl and Moore (1959) found that water enters tmton seed by an
opening in the palisade layer at the chalazal dnchard seed, this opening is made

impervious by a chalazal cap and a seal betweecaih@and the palisade layer.

Nadaet al. (1994) reported that okra seeds exhibit dormaasylting from a
hard, water resistant seed coat and chalazal pauging very slow water uptake.

Baskin and Baskin (2006) observed that seeds wisipal dormancy have a
water gap in the seed coat that opens in responge énvironmental signal, thereby

allowing water to enter.

2.2.12. Staggered dormancy

Rizk et al. (1969) reported that in Louisiana, seedlings Sifa spinosa

andSda rhombifolia under favourable conditions can emerge througtimaiseason



from a depth of down to 3.75 cm. Burial of seedha field for 12 months did not

reduce germinability.

Devillez and Capelle (1976) reported thlbpercurus myosuroides seeds

exhibit staggered emergence.

Mott (1980) reported th&ida acuta is a serious weed species in the Northern
territory and long-term dormant seed pool gives ts new generation of seedlings.
Species are dormant at seed-fall and require hitggrnating temperatures for
germination and still retains 30.00 per cent haegds after one dry season.
Germination was spread over the first two monththefseason and at the end of the

wet season there could be a considerable amounardfseeds.

Bhatia et al. (1990) reported that soil stored seedsEchinochloa crus-
galli under natural conditions had staggered germindtiom May to September.
During one season 97.70 per cent of the seed eserere exhausted and only 2.30
per cent were carried over to the second seasgrtheBthird season the soil was free

of viable seeds.

Peirce (1990) reported that @arthamus lanatus low rainfall and temperature
in autumn were primarily responsible for the slowd astaggered germination at the

more southern site.

Cirujedaet al. (2008) reported that despite the fact that enrmergewill be
staggered throughout several years and that the® avsignificant relationship
between rainfall and emergence, so that dry yedrsause a smaller emergence rate
of the weed irPapaver rhoeas.



2.3. TREATMENTS FOR IMPROVING GERMINATION

2.3.1. Effect of seed scarification on germination

The simple observation or assumption of dormancgaking through
scarification without comphrensive anatomical irigggion may often lead to false
conclusion being drawn. A wide gap in the knowkedm the seed coat anatomy,
effect of seed coat on imbition and different tneants aroused a renewed interest in

many researchers. Some of the reviews on thegestape presented below.

2.3.1.1. Chemical scarification

Rizk et al. (1969) reported tha&ida rhombifolia seeds required 4 to 6 weeks
of after-ripening before appreciable germinationsvegpparent and dormancy was
overcome by treatment with water at 65° C or sulighacid. Datta and Sen (1981)
reported that chemical treatment with CongS8, produced better results dda
rhomboidea. Lissy (2004) reported that treatment with sulphacid for varying
periods showed significant results 8da rhombifolia, giving 38.00 per cent of
germination after 20 min of acid scarification. $da retusa, 53.00 per cent
germination was exhibited after 20 min of acid d@ation, whereasSda acuta
showed 56.00 per cent germination after 10 minifscation. Highest percentage of
germination (83.00) was observeddula cordifolia after 20 min treatment. Chauhan
and Johnson (2008) found that chemical scarificatvdh Conc. HSOy, releasedSda
rhombifolia seeds from dormancy and stimulatggrmination. Germination
increased with increased duration of scarificatiath Conc. HSO, up to 120 min,
giving 65.00 per cent germination compared witle fper cent for nonscarified seeds.
According to Packat al. (2014), scarification for 30 minutes with 95.08r ent
sulphuric acid was most effective in breaking thggical dormancy of seeds Sida

hermaphrodita resulting in imbibition without impairing embryaability.



Passam and Polyzou (1997) reported that acid &editn is essential for the

successful germination of hard-seeded cultivarsh s13 Boyiatiou cultivar of okra.

Kader and Chacko (2000) reported that germinatioihespesia populnea
can be enhanced from 2.30 per cent (untreatedvéo ©5.00 per cent either by
nicking or by scarifying the seed coat for 20-60hmsing 95 per cent Conc,$50,.
Nicked and scarified seeds start germination frdma fourth day and give a
cumulative germination of 75.80 per cent and 85@0 cent, respectively in two
weeks. According to Guptet al. (2004) scarification for 10-20 min was the most
effective in seed dormancy breaking Bfiespesia populnea. Vigour index was
greatest (2180) for seeds treated with sulphund for 20 min. Gagare and Mate
(2009) obtained highest germination of 84.53 pert cghen seeds ofThespesia
populnea were scarified with Conc. 430, for 30 min and germinated between paper
at 36C.

Solanoet al. (1976) reported thaknoda cristata seed germination averaged
0.5 to 3.00 per cent for seeds buried in the ffeldup to 20 months under natural
conditions. These same seeds averaged over 76.0@Cegm¢ germination after
scarification with concentrated sulphuric acid,ioading hard seed coat involvement

in seed dormancy.

Mechanical scarification and immersion in sulphudcid reduced hard
seededness ibutilon theophrasti caused by seed coat impermeability to water
(Horowitz and Taylorson, 1985; Cardina and Sparrt®@7).

Michael et al. (2006) found that seeds bfalva parviflora exhibit physical
dormancy developed after physiological maturitycernhe seed moisture content
declined below 20.00 per cent. Manual scarificato period of fluctuating summer
was required to release dormancy. GerminatioNaliva parviflora (little mallow),
was stimulated by seed scarification (Chauétaal., 2006).



Seeds ofHibiscus trionum (Venice mallow) possessed physical dormancy that
required immersion for 0.5 h in Conc.,.$0, to break the seed coat without
damaging the seed (Chachadisl., 2008).

Wanget al. (2009) reported that cadillo seeds had signifitewels of innate
dormancy imposed by a hard seed coat and chenueaifisation was the most

effective technique for removing dormancy.
2.3.1.2. Mechanical scarification

Johnsoret al. (1979) reported that seed dormancySedbania exaltata was
caused by impermeable seed coat. Acid scarificdtio 45.00 and 60.00 min and

mechanical scarification for 20.00 and 30.00 ses@ale maximum germination.

Datta and Sen (1981) reported that mechanical feedion was more
effective in breaking dormancy gfiomoea biloba, Neptunia oleracea andTephrosia

hamiltonii.

Baskin and Baskin (1997) reported that dormancyliamna corel was

broken in a high percentage of seeds by mechasueaification.

Gupta (2003) reported that germination of upto 8(8r cent obtained with
sand paper scarification forAbelmoschus moschatus, Abrus precatorius,
Cardiospermum halicacabum, Cassia spp. andAMthania coagulans and acid
scarification for Abrus precatorius, Argyrela nervosa, Bixa orellana, Helicteres

isora andIndigofera tinctoria.

Mohan (2005) reported that mechanicedrification, by way of seed
rupturing in snake gourd recorded the highest geation per cent (93.00) and speed
of germination (14.38), followed by treatment wBhN H,SQO,, recording 89.00 per

cent germination and speed of germination of 13.77.



Shooshtarian and Salehi (2010) reported that swaion with sand paper

increased the germination percentagéliea aucheria Boiss.

Pallaviet al. (2014) reported that damaging the seed coati(rgtlenhanced

germination percentage from 32.00 to 84.08\lbnus precatorius.

Awanet al. (2014) reported that highest germination capa®8y00 per cent)
was achieved by mechanical scarification of presipustored seeds ofirena
lobata, whereas the combination of mechanical and chénsead scarifications

provided maximum (99 per cent) seed germination.

2.3.1.3. Hot water scarification

Mechanical scarification and immersion in water68 C were the most
efficient methods fom vitro seed germination diida rhombifolia (Pedrosocet al.,
2007).

Bhaleet al. (1988) reported that complete removal of the lsmeldedness of
F1 hybrid H4 and its parent cultivars of cotton wadsained by exposure to water at

90° C for two minutes.

Hot water treatment was the most effective methadréducing the hard
number of seeds in cotton, followed by pricking #eed coat, sulphuric acid and

accelerated aging treatments (Patil and Andrew&5)19

Guptaet al. (2001) reported that hot water treatment at 7001IC10 min
showed the highest reduction of hard seed occuer¢d2.00 per cent) iAbutilon

indicum.

Alberts and Mandel (2004) reported that hot watarification is an effective

treatment for breaking physical dormancyGallirhoe involucrata seeds.



Kildisheva et al. (2011) reported thaSphaeralcea munroana seeds are
physically dormant, possess a cap-like structuréhénocclusion of the water gap,
which inhibits imbibition and it can be artificiglldislodged through boiling water

scarification.
2.3.2. Effect of temperature and light on germinatn

Rizk et al. (1969) reported th&ida seeds Sida spinosa andSda rhombifolia
required 4 to 6 weeks of after-ripening period befappreciable germination was
apparent and dormancy was not broken by sevet#tdigrk regimes.Sda spinosa
seed has an optimum temperature range for germimafi 25 C to 32 C (Smith,
1977). Seed germination &da rhombifolia was tested under constant temperatures
of 20° C, 25° C, 30° C and 35° C in light or dagsnand also at 10° C and 15° C in
the dark. Sda rhombifolia seeds germinated in higher rates at the constant
temperature of 35° C or the alternating ones theluded 35° C in the treatment
(Rosa and Ferreira, 2001). $ida acuta 64.00 per cent and i&da rhombifolia 100
per cent germination was observed after seven mah 2b min of scarification
respectively with Conc. $$0, and very low (less than ten per cent) germinatias
achieved under dark condition. According to Li§8904) germination of chemically
scarified seeds was influenced by the interactietwben temperature and light;
germination was significantly lower in light / dafB.00 per cent) than in the dark
(59.00 per cent) indicating that germinationSxa rhombifolia is inhibited by light
at suboptimal temperatures (Chautetral., 2006). Freshly harvested seedsSof
acuta and Sda rhombifolia achieved 32.00 per cent and 62.00 per cent getimma

respectively, when subjected to alternate temperataatments (80° C / 5° C).

Creel et al. (1968) reported that inCassia obtusifolia, percentage of
germination was high in the temperature range ¢f @8to 36° C. No seeds

germinated at 15° C and very few seeds germinat@gleC.



Nadaet al. (1994) reported that four-day treatment at 40v& the most
effective in increasing the water permeability loé seed and increasing germination

in okra.

Singh and Singh (2009) reported that germinatiorFlofrida beggarweed
(Desmodium tortuosum) was highest between 25° C to 40° C and of sicklgfenna
obtusifolia) from 20° C to 40° C.

Wanget al. (2009) reported that in cadillo, seeds germindtech 15° C to
40° C, with an optimal temperature of 28° C.

2.3.3. Effect of salt stress on germination

Chauhan and Johnson (2008) reported that see@dafrhombifolia may
germinate in saline soils. A sigmoid response whserved in germination with
increases in NaCl concentrations from zero to 200. mGermination per cent of
chemically scarified seeds was greater than 5500 the concentration of 50 mM
NaCl; however, germination did not occur at 200 raMgreater concentration. As
estimated from the fitted model, the concentratrequired for 50.00 per cent

inhibition of maximum germination was 111 mM NacCl.
2.3.4. Effect of osmotic potential on germination

Chauhan and Johnson (2008) reported #dd rhombifolia could germinate
under moderate water stress conditions. Germimaticsda rhombifolia decreased
from 64.00 to 25.00 per cent as osmotic potenearesed from O to -0.6 MPa and
germination did not occur at -1.0 MPa. The osmpttential required for 50.00 per
cent inhibition of maximum germination was -0.49 &P In contrast toSda
rhombifolia, germination inVialva parviflora wascompletely inhibited at an osmotic
potential of -0.6 MP#&Chauharet al., 2006).



Wanget al. (2009) reported that in cadillo seeds, watersstteelow -0.2 MPa

reduced seed germination.

2.3.5. Effect of pH of buffered solution on germinaon

Chauhan and Johnson (2008) reported that germmaficcarified seeds of
Sda rhombifolia was not significantly affected biphe tested range of pH solutions,
and it varied from 60.00 to 65.00 per cent overpherange of 05 to 09, indicating
that Sda rhombifolia may germinate imany soil types used for growing most of the

field cropsin tropical countries.

Germination of pricklySda was highest at pH of 09 and any increase or

decrease in pH resulted in reduced germinatiorgBamd Singh, 2009).

Wanget al. (2009) reported that germination of cadillo seeds unaffected
by pH levels.

2.3.6. Effect of hydration treatments

When a seed is hydrated, physiological and biocb@&nchanges begin to take
place. A prolonged seed hydration particularlylaat water potential profoundly

increases the rapidity, synchrony and percentageeads that germinate.

Kidd and West (1918) demonstrated that short pesfopresoaking in water

had a favorable effect on subsequent percentageirpggion and seedling growth.

According to Abdul-Baki and Anderson (1972), th#atential germinability
of hydrated and dehydrated seeds and control séed® been related to

dehydrogenase activity, membrane functions and [pgiroxidation.



Ma and Liu (1986) reported that forestry specieshwhard seed coat

germinate better when they were previously soakewgiter for 15 to 25 h.

Voll et al. (2003) reported that highest germination levdl8S@O00 per cent

was obtained foSida rhombifolia seeds soaked in water for 24 h.

Mohan (2005) reported that seeds akengourd subjected to mechanical
scarification imbibed water more rapidly after 2488.62 per cent) and resulted in
higher and early germination. On the other haed,cent of mass increase was only

48.79 per cent and had lower germination in unéckaeeds.

Puppala and Fowler (2003) found that soaking seétssquerella fendleri in
water alone satisfied the light requirement undarkdconditions suggesting that
presoaking in water alone was sufficient to leachar deactivate the light requiring
dormancy factor. Soaking the seeds for four hauas just as effective as eight

hours.

2.3.7. Effect of growth regulators

Prabhuet al. (2008) reported that treatment of seeds of onlévated
(Abelmoschus esculentus) and nine wild species éfbelmoschus seeds with 10 ppm
or 50 ppm GA resulted in 100 per cent germination.

Pallaviet al. (2014) reported that seeds Affrus precatorius soaked in 100
ppm of gibberllic acid for 24 h gave 78.00 per cgatmination.

2.3.8. Effect of soaking in cow dung slurry

Kundu et al. (1993) reported that cow’s urine contain 2.50 pent urea
which is known to break dormancy and improve geatiam in rice.



Nene (2002) opined that cotton and other hard seeds smeared with cow

dung before sowing as in Kautilya’s Arthashastra.

Elakkuvan and Manivannan (2010) reported 67.00geett germination of
Morinda citrifiolia seeds soaked in cow dung slurry prepared withgl@®w dung

dissolved in 300 ml of water.

Mathadet al. (2013) tried treatment of sorghum seeds withdddew dung
powder and cow’s urine before sowing. For one kgeed, approximately 100 g

cow dung powder and 250 ml cow urine were usethétter germination.

2.3.9. Effect of seed burial depth on seedling engance

Seed burial depth influenced seedling emergenceSda rhombifolia.
Though seedlings emerged from all burial depthgirapfrom 0 to 6 cm, fifty one
per cent of the seedlings emerged from the seedseqlon the soil surface.
Emergence was greater than 60.00 per cent at bidejaths of 0.5 to 2 cm, but
decreased thereafter. Seedlings did not emergetfie seed burial depth of 8 cm or
greater. Decreased seedling emergence due toasecteburial depth has been
reported in several weed species (Chawdah, 2006; Chauhan and Johnson, 2008),
which could be linked to seed energy reserves. gdrarseeds with greater
carbohydrate reserves can emerge from greater sleptburial (Baskin and Baskin,
1998). On the other hand, small-seeded specids aafda rhombifolia may have
insufficient energy reserves to support hypocotgingation from deeper depths.
Previous studies suggest that decreased germinatidepth may be due to raised
CO, derived from soil biological activity and sloweagdiffusion, which is inversely
correlated with burial depth (Benvenatial., 1994).



2.4. SEED STORAGE

Abdelmagid and Osman (1975) reported that the gextimn percentage of
the cotton seeds decreased during 16 months @fgg@nd results indicated that the

deterioration in the viability of the seeds wasoagsted with a decline in oil content.

Stewart and Duncan (1976) observed that seed I&os$ypium thurberi,
produced in 1931, had 64.00 per cent germinatidr®88 and 39.00 per cent in 1974.

Thiagarajan and Krishnasamy (1985) reported thaidgated seeds stored in
cloth bags showed higher germination percentagevaguur than when stored in
polythene bags or paper-aluminium foil and poly#saminated pouches. However,

the latter containers were superior to cloth bagsbn-fumigated seeds.

Hasanah (1987) compared the germination responsation seeds packed in
plastic bags made of low, medium or high densitlyetylene (0.85, 0.86 or 0.89
g/cm3 respectively). Viability of seed was optimuming polyethylene bags of

medium (85.00 pum) thickness.

Bhaleet al. (1988) observed that cotton seeds stored for @@ eatays showed
an increase in the percentage of hard seeds bagstéor over 180 days resulted in a
reduced hard seed percentage. Near normal geramnagrcentages were observed

in seed stored for over 120 days.

Kausal and Patil (1989) reported that tin bins atath bags were better
containers for maintaining viability and seed vigai cotton. The acid-delinted
seeds of cv. AKH-4 and SRT-1 can be safely stoogdup to 28 and 33 months,

respectively, under ambient conditions.

Bandopadhyay and Mahapatra (1990) found that seefidibiscus

cannabinus andHibiscus sabdariffa stored in polythene bags and airtight glass bottles



under ambient conditions for 2-8 months were spdd those stored in cloth bags
and paper packets in terms of percentage germmatid seedling vigour. Treatment
of seeds after storage for five months with lowaantrations of iodine or chlorine
vapour for 8-16 h increased viability and seedlgpur in accelerated aging tests
and during subsequent storage under ambient conslitfor two months; while

treatment for 24 h showed some inhibitory effects.

Askari et al. (1995) reported that seedsHiiscus sabdariffa collected from
the harvested crop showed a gradual decrease df\sability for subsequently
collected seeds. Seeds Hibiscus subdariffa stored in glass jars or in controlled
atmosphere chambers could be stored for four yeattsout large increases in
moisture content and without marked deterioratibriability (decrease of zero and
five per cent in chambers and jars, respectivelydl @ermination percentage
(decrease of eight and 14 per cent in chambersjaasdrespectively) (Ghosh and
Das, 1997).

Doijode (1997) studied the germination behaviouokfa seeds of cv. Pusa
Sawani. The polyethylene bags were effective imtaaing high viability at 5° C
and could be used for seed storage, while alumifoilnpouches are suitable for the
long term storage of seeds especially at sub-zsmpératures. Okra seed viability
and germination reached its maximum after six m®wthstorage in all the cultivars,
thereafter, it declined gradually. Mean germinatpercentages were 82.80, 91.70,
78.40, 72.00 and 63.40 per cent at 0, 6, 12, 1&dnadonths of storage, respectively
(Narwalet al., 1998). Suitability of pre-storage dry treatmetith bleaching powder
at 2 g/kg of seed in large sized okra seed wasestigg for improved storability and
field performance (Guha and Mandal, 2011). Seeatrments with red chilli powder
and bleaching powder as well as mid-storage soakiving treatment may be
suggested for the maintenance of germinabilityrdygtorage and field performance
of okra (Guhaet al., 2012).



Galindezet al. (2010) reported that after four years of dry ag@, a high
proportion ofCollaea argentina seeds were able to germinate, wherdagilon
pauciflorum seeds continued to be dormant but were more sensd dormancy-

breaking treatments.

Olasoji et al. (2012) reported thaibiscus cannabinus seed deterioration
during storage could be minimized by proper hartiesing. Seeds harvested five
weeks after flowering and stored at 10° C showedtbhest seed viability.

Kehindeet al. (2013) suggested that seed storage under aminexitions

should not exceed three months for best performahamaranth seeds.



Materials and Methods




MATERIALS AND METHODS

The present investigation “Seed production potentlarmancy and seed
storage behaviour iida spp.” was carried out at the Department of PlasmaCrops
and Spices, College of Horticulture, Vellanikkaraidg 2012-2014.

The experimental site was located at an altitudz60 m above M.S.L
between 1882’ N latitude. The location experiences a warmmitlitropical climate.
The soil of the experimental area comes under taktliass of sandy clay loam and
is acidic in reaction. The average monthly valokshe meteorological parameters
viz. rainfall, maximum and minimum temperatures anthtree humidity were
collected from the observatory attached to Collefyelorticulture and are presented

in the Appendix-1.
The study consisted of the following four experitsen

1. Assessment of seed production potentiéida spp.

2. Characterization of dormancy behaviouSda spp.

3. Treatments for improving seed germinatiorgida alnifolia

4. Seed storage studies$ita alnifolia
The materials used and the methods adopted fosttigies are briefly described
below.
3.1. ASSESSMENT OF SEED PRODUCTION POTENTIAL $vla spp.

3.1.1. Seed collection and sowing

Seeds of thre&ida speciesiz. Sda acuta, Sda alnifolia andSda cordifolia (Plates
1-3) were collected from Vellanikkara campus of &arAgricultural



Young plant Grown up plant

Fruits Seeds

Plate 1. Habit of Sida alnifolia L. (Arrowleaf Sida)



Flower

Fruits Seeds

Plate 2. Habit of Sida acuta Burm. (Common wireweed)



Young plant Grown up plant

Flower

Fruits Seeds

Plate 3. Habit of Sida cordifolia L. (Country mallow)



University. Seeds were pre-treated with CorgS®), for 20 min and sown on
raised beds of 2 x 2 m at a spacing of 70 x 70 cooramodating nine plants per
bed. As growth advanced, thinning was done to tamrsix plants per bed at three

months.

The plants were raised as a rain-fed crop adoptmfprm and minimum
cultural operations. Application of FYM (5 kg bBdas basal dose during bed
preparation, two hand weedings at first and secuondth followed by earthing up
and mulching with coirpith after second earthing wpre done. The following

observations were recorded from the five planthiee species.
3.1.2. Plant height

The height of the main stem was measured fromrcadlgion to tip of the stem
in cm, during second, fourth and eighth month.

3.1.3. Primary branches per plant

Number of primary branches emerging from the matem of the

experimental plants was counted at second, fourdhegghth month.
3.1.4. Anthesis

The time of anthesis in the three species was decdor
3.1.5. Days for first flowering

Number of days taken for first flowering in the dbrspecies was recorded
from the date of sowing.



3.1.6. Days for first fruit harvest

Number of days taken for first plucking of maturfedits from the plants of

three species was recorded from the date of sowing.

3.1.7. Number of fruits per plant

Number of fruits produced on the five observatioplaints, every week was
recorded and the mean was computed to arrive diuie per plant.

3.1.8. Hundred fruit weight

Matured fruits were hand picked, at weekly interaafl the total weight was

recorded in grams.

3.1.9. Fruit yield per plant

The weight of fruits produced on the five obsemwa#l plants, at weekly
interval was recorded and the mean was computedite at fruit yield per plant.

3.1.10. Number of seeds per fruit

Number of seeds produced from the single fruit w@snted to arrive at the

number of seeds produced per fruit.

3.1.11. Number of seeds per plant

Number of seeds obtained from the fruits producedhe five observational
plants, at weekly interval was recorded and themwveas computed to arrive at the
number of seeds produced per plant.



3.1.12. Hundred seed weight

Seeds extracted from the mature fruits were drbed moisture content of

eight per cent. Hundred seeds were selected anddight was recorded in grams.

3.1.13. Seed yield per plant

Total weight of seeds collected from individualnglg was recorded in grams.

3.1.14. Seed yield per hectare

Seed vyield per hectare was calculated from net sesdd per plant and

expressed in kilograms.

3.1.15. Seed rain

Seed rain was estimated by counting the numbectozscarps matured over

the season / weeks in plants selected at random.

3.2. CHARACTERIZATION OF DORMANCY

3.2.1. Anatomical studies irSida spp.

Anatomy of the seed coat was studied in three epdBilate 4 and 5). Due to small
size, seeds were fixed in microtip, tightened flmeckside with tissue paper and
sections were taken using a sliding microtome, 4 &M 2000 R at the Department
of Wood Science, College of Forestry, Vellanikkafde slides were made
permanent using Dibutyl Phathalate Xylene (DPXa asounting medium and were
examined under a digital microscope (LABOMED Digl200) attached to an image
analyzer system using the software Digi pro, vergid). The seed coat



Sida alnifolia L. Sida acuta Burm.

Sida cordifolia L.

Plate 4. Longitudinal sections of seeds &da spp.



Cut open seed exposing hard seed coat

Plate 5. Stereomicroscopic view of embryo and copen seed ofida alnifolia



thickness was noted by measuring thickness of pieas, mesocarp and
endocarp and cuticle layer separately as well &@s thickness of these layers. The
seed perimeter, area and perimeter of the embryee vaéso recorded. Four
measurements were taken from five sections of saedd and averages of four seeds
were noted. The thickness and perimeter were sgpdein Um and mm respectively,

under 10 X magnification.

3.2.2. Physiological studies isida spp.

Fresh seeds of the three species, twenty five seefdar replications were
subjected to the following conditions and germiotivas recorded upto 14 days.

3.2.2.1. Exposure to varying temperature regimes

Seeds kept in petriplates were subjected to diffetemperature exposures
viz. 30°C, 35° C and 40€ for 72 h (three days) in Biological Oxygen Demand
(BOD). The exposed seeds were taken out and soveterilized petriplates after
overnight water imbition and without imbibition.h& seeds were kept under ambient
conditions and moistened daily using hand sprayer.

3.2.2.2. Exposureto light and dark

Seeds sown in sterilized petriplates were exposezight hours of light and
16 h of darkness.

3.2.2.3. Exposureto stress

3.2.2.3.1. Hydration and dehydration



Seeds were subjected to hydration for 48 h followgdiehydration for 48 h
and dried at room temperature to the initial weiglitthe seeds and sown in

petriplates.

3.2.2.3.2. Hydration followed by storage

One lot of hydrated and dehydrated seeds was sforefbur months and

same procedure as in 3.2.2.8/4s repeated and germination was recorded.

3.2.2.4. Germination of fresh and stored seeds of Sida spp.

Seeds of thre&da species both fresh and stored for one year undéreat
condition, with and without pre-treatment with CohlSQ, for 20 min, were sown in

plastic trays containing sand and observed forrdblal days respectively.

3.2.2.5. Germination of Sida spp. under field conditions

One month old seeds of thr8ela speciesiiz. Sda acuta, Sda alnifolia and
Sda cordifalia, hundred seeds in four replicatiowgre sown in the pots filled with
solarized potting media, lightly covering the seedsvo sets were maintained. One
set of pots was placed under open condition withveatering and another set with
regular watering. The observation on seed germoimatas recorded weekly upto

one year.

3.2.3. Biochemical studies isida spp.

The content of total extractives, total alkaloiddawtal phenol in seeds of
threeSda species were estimated (Plate 6). Seed leachates extracted and the

pH, EC, K, Na and Ca in the leachates were alsmatsd.



3.2.3.1. Total extractives content

Two grams of seed powder was reflexed with 125 fninethanol and the
extraction was continued till the solvent becamdorbess. The extract was
transferred to a pre-weighed beaker and the solvastevaporated and weight of the
beaker along with the extract was noted and thevey of extract was worked out
and expressed in per cent (AOAC, 1980).

3.2.3.2. Total alkaloid content

Two grams of seed powder was weighed into a 25beaker containg 80 ml
of 10.00 per cent acetic acid in ethanol, kept cedeand allowed to stand for four
hours. Filtered the extract and concentrated @rater bath to bring down to one-
quarter of the original volume. Concentrated amiononhydroxide was added drop
wise to the extract until the precipitation was @tete. The whole solution was
allowed to settle and the precipitate was colleeted washed with dilute ammonium
hydroxide and then filtered. The residue was drieeighed and expressed as total

alkaloid content in per cent (Harborne, 1973).

3.2.3.3. Total phenol content

One gram of seed powder was weighed and groundanpéstle and mortar. 10 ml of 80.00
per cent ethanol was added and centrifuged at Q@@ for 20 min and re-extracted the
residue with 05 ml of 80.00 per cent ethanol, ¢kiged and pooled the supernatants.
Evaporated the supernatant to dryness. Dissohedesidue in a known volume of 05 ml
distilled water. Pipetted out 0.2 ml in to tedtés. Made up the volume to 3 ml with
distilled water. Added 0.5 ml of Folin-ciocaltemagent. After three min, added 2 ml of 20
per cent NgCO; solution to each tube and mixed thoroughly. TlEes were placed in a
boiling water bath for exactly one min, cooled anelasured the absorbance at 650 nm
against Folin cio-



Total phenol Total alkaloid

Total extractives

Plate 6. Biochemical parameters



calteau reagent blank. Prepared a standard cumsiag udifferent

concentrations of pyrocatechol (Malick and Singd8Q).
3.2.3.4. Extraction of seed leachates

Four replications of 25 seeds each were placedeakdrs and washed in
distilled water to remove all adhering dirt, soil @hemicals. The seeds were then
soaked in 50 ml of distilled water for 24 h by asiomally stirring the contents. The
beakers containing soaked seeds were covered t@eaeevaporation and other
probable contamination. The seed leachates wheszefl and collected in 50 ml
beaker. The pH, EC and contents of K, Na and Ghdneachates were estimated.

3.2.3.4.1. pH analysis

The pH of the leachates solution was measurecid meter and recorded on

a millivolt meter calibrated in pH units (Jacksd8,/3).
3.2.3.4.2. Electrical conductivity

The electrical conductivity of the seed leachatas vecorded in dS Trusing
EC meter (Jackson, 1973).

3.2.3.4.3. Potassium and sodium

The K and Na content of the leachates was measisiag flame photometer
and the values were expressed in ppm (Stanfordeagtish, 1949).

3.2.3.4.4. Calcium

Calcium content of the leachates was estimatedgustomic Absorption
Spectrophotometer (AAS) (Piper, 1996).



3.3. TREATMENTS FOR IMPROVING GERMINATION

Seeds ofSda alnifolia were collected from KAU campus during December,
2012 and January, 2013. Three months old seeds so&n in sterilized petriplates
and kept under laboratory conditions, after subjgctthe seeds to treatments
indicated below (Plate 7). Seeds of treatment® T4 were subjected to overnight
water soaking after the treatment. In the soakiegtments, constant seed water ratio
was maintained. The petriplates were kept undesemfation for 45 days and

germination percentage and speed of germinatiomwiesl.

Treatments for improving germination

T1: Abrasion with hard sand paper

T,: Conc. SO, treatment for 05 min

T3: Conc. HSO, treatment for 10 min

T4 Conc. HSO, treatment for 20 min

Ts: Conc. BSO, treatment for 30 min

Te: Boiling water treatment for 05 min

T,: Hot water treatment at 8C for 05 min

Tg: Hot water treatment at 8Q for 05 min

To: Hot water treatment at 7@ for 05 min

T10. Hot water treatment at G for 05 min

T11: Hot water treatment at G for 05 min

T12: Hot water treatment at 4@ for 05 min

T13 Treatment with boiling water for 05 min followéy freezing
T14: Abrasion with hard sand paper followed by soakind per cent KN@for 12 h
T15 Soaking in water for 48 h

T16 Making pin pricks followed by soaking in water #8 h

T17. Overnight soaking in cow dung slurry



T1e: Overnight water soaking

T1o: Control (untreated)

Design - CRD
Number of treatments -19
Number of replications -04
Seeds per replication -25

3.3.1.Scarification treatments

The best four treatments from the above experinveeite selected and
compared with untreated control. Three months sddds were subjected to the
respective treatments and sown in the plastic teaystaining sand and below

mentioned parameters were recorded (Plate 8).
3.3.1.1. Germination percentage

The mean number of normal seedlings produced taotlaé number of seeds

sown was expressed as germination percentage.
3.3.1.2. Speed of germination

From the samples sown for seed germination, nurabseedlings emerged
was recorded daily until the $4day of the emergence of first seedling. The
condition wherein cotyledons slipping out of seedtowvas taken as the criteria for
emergence of normal seedling. From the mean gatiam percentage recorded on
each counting date, speed of germination was edbkxilemploying the following
formula suggested by Maguire (1962).



Nineteen pre-treatments

Untreated seeds Treated seeds

Plate 7. Seeds kept for germination after pre-treamhent



Germination of seeds after acid scarification

Plate 8. Acid scarification of seeds dbida alnifolia



Speed of germination =& Xo-Xa+ covviiiininnnnn, Xn-Xn-1

Y1 Y2 Yn
Where, Xn = Per cent germinatori” day
Yn = Number of ddgem sowing to i count
3.3.1.3. Dormancy index

The speed of release of dormancy wiaiaed by counting number of seeds
showing dormancy release on each day after sowitiyj the 14" day. From this

data, the dormancy index was calculated usingdiraila,
Dormancy indexXx (Ni / Di)
Where, Ni= Number of seeds showing dormancy releagbe ' day
Di= Days after harvest
3.3.1.4. Intensity of dormancy

The number of non germinated seeds in the testwansdays after sowing
(NGS) and 14 days after sowing (NGp was noted, the mean number of non
germinated seeds to the total number of seeds smgnexpressed as intensity of

dormancy in percentage (Swaial., 2001).
3.3.1.5. Root length of the seedling

Ten normal seedlings were carefully uprooted atloamfrom the test sample
on the 14 day; root length of individual seedlings was meeduand expressed in

cm.



3.3.1.6. Shoot length of the seedling

From the sample, after measuring root length, #regth between collar
region and tip of the leaf was measured in cm d&edntean value was recorded as

shoot length.
3.3.1.7. Total length of the seedling

The sum of shoot and root length value was recoesfetbtal length of the

seedling.
3.3.1.8. Fresh weight of seedling

Fresh weight of the uprooted seedlings was recoadddexpressed in grams.
3.3.1.9. Dry weight of seedling

Ten normal seedlings were air dried initially fax kours and then in hot air
oven maintained at 10% for 24 h dried seedlings were cooled for 45 aml the

dry weight of a single seedling was calculatedramgs.
3.3.1.10. Vigour index-I

Vigour index-I was computed adopting the formulggested by Abdul-Baki
and Anderson (1972) and expressed as whole number.

Vigour index-1 = Per cent germination x Mean seggllioot and shoot length.
3.3.1.11. Vigour index-I1

Vigour index-Il was computed, adopting the formaglaggested by Bewley
and Black (1994).



Vigour index-Il = Percent germiioat x Seedling dry weight in g.
3.3.1.12. Water imbition rate

Mean weight of ten seeds was recorded as inited seeight. Then the seeds
were soaked in distilled water. After three houl®e seeds were taken out, dried
between two Whatman No.1 filter paper and seed hteiqs recorded accurately.
The seeds were kept back in the beaker containiaggerwand the process was
repeated after 6, 12 and 24 h. The amount of viraigition was determined as actual

increase in seed weight and converted to percentsigg the formula.

Per cent water imbition = [(\ANVg)/Wg4] x 100

Where, Wand W, are masses of imbibed and dry seeds respectively.
3.3.1.13. Electrical conductivity

The electrical conductivity of the seed leachatas measured in dS husing
EC meter (Jackson, 1973).

3.4. SEED STORAGE STUDIES

Moisture content of fresh seeds was brought dowouoto five per cent and the
seeds were stored for one year in self sealingtipahe bags at ambient, refrigerated
(6-7°C) and freezer (0° C) conditions (Plate 9). Sasmplere drawn at four months
interval, sown in plastic trays containing sandthwand without pre-treatment with
Conc. BSQ, for 5, 10, 20 and 30 min. The same parameters a3.3rl were

recorded.
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Plate 9. Seed germination under seed storage stuslim Sida alnifolia



3.5. STASTICAL ANALYSIS

Analysis of variance was performed on the dataect#d from the experiments
using Stastical Packages, MSTAT and multiple coimspas among the treatments

were done using Duncan’s Multiple Range Test (DMRT)



Results




RESULTS

The present investigations were carried out to sssslee seed production
potentialand to characterize dormancy in Sda species/iz. Sda acuta, Sda alnifolia
and Sda cordifolia. Pre-treatments to improve the germination sswd storage
behaviour inSda alnifolia were also studiethe experimental data collected were

tabulated, analyzed statistically and the results are presented in this chapter.
4.1. ASSESSMENT OF SEED PRODUCTION POTENTIAL

Plants ofSda alnifolia, Sda acuta andSda cordifolia were raised in the field
from seeds pre-treated with Cona3@, for 20 min. Growth at second, fourth and
eighth month were recorded. Flowering, fruit amed yield parameters of three

species were also recorded and are presented iesThl2 and 3.
4.1.1. Plant height

The height of the plant differed greatly among theee species during
second, fourth and eighth month, which correspdodgegetative, flowering, seed
setting and seed harvest stages respectivi@tia acuta recorded the maximum plant
height at second month (26.77 cm) followed $ga alnifolia (22.79 cm) andada
cordifolia (17.20 cm). Sda alnifolia recorded the maximum plant height at fourth
month (93.20 cm) followed b§ida acuta (83.00 cm) andida cordifolia (74.20 cm).
The same trend was observed during eighth monthveith Sda alnifolia recording

the maximum plant height (163.00 cm).
4.1.2. Number of Primary branches

Number of primary branches varied greatly amongttiree species.Sda
alnifolia recorded highest number of branches at secondm{®@t50), followed by
Sda acuta (12.40) and the least was f8ida cordifolia (9.20) Similar trend was



seen during the fourth and eight months. The wffee in number of primary
branches was significant for all the stages exéapthe second month whef&da

acuta andSda alnifolia were on par.

4.1.3. Anthesis

Anthesis in the species started at 7:30 andda acuta, 8:00 am inSda

alnifolia andSda cordifolia was the last for flower opening (8:15 am).

4.1.4. Days for flowering

There was significant difference among the spewidis respect to days for
flowering from the date of sowing. Blooming wadined in October foSda acuta
(120 days) and5da cordifolia (131 days) whereaSda alnifolia bloomed during
November (142 days)

4.1.5. Days for first fruit harvest

Significant difference was observed among the sgewiith respect to days
for the first fruit harvest from the date of sowingarvesting of fruits started early in
Sda acuta during October (137 days) followed I§da cordifolia (149 days) and
Sda alnifolia (160 days) during Novemhber Harvesting was stopped during the
fortnight of January (186 days).

4.1.6. Number of fruits per plant

There was significant difference among the spewids respect to number of
fruits per plant. Sda acuta registered highest fruits per plant (3825.80)ofeed by
Sda alnifolia (1919.97) and lowest f&ida cordifolia (1459.94).



4.1.7. Hundred fruit weight

Hundred fruit weight differed significantly amonfgetspeciesSda cordifolia
(5.27 g) had significantly bigger fruits, whereasitf weights were on par ifida
acuta (2.40 g) andSda alnifolia (2.20 Q).

4.1.8. Fruit yield per plant

There was significant difference among the spewids respect to fruit yield
per plant. Among the three species, highest ftieil was obtained frorida acuta
(91.86 g) followed bySda cordifolia (76.96 g) and the least fda alnifolia (42.26

9)-
4.1.9. Number of seeds per fruit

Among the species with respect to number of seed$rpit. Sda cordifolia
produced nine seeds per fruit, wher&8aia alnifolia andSda cordifolia produced six

seeds each.
4.1.10. Number of seeds per plant

There was significant difference among the spewidis respect to number of
seeds produced per plan&da acuta registered more seeds per plant (23005.78),
whereasSda alnifolia (11520.53) and&Sda cordifolia (10043.84) were on par with

respect to seed production potential.
4.1.11. Hundred seed weight

There was significant difference among the spewigéls respect to hundred
seed weight (Plate 10). SeedsSula cordifolia (0.48 g) were bolder followed by
Sda acuta (0.33 g) andada alnifolia (0.30 g).



Sida alnifolia L. Sida acuta Burm.

Sida cordifolia L.

Plate 10. Seed size ifida spp.



4.1.12. Seed yield per plant

There was a significant difference among the sgeuwigh respect to seed
yield per plant. Since fruit yield is directly a¢éd to seed yield, the same trend as in
fruit yield per plant was seen for seed yield pkmpalso withSda acuta giving

highest seed yield.

4.1.13. Seed yield per hectare

There was a significant difference among the sgeuwigh respect to seed
yield per hectare.Sda acuta (1562.65kg) out yieldedSda cordifolia (1255.51kg)
andSda alnifolia (713.87g).

4.1.14. Seed rain

Sda acuta started bearing early followed b$ida cordifolia and Sda
alnifolia. The maximum number of weekly harvest of fruii®)(was made from
Sda acuta followed bySda cordifolia (09) andSda alnifolia (06), yielding 76.57 g,
61.52 gand 34.98 g of seeds per plant respectively. Thdhgre was potential of a
few more weeks of harvest but, exposure of plantsot summer (February) and lack
of rain, plants started wilting (natural silencirg)d seed development was arrested
leading to no more further seed harvests.

4.2. CHARACTERIZATION OF DORMANCY
4.2.1. Physical characterization of dormancy

4.2.1.1. Seed coat thickness of three Sida spp.

Seed coat thicknesses of the three species inotdsesh and seeds stored for
one year and scarified seedsSxda alnifolia were studied (Table 4). Fresh seeds of

Sda cordifolia recorded the maximum thickness of endoderm (46§ mesoderm



Table 1. Vegetative characters oSida spp

. at different stages of growth

Characters | Month Sida alnifolia Sida acuta Sida cordifolia
02 22.79 26.77 17.26
Plant height 04 93.26 83.0G° 74.20
(cm)
08 163.00 105.9¢ 97.80
02 12.50 12.4G 9.2¢°
No. of
primary 04 45.76 30.90 24.70
branches
08 71.96 38.00" 31.50

Values having common superscript are not signifigatifferent from each other.

Table 2. Flowering and fruiting characters ofSida spp.

Characters Sida alnifolia | Sida acuta corsclj-i?glia
Anthesis (am) 8:00 7:3C° 8:18
Days for first flowering 142 120 137
E:Xlse;(t)r the first fruit 160 137 149
Number of fruits per plant 191997 3825.8 1459.94
Hundred fruit weight (g) 2.20 2.40 5.27F
Fruit yield per plant (g) 42.56 91.86 76.96
Number of seeds per fruit 06 06 09
Number of seeds per plant 11520.53 23005.78 10043.84
Hundred seed weight (g) 030 0.33 0.48
Seed yield per plant (g) 3498 76.57 61.52
Seed vyield (kg hd 713.87 1562.65 1255.5%

Values having common superscript are not signifiyadifferent from each other.




Table 3. Number of seed rain and seed yield &ida spp.

No. of Sida alnifolia Sida acuta Sida cordifolia
seed Fruit | Seed Fruit | Seed Fruit | Seed
: ) . No. of . . No. of . . No. of
rains yield | vyield seeds yield | vyield seeds yield | yield seeds
@ @ ()] (¢)) @ ()]
1 - - - 2.34 1.95 586.76 - - -
2 - - - 3.85 3.21 966.17 1.6Q0 1.28 209.81
3 - - - 5.97 4.96 1489.82 5.64 4.51 736.03
4 - - - 8.32 6.94 2084.10 9.0Z 7.21 1177.66
5 3.75 3.11 1016.58 11.9] 9.98 2998.69 11|74 9.39532.23
6 7.58 6.28 2052.97 19.9% 16.64 4997.40 14/91 11.9®46.06
7 10.77 8.92 2916.09 16.36 13.64 4097.84 12.15 9.792586.00
8 8.66 7.17 2346.17 10.8% 9.05 2718.20 10|36 8.28352.14
9 7.02 581 1900.27 8.06 6.72 2019.74 6.Y3 538 .5478
10 4.46 3.69 1207.55 4.18 3.48 1047.06 4.79 3.83 5.362
Total 42.26 3498 11520.5391.86 76.57| 23005.78 76.96 61.52 10043.84




(47.86 pum), periderm (40.22 pum) and total thickn@dsl.61 um) and maximum
perimeter (8.41 mm) followed bfida acuta and Sda alnifolia. Sda alnifolia
showed maximum cuticle thickness (18.64 um) folldvieyy Sda acuta (18.43 pm)
and Sda cordifolia (17.36 um). In case of stored seeds also, seedtltichkness
followed the same trend witBida cordifolia having highest thickness of various
layers except for cuticle thickness, whereésda acuta recorded highest cuticle
thickness. Upon storage for one year, substarggction in thickness of various
layers was observed, irrespective of the speci=epe for cuticle thickness which
showed an increasing trend. Scarified seed&daf alnifolia showed reduction in all

layers of the seed coat with maximum reductionuticte thickness.

4.2.1.2. Embryo area and perimeter of three Sida spp.

Embryo area and perimeter of fresh and stored dedldwed reverse trend as
in the seed coat thickness and perimeter, @il alnifolia having the highest values
followed bySda cordifolia andSda acuta (Plate 11). Upon storage for one year, the
embryo area and perimeter increased slightly,peetive of the species (Table 5).

4.2.2. Physiological characterization of dormancy

4.2.2.1. Exposure to different temperatures

Imbibed and non-imbibed fresh seeds of the threxiep were exposed to
different temperatures, 3C, 35 C and 46 C for 72 h. One per cent germination
was recorded in imbibed seeds Sfla cordifolia at 46 C whereasSda acuta and
Sda alnifolia failed to germinate. Non imbibed seeds of threecis did not

germinate at different temperatures (Table 6).



Table 4. Seed coat thickness of fresh, stored andlghuric acid treated seeds in

Sida spp.
) . Total )
) Endoderm | Mesoderm | Periderm | Cuticle . Perimeter
Treatments | Species thickness
(Hm) (Hm) (Hm) (Hm) (um) (mm)
Sda 41.36 343% | 325% | 1864 | 12688 | 7.3%
alnifolia
Fresh Jda 44,96 38.44 33.6F | 18.43 | 13547 7.64
Seeds acuta
Sda a
o 46.16 47.86 40.22 | 17.36¢ | 151.66 8.4%
cordifolia
Sda 117.78 717
Soreg | nifolia 3418 33.16 30.42 | 20.0% (7.12) (2.44)
seeds Jda 39.63 37.04 | 3077 | 2018 | 12757 | 7.33b
e | ot o508
a . .
cordifolia 43.4¢ 44.87 37.04 | 19.6% 4.37) 4.75)
Sulphuric
) Sda 9.215 | 115.25 6.95
ac'g;;zted anifolia | 5070 33.23 3306 | 5056)| (9.12) | (5.44)

Values having common superscript are not signifiyatifferent from each other
Values in brackets indicate per cent reduction

Table 5. Embryo area and perimeter of fresh and sted seeds ofSida spp.

Treatments

Species

Embryo area

Embryo perimeter

(mm) (mm)

Sda acuta 0.27 1.60°

Fresh seeds Sda alnifolia 0.258 1.83

Sda cordifalia 0.2P 1.68

Sda acuta 0.23 1.68

Stored seeds g, Anifolia 0.26 1.86°
(1 year)

Sda cordifolia 0.24 1.73%

Values having common superscript are not signifigatifferent from each other
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Sida cordifolia L.

Plate 11. Longitudinal sections of embryo oBida spp.



4.2.2.2. Light and dark exposure

Fresh seeds sown in sterilized petriplates expts&ight hours of light and

sixteen hours of darkness showed no germinatiqgrorese in the three species.

4.2.2.3. Exposureto stress

4.2.2.3.1. Hydration and dehydration treatments

Hydration and dehydration treatments tried in fhg$larvested seeds, showed
response only in the case @tla cordifolia, giving one per cent germination (Table
6).

4.2.2.3.2. Hydration and dehydration treatments followed by storage

Hydrated and dehydrated seeds were stored for rfaamths and the same
seeds when hydrated and dehydrated before sowihgwesl two per cent
germination inSda cordifolia, one per cent ifida acuta and no germination at all in

Sda alnifolia.

4.2.2.4. Germination of fresh and stored seeds

4.2.2.4.1. Germination, seedling growth and dormancy behaviour of fresh and
stored seeds of Sida spp.

Irrespective of the species, seeds whether frestooed, failed to germinate
without treatment. In the case of fresh seeds) ewth Conc. HSO, scarification for
20 min, maximum germination per cent recorded waly dwo per cent forSda
cordifolia and one per cent each f8ida alnifolia and Sda acuta witnessing low
speed of germination also. The growth parametessa&dlings were also low leading
to low vigour index in the case of fresh seedserélwas no appreciable reduction in

intensity of dormancy of fresh seeds which wergied. Among the species,



Table 6. Effect of temperature, light and hydrationtreatments on fresh seeds

germination in Sida spp.

Physiological conditions

Germination per cent

Sida Sida Sida
alnifolia acuta | cordifolia
30°C 0 0 0
Exposure to different temperatures
(imbibed) 35°C 0 0 0
40°C 0 0 1
. 30°C 0 0 0
Exposure to different temperatures
(Non-Imbibed 3C| 0 0 0
40°C 0 0 0
Light and dark exposure (8 h light, 16 h dark 0 0
Hydration and dehydration treatments 0 1
Hydration and dehydration treatments (4 MAS) 0 2

MAS- months after storage




treating fresh seeds &fda cordifolia gave slightly better performance with respect to
germination (2.0 per cent), seedling growth anducédn of intensity of dormancy
(98.00 per cent) (Table 7).

After storage for one year, seedsSida cordifolia failed to germinate even
with acid scarification where&da acuta andSda alnifolia gave 48.00 and 33.40 %
germination respectively.Sda acuta showed better performance with respect to
germination per cent (48.00) and speed of gernungtl6.46), resulting in reduction
of intensity of dormancy whereas growth of seedlvas better foiSda alnifolia.
The germination per cent, speed of germinationwtgrgparameters of seedling and
vigour index were improved upon storage of seed®m@ year, whereas intensity of

dormancy got reduced (Table 7).
4.2.2.4.2. Seed leachates of Sida spp. stored under ambient condition

Seed leachates of thregda species stored for one year under ambient
condition were analyzed for the content of minerpld and EC (Table 8). Among
the three specie§da alnifolia recorded significantly highest calcium (2.65 ppm)
and sodium (3.20 ppm) contents followed Byda cordifolia and Sda acuta.
Significantly highest potassium (2.16 ppm) and BXDQ@31 dS nf) values were
recorded foiSda acuta followed bySda alnifolia and lowest foSda cordifolia. pH
values were on par for the three species ®da cordifolia (6.20) recorded the
highest value.

4.2.2.5.Germination of Sida spp.under field conditions

Seeds of thre&da species (two months after collection) were sowipais
during February, 2013 and maintained under bothfied and irrigated condition for
one year (January, 2014) (Plate 12 and 13). Tkee mrtaining to germination per

cent under two conditions of sowing, irrigated aaith-fed, are presented in Table 9.



Table 7. Effect of fresh and stored seeds &da spp. on germination, seedling

growth and dormancy behaviour

Parameters Sida alnifolia Sida acuta Sida cordifolia
Fresh | Stored | Fresh | Stored| Fresh | Stored
seeds | seeds | seeds | seeds| seeds | seeds
Germination per cent 1.00 33.33 1.00 48.00 2.00
Speed of germination 0.25 11.18 0.11 16.46 0.071
Seedling shoot length (cm 1.62 6.26 1.60 4.90 205 0
Seedling root length (cm) 0.70 1.44 0.65 1.00 052 O
Seedling total length (cm) 2.32 7.7C 2.25 5.90 72.5 0
Fresh weight of seedling (g) 0.0072  0.02 0.0070 02@. 0.0087 0
Dry weight of seedling (g) 0.0007  0.002 0.00p7 0@D| 0.0009 0
Vigour index 1 2.32 256.64 2.25 283.20 5.14 0
Vigour index 2 0.0007 0.093 0.0007 0.10 0.0018 Q
Dormancy index 0.062 0.02 0.027 0.0b 0.017 0
ID NGS 7 (%) 99 70.66 100 52.00 100 10(
ID NGS 14 (%) 99 66.66 99 52.00 100 10(
ID NGS 30 (%) 99 - 99 - 98 -
ID NGS 45 (%) 99 - 99 - 98 -




4.2.25.1. Sida alnifolia L.

In Sda alnifolia, germination started from February in irrigated dition and
germination was continuous upto October, exceplify. The highest germination
per cent (4.25) was recorded after four monthsowfirsg. The overall germination
per cent inSda alnifolia (14.50) recorded was higher than tda acuta (7.20 per
cent) andSda cordifolia (11.75 per cent). Germination of seeds under fiedn-
condition started two days after receipt of therrand germination was completed

within seven days, giving a germination percentaigé’.50.
4.2.2.5.2. Sida acuta Burm.

In Sda acuta, seeds kept under irrigated condition started getion from
the month of sowing itself and it was continuousoueptember except during the
month of June with the highest germination per ¢&nf5) at second month after
sowing. Overall germination per cent under irrggatcondition was 7.20. With
respect to pots kept under rain-fed condition, geaton was spontaneous on receipt
of rain during June, giving 74.00 per cent germorat Germination was completed
within five days after the rain.

4.2.25.3. Sida cordifolia L.

In Sda cordifolia, emergence of seedlings started from February runde
irrigated condition. The germination was continsiaypto November. Maximum
germination per cent (1.75) was recorded duringisg@nd ninth month, with over
all germination per cent of 11.75. With respectrdm-fed condition, germination
started soon after receipt of rain and germinatias completed within 10 days, with
an overall germination percentage of 42.50, whichs viess than the other two

species.



Table 8. Effect of storage on the seed leachates &ida spp. under ambient

conditions
Parameters Sida alnifolia Sida acuta Sida cordifolia
Ca (ppm) 2.6% 1.33 1.42
Na (ppm) 3.20 2.46 2.23
K (ppm) 1.96 2.16" 1.78
pH 5.94 6.19 6.20°
EC (dS m) 27.0F 31.3% 15.76

Values having common superscript are not signiflyatifferent from each other



Table 9. Germination percentage ofsida spp. under irrigated and rain-fed

conditions
Germination Percentage
Sida alnifolia Sida acuta Sida cordifolia
Month Irrigated szzig- Irrigated szzig- Irrigated Rfiig_
February 2.50 0 1.25 0 1.25 0
March 1.50 0 1.75 0 1.75 0
April 3.00 0 1.50 0 1.00 0
May 4.25 0 0.75 0 0.50 0
June 2.00 67.50 0 74.00 1.50 42.50
July 0 0 0.75 0 1.50 0
August 0.50 0 0.75 0 1.50 0
September 0.25 0 0.50 0 0.25 0
October 0.50 0 0 0 1.75 0
November 0 0 0 0 0.75 0
December 0 0 0 0 0 0
January 0 0 0 0 0 0
Total 14.50 67.50 7.25 74.00 11.75 42.5




S.acuta

Sida alnifolia L. Sida acuta Burm.

S, cordifolia

Sida cordifolia L.

Plate 12. Seed germination ddida spp. under irrigated system



S. alnifolia

Sida alnifolia L.

Sida acuta Burm.

Sida cordifolia L.

Plate 13. Seed germination obida spp. under rain-fed system



4.2.4. Biochemical parameters

Biochemical parameters such as total extractivewl talkaloid and total
phenol content of fresh seeds of three speciessaads ofSda alnifolia stored for

one year are presented in Table 10.

Biochemical parameters of fresh seeds significatffiered among the three
species. Sda acuta recorded maximum total extractives (8.87 per cami total
alkaloid (1.85 per cent) followed Ifyda alnifolia (8.12 per cent and 1.56 per cent)
and Sda cordifolia (7.87 per cent and 1.45 per cent). Highest pheantent was
recorded for seeds &da alnifolia (5.85 per cent) followed b$ida acuta (4.75 per
cent) andSda cordifolia (4.40 per cent). Stored seeds Sfla alnifolia showed
significant reduction in the biochemical componenith maximum reduction in
alkaloid content (42.30 per cent) followed by pHeocontent (38.46 per cent) and

total extractives (26.71 per cent).
4.3. PRE-TREATMENTS FOR IMPROVING GERMINATION

Eighteen pre-treatments comprising of mechanicalifscation, chemical
scarification, scarification followed by osmoticumeatment, hydration and boiling
followed by freezing treatments were tried to softee seed coat and these were
compared with untreated control. Four months ekelds ofSda alnifolia, subjected
to pre-treatments, were sown in sterilized pettgdawith blotter paper and
emergence of seedlings was noted up to 45 dayte(P4&. Effect of treatments on
germination per cent and speed of germinatiorSda alnifolia are presented in
Table 11

4.3.1. Germination per cent

Among the eighteen pre-treatments applied for softe the seed coat,
chemical scarification treatments using CongS®, were highly promising with

respect to early emergence and maximum germinpgoicent.



Table 10. Biochemical parameters of seeds of thr&eda spp.

Sida Sda Sida alnifolia
Parameters difoli

acuta cordifolia [ Eresh Stored

seeds seeds

Total extractives 6.50°
%) 8.87 7.87 8.12 (26.71)

Total alkaloid 0.90
(%) 1.85 1.48 1.56 (42.30)

Total Phenol 3.60°
%) 4.7%8 4.40 5.85' (38.46)

Values having common superscript are not signiflgatifferent from each other
Values in brackets indicate per cent reduction.



Seedlings

Plate 14. Germinated seeds and seedlings



Among the chemical scarification treatments, treattwith Conc. HSO,for a
longer duration of 30 min was proved as the bedtaanstanding giving 94.00 per
cent germination. Germination percentage was ofigpdreatments of 10 and 20
min duration with Conc. p5O, with 78.00 and 72.00 per cent respectively.
Treatment for five minutes was ranked low (54.00g@nt) among the chemical
scarification treatments. Mechanical scarificatrath sand paper has given 26.00
per cent germination, but scarification followeddsmoticum treatment (one per
cent KNQ) has given only six per cent germination and ditlsatisfy the minimum
mandatory germination requirement of 60.00 per.cdihie rest of the treatments
including untreated seeds failed to soften the seatiand give appreciable
germination per cent (0-6).

4.3.2. Speed of germination

Among the chemical scarification treatments usiran€ HSQO,, treatment
for highest duration of 30 min has proved to belibst and significantly superior to
other treatments giving maximum speed of germimatib89.96. This was followed
by acid treatment for 10 min and 20 min with a sheégermination of 72.33 and
69.33 respectively, which were on par. Speed ahgetion was minimum for five
minutes (36.08). Sand paper rubbing was slighdlyel than other treatments with a
speed of germination of 10.20, while all other tn@@nts were significantly inferior,

untreated seeds failed to germinate.

The best four treatments from the above experir@atrification with Conc.
H,SO, for 05 min, 10 min, 20 min and 30 min) along withtreated control was
employed using three months old seeds to study imidience on seedling growth,
vigour and dormancy factors. The seeds were sawlaistic trays containing sand

and observed for 14 days. The results are pras@niBables 12 and 13.



Table 11. Effect of pre-treatments on seed germiniain in Sida alnifolia

Treatments | Germination per cent Speed of germinatio
. 26.00 10.20
! (5.05) (3.21)
. 54.00 36.08
2 (7.37) (6.03)
. 78.00" 72.33
3 (8.84) (8.51)
. 72.00" 69.33
4 (8.48) (8.32)
. 94.00 89.96
5 (9.72) (9.51)
. 0.00 0.00
6 (0.70) (0.70)
. 0.00 0.00
7 (0.70) (0.70)
. 2.00¢ 0.14
8 (1.41) (0.79)
. 0.00 0.00
o (0.70) (0.70)
T 0.00 0.00
10 (0.70) (0.70)
T 0.00 0.00
u (0.70) (0.70)
. 6.00 0.27
2 (2.12) (0.84)
. 2.00" 0.06
3 (1.41) (0.75)
. 6.0¢ 0.74
14 (2.51) (1.07)
. 0.00 0.00
15 (0.70) (0.70)
. 2.00" 0.14
16 (1.41) (0.79)
. 2.00" 0.15
1 (1.41) (0.80)
. 0.00 0.00
18 (0.70) (0.70)
. 0.00 0.00
19 (0.70) (0.70)

: Rubbing with hard sand paper
Ty
Ta:
Ty
Ts:
Te:
T
Tg:
To:

Conc. HSO, treatment for 05 min
Conc. HSO, treatment for 10 min
Conc. HSO, treatment for 20 min
Conc. HSO, treatment for 30 min
Boiling water treatment for 05 min
Hot water treatment at 9Q for 05 min
Hot water treatment at 8C for 05 min
Hot water treatment at 7Q for 05 min

T,0. Hot water treatment at 8Q for 05 min

T,1: Hot water treatment at G for 05 min

T12: Hot water treatment at 2@ for 05 min

T13: Treatment with boiling water for 05 min followéy freezing

T14 Rubbing with hard sand paper followed by soakm@1 % KNG; for 12 h
T1s: Soaking in water for 48 h

T16 Making pin pricks followed by soaking in water #8 h

T17 Overnight soaking in cow dung slurry

T1g: Overnight water soaking

T1o Absolute control (untreated)



4.3.2.1. Germination

Germination per cent and speed of germination of seedlings showed
significant difference between treated and untreated seeds(Table 12Vithin the .(
.conC chemical scarification treatmets usingH ,4SO,the maximum germination per

cent )72 per cent) was realized for seeds treated for30 minfollowed by 10 min (60
per cent), 20 min (54er cent ), 05 min (3@er cent ) and the lowest for the untreated
seeds (Oger cent ). Similarly, speed of germination was highest36rmin treated
seeds (19.33) followed by 20 min (18.12), 10 min.{8) and five minutes (6.77) and
the lowest for untreated seeds (0.14).

4.3.2.2. Dormancy index

Dormancy index showed significant difference between treated and untreated
edsse(Table 12Within the scarification treatmets .(, though maximum dormancy
.conealized for seeds treated with Cindex was rH for 4SO,30 min(0.047) it was on
par with10 min and20 min(0.042), but differed significantly from treatmduot five

minutes (0.02). Minimum dormancy index was reedrébr untreated seeds (0.001).

4.3.2.3. Intensity of dormancy

Intensity of dormancy at sevedays and 14 dayshowed significant
difference between treated and untreated seeds(Table 12 Within the scarificatio .(
treatments, minimumintensity of dormancy was recorded for 30 min treait
(28.00per cent) which was on par with 20 min (46.96r cent) and 10 min treatment
(40.00per cent), but differed significantly from five minutes &ment. Untreated
control recorded constant and maximum intensityaymancy (99.0@er cent).

4.3.2.4. Seedling growth

Significant difference was noted in seedling growth between treated and

untreated seeds. All the scarification treatments were on par and significantly



superior to untreated control with respect to seedling shoot length, root length and

total length( Tablel3.(
4.3.2.5. Fresh weight and dry weight of seedling

Fresh weight of seedlings showed significant difference between treated and

untreated seeds(Table 13Vithin the scarification treatmets .(, fresh weight of
seedling did not differ significantly but maximum fresh weight was realized for seeds

.cond with CtreateH for 4SO,30 min and 20min )0.028 g). The seedling dryweight
the scarification treatments and maximum dry weight differed significantly among

.conC was realized for seeds treated withH 4SO,for 20min )0.0031 (followed by 30
min (0.0030g), 20 min (0.028g), 05 min (0.025g) and the minimum for the
untreated (0.00Qb) seeds.

4.3.2.6. Vigour index-1 and vigour index-11

Vigour index of seedlings showed significant difference between treated and
untreated seeds(Table 13Vithin the scarification treatmets .(, the maximumvigour
index-1and vigour index-2 .conC were realized for seeds treated withH4SO, for30
minfollowed by 10 min, 20 min, 05 min and minimum fitre untreated seeds.
Vigour index-I differed signifcantly between scarification treatements whereas vigour

index- II was on par for30 min, 20min and 10min treatment with .conCH.sSO;
4.3.2.7. Rate of water imbibition

The rate of water imbition in seeds &fda alnifolia which are freshly
harvested and stored for one year and treated @iahc. BSQO, for different
durations of 30 min, 20 min, 10 min and five mirsuteas compared with untreated
control (Table 14). The rate of water imbition wiaster for the fresh seeds than
stored seeds. Irrespective of treatments, the rmaxi mass increase was noticed
within three hours of soaking for the scarificatibeatments, but untreated seeds

absorbed maximum water after six hours of soakiffyer 24 h of soaking there was



notable difference in the water imbibition betwdsrated and untreated seeds, with

untreated seeds recording lower values.

Irrespective of age of seeds, with increase imatilom of scarification, rate of
imbition was also higher but the rate of increases wiore pronounced in fresh seeds
than in stored seeds. However, increase in watbition rate after at six hours, 12 h
and 24 h was low for the fresh seeds than the csteeeds and after the 24 h of
soaking in water, per cent of mass increase ohfl@sd stored seeds were near

similar.
4.3.2.8. Electrical conductivity of seed leachates

Untreated seeds recorded highest electrical comitycfor both the fresh
seeds (0.045 dS 't and stored seeds (0.049 dS)m There was linear decrease in
the EC values with increase in duration of scaatfan and treatment for five minutes
recorded higher EC values (Table 15).

4.4. SEED STORAGE STUDIES

Seeds ofda alnifolia were stored for one year in polythene bags urideet
conditionsviz. ambient, refrigerated and freezed conditionsmi8es drawn at four
months interval were sown with and without pretmeents. The individual effect
and combination effect of pre-treatments, storagalitions and intervals of storage
on germination, seedling growth and dormancy behavare presented in Tables 16

-17 and 18-29 respectively.

4.4.1. Germination and dormancy behaviour

When the effect of treatments alone was considgmedireatment with Conc.
H,SO, for 30 min recorded significantly highest germiaatper cent (51.55) and
speed of germination (17.20) while all other pematments were on par and

significantly superior to untreated seeds (Table Ihis treatment has also given



Table 12. Effect of acid scarification treatment®n germination and dormancy

behaviour
Intensity of | Intensity of
1 Germination Speed of | Dormancy | dormancy | dormancy
reatments e :
per cent germination index at 7 days at 14 days
(%) (%)
T1 30.08° 6.77 0.024 70.00 70.00
T2 60.06° 17.18 0.042 51.006 40.00
T3 54.06 18.12 0.04F 51.00 46.00
T4 72.06 19.33 0.047 48.00 28.00
T5 1.00 0.14 0.00f 99.06 99.06
Values having common superscript are not signifigadifferent from each other
Table 13. Effect of acid scarification treatments o growth and vigour of
seedlings
Shoot | Root | Total | Fresh Dry Vigour Vigour
Treatments | length | length | length | weight | weight | . 9 Vg
index-I index-I
(cm) | (cm) | (cm) (9) )
T1 6.7 | 1.09 | 7.84 | 0.024 | 0.0028 | 235.20 | 0.07%
T2 724 | 137 | 862 | 0.026 | 0.0028 | 517.26 | 0.168
T3 7.18 1.25 8.4 | 0.028 | 0.003f | 453.30 0.167
T4 718 | 113 | 832 | 0.028 | 0.0036° | 590.96 | 0.216
T5 1.02 | 028 | 1.27 | 0.004 | 0.0005 | 1.27 | 0.000%

Values having common superscript are not signiflyatifferent from each other

T4: Conc. HSO, treatment for 05 min.
T,: Conc. HSO, treatment for 10 min.

Ts: Control/untreated seeds

sTConc. BSQ, treatment for 20 min.
s Conc. HSO, treatment for 30 min.




Table 14. Effect of acid scarification treatments o water imbibition per cent

After 3 | After 06 | After 12 | After 24
Treatments Seeds
hours hours hours hours
. Fresh 36.25 53.64 61.14 68.04
Conc. BSO, 05 min
Stored 24.10 32.26 48.46 64.01
_ Fresh 44.02 55.1 60.1 65.1
Conc. BHSO; 10 min
Stored 24 .55 36.55 56.61 64.22
_ Fresh 60.4 65.44 67.25 72.2%
Conc. BHSO, 20 min
Stored 28.56 48.63 56.22 68.66
. Fresh 60.45 65.48 67.25 70.44
Conc. BSO; 30 min
Stored 28.54 40.11 52.77 64.78
Fresh 8.98 40.11 42.5 45
Control
Stored 8.11 20.11 36.22 44.52

Table 15. Effect of acid scarification treatments o electrical conductivity

Electrical conductivity (dS m™)
Treatments
Fresh seeds Stored seeds
05 min 0.034 0.043
10 min 0.032 0.034
20 min 0.030 0.034
30 min 0.026 0.030
Control 0.045 0.049




high dormancy index (0.05) and minimum intensitylofmancy at seven days (54.77

per cent) and 14 days after sowing (47.61 per cent)

Comparing the storage conditions, it was obsertiat gtorage in refrigerator
and freezer were on par with respect to germinajgen cent and speed of
germination and it was significantly superior t@rafge under ambient condition
(Table 16). Dormancy index was significantly higir fefrigerated storage (0.043)
followed by freezed storage (0.036). Intensitydormancy at seven days and 14
days were significantly lower for storage underleo@onditions whereas ambient

storage recorded higher intensity of dormancy @9 cent).

With advancement in duration of storage, the geation per cent, speed of
germination and dormancy index showed a signifigahhear increase, having
highest values at one year whereas the intensijoohancy at seven days (49.84)
and fourteen days after sowing (47.13) showed arsevtrend with minimum values

at one year (Table 16).
4.4.2. Seedling growth and vigour

Treatment difference was noted for growth paramseteMaximum shoot
length, root length, total length of seedling, wigindex-1 and vigour index-2 were
observed for seeds treated with CongS@&; for 30 min and the differences were
significant, except for root length. The fresh gigiand dry weight of seedling did
not differ markedly among the treatments with CadgSO,, but there was marked
difference when compared to untreated seeds fomeight. The dry weight was
significantly more for treated seeds. Untreateeldserecorded significantly lower

values for all the above parameters (Table 17).

As regards to storage conditions, freezed storagerded significantly higher
shoot length and total length of seedling while tbet length was on par to seeds

stored under refrigerated condition (Table 17).eskr weight and dry weight of



seedling differed significantly, cooler atmospheveere better and on par.
Refrigerated storage proved to be the best witheaso vigour index-I (260.36) but

for vigour index-Il, freezed storage was the b8g§1).

As storage period advanced, shoot length, rootlherngtal length of seedling,
fresh and dry weight of seedling, vigour index-dangour index-Il showed linear

increase and the values differed significantly agstorage intervals (Table 17).

Combination effect of treatments, storage cond#iand intervals of storage
were significant for the above parameters excepthfe germination per cent, speed
of germination and fresh weight, vigour index-I anténsity of dormancy at 14 days
after sowing. Overall, treatment for higher duwatiof 30 min with Conc. k80,
storage under freezed condition and storage duarafioninimum eight months were
needed for obtaining minimum mandatory requirenoéi®0.00 per cent germination.

Sufficiently high germination percentageSita alnifolia (Table 18-29).
4.4.3 Water imbition percentage

The seeds stored in cooler conditions had highecget water imbition rate
at all intervals of soaking and the mass of seess aonstantly increasing from three
to 24 h of soaking. Maximum imbibition of wateasvobserved within three hours
of soaking irrespective of storage conditions dmerdafter, rate of water imbition
decreased gradually. Comparing the storage ifterthere was a progressive
decrease in the rate of water imbibition with acd@anent in storage period and the

same trend was evident at different periods of sgak water (Table 30).

4.4.4. Electrical conductivity and mineral contentof seed leachates

Electrical conductivity of seed leachates showednpunced difference
among different storage conditions, highest valbeisg recorded for seeds stored
under freezed condition (0.041 dS')yrfollowed by the refrigerated condition (0.036



dS m%) and the least under ambient condition (0.030 &$. mintervals of storage
also showed significant variation in EC values,hwiite highest EC being recorded
for seeds stored upto one year (0.042 $ (fiable 31).

Seed leachates &da alnifolia stored for one year under different conditions
were analyzed for mineral elements such as calceodjum, potassium, pH and
electrical conductivity. Significant variationsginding on storage conditions were
noted for all the parameters except for sodium emnt Among the three storage
conditions, highest pH, EC and contents of minenadse noted for the seeds stored
in freezed condition followed by refrigerator arie least was in ambient condition
(Table 32).



Table 16. Effect of pre-treatments, conditions andhtervals of storage on
germination and dormancy behaviour inSida alnifolia

Intensity of | Intensity of

Germination Speed of | Dormancy | dormancy dormancy

per cent germination index @ 7 days | @ 14 days

(%) (%)

T, 4433 14.63 0.03¢' 63.22 55.66
(6.21) (3.59) (0.73) (7.85) (7.30)
T 4433 13.3% 0.04f 60.73° 55.66
2 (6.31) (3.48) (0.73) (7.56) (7.30)
T 41.44 13.25° 0.04% 59.44° 54.58
3 (6.08) (3.45) (0.73) (7.56) (7.21)
- 51.5% 17.20° 0.050 54.7F 47.6T
4 (6.89) (4.01) (0.74) (7.21) (6.59)
- 3.3% 0.819 0.003 97.33 96.66
5 (1.56) (1.03) (0.70) (9.88) (9.85)
(o 30.8¢° 9.97 0.027 7127 69.20
(4.71) (2.76) (0.72) (8.25) (8.11)
Co 41.00 12.87 0.043 66.56" 59.00
(5.84) (3.28) (0.73) (8.01) (7.48)
Cs 39.20 12.86 0.03¢ 63.46 60.3C°
(5.68) (3.30) (0.73) (7.78) (7.51)
Iy 14.80 4.65 0.023 87.56' 85.2¢"
(3.33) (1.99f (0.72) (9.35) (9.21)
1 42.33% 11.48 0.03¢ 63.90 56.16
(6.09) (3.19) (0.73) (7.87) (7.30)
| 52.86 19.4% 0.047 49.84 47.13
3 (6.80)a (4.15) (0.73) (6.82) (6.59)

Values having common superscript are not signifigatifferent from each other.
Values in parenthesis are transformed values

Ty
T2
Ts
Ty
Ts

: Conc.H,SOy treatment for 05 min
: Conc H,SOytreatment for 10 min
: Conc.H,SOy treatment for 20 min

: Conc.H,SOy treatment for 30 min
: Control (untreated seeds)

Ambient condition
LRefrigerated condition ,:ISecond interval (8 months)
4L Freezer condition

11 First interval (4 months)

3. Third interval (12 months)




Table 17. Effect of pre-treatments, conditions andhtervals of storage on

seedling growth and vigour inSida alnifolia

Shoot Root Total Fresh Dry Vigour | Vigour
length length length | weight | weight | . 9 vigou
index-1 | index-2

(cm) (cm) (cm) (9) (9)
T 3.90 1.73 5.63 0.017 | 0.002 | 269.7f | 0.088
! (2.03) (1.42) (2.41) | (0.719) | (0.708) | (15.12) | (0.76)
T 4.25" 2.05 6.27° | 0.019 | 0.002 | 274.68 | 0.089
2 (2.14) (1.52) (2.57) | (0.720) | (0.708) | (15.66) | (0.76)
T 4.04" 2.2F 6.27° | 0.019 | 0.002 | 259.7f | 0.09%
8 (2.08) (1.56) (2.57) | (0.720) | (0.708) | (15.3) | (0.76)
T 4.37 2.18 6.57 0.019 | 0.00Z2 | 337.22 | 0.107
4 (2.16) (1.56) (2.65) | (0.721) | (0.708) | (17.50) | (0.77)
. 1.49 0.88 2.38 0.014 | 0.00f | 20.86 | 0.006
5 (1.23) (1.05) (1.42) | (0.807) | (0.708) | (3.16) | (0.71)
c 3.15 1.39 4.59 0.01% | 0.00Z2 | 188.13 | 0.06%
1 (1.77) (1.27) | (2.099) | (0.717) | (0.708) | (11.16) | (0.75)
c 3.55 2.07 5.55 0.022 | 0.002 | 260.36 | 0.080
2 (1.929) | (1.48) (2.36) | (0.719) | (0.708) | (14.52) | (0.76)
c 4.1C0 2.03 6.13 0.029 | 0.00Z | 248.78 | 0.08F
8 (2.094) | (1.51) (2.52) | (0.776) | (0.708) | (14.20) | (0.76)
| 2.96 1.02 3.98 0.01% | 0.00f | 58.90 | 0.020
! (1.49) (1.20) (2.27) | (0.716) | (0.708) | (3.37) | (0.72)
| 3.94 0.9¢ 4.84 0.02¢ | 0.00Z2 | 241.26 | 0.09C
2 (2.04) (1.17) (2.24) | (0.776) | (0.708) | (14.15) | (0.76)
| 4.9G 1.06 5.96 0.03F7 | 0.002 | 351.79 | 0.116
8 (2.26) (1.23) (2.47) | (0.721) | (0.709) | (17.36) | (0.78)

Values having common superscript are not signiflyatifferent from each other

Values in parenthesis are transformed values

LE?
T2
Ts
Ty
Ts

: Conc.H,SOy treatment for 05 min
: Conc.H,SOy treatment for 10 min
: Conc.H,SOy treatment for 20 min
: Conc.H,SOy treatment for 30 min
: Control (untreated seeds)

{£Ambient condition

LRefrigerated condition ,:ISecond interval (8 MAS)

4L Freezer condition

1 First interval (4 MAS)

3. Third interval (12 MAS)




Table 18. Combinatorial effect of pre-treatments, anditions and intervals of

storage on germination per cent

T Condition-I Condition-I| Condition-lll
Il |2 |3 Il |2 |3 Il |2 |3
T 1 49 50 45 46 77 9 62 60
(1.06) (6.97) (7.0) (6.66) (6.73) (8.79) (2.96) (7.89) (7.75)
T2 7 48 55 38 61 64 09 57 60
(2.47) | (6.72) | (7.41) | (6.07) | (7.79) | (8.01) | (3.02) (7.57) (7.72)
T3 6 43 53 24 42 57 15 58 75
(251) | (6.25) | (7.23) | (4.79) | (6.36) | (7.53) | (3.83) (7.61) (8.63)
T4 20 54 73 28 56 72 16 64 81
(4.11) (7.27) (8.53) (5.27) (7.49) (8.44) (3.89) (7.98) (9.02)
T5 0 0 3 0 1 4 0 9 13
(0.70) (0.70) (1.61) (0.70) (1.06 (1.96) (0.70) (3.02) (3.60)
NS
Table 19. Combinatorial effect of pre-treatments, onditions and intervals of
storage on speed of germination
T Condition-I Condition-I| Condition-Ill
I l2 I3 1 l2 I3 1 l2 I3
T 0.37 12.45 20.76 13.37 8.65 33.01 2.84 17.51 22.82
(0.88) (3.56) (4.59) (3.69) (2.98) (5.78) (1.77) (4.23) (4.89)
T2 4.02 10.84 18.42 10.61 13.13 23.45 2.54 14.97 22.17
(1.81) (3.22) (4.30) (3.15) (3.66) (4.87) (1.72) (3.92) (4.70)
T3 1.8 12.56 15.01 6.20 11.52 22.54 5.45 15.67 28.49
(1.50) (3.36) (3.86) (2.50) (3.35) (4.78) (2.32) (4.01) (5.36)
T4 8.47 18.29 25.38 7.04 13.85 27.19 6.02 20.16 28.34
(2.73) (4.29) (5.01) (2.70) (3.76) (5.24) (2.48) (4.49) (5.36)
TS5 0 0 0.28 0.95 0.25 0 0 1.90 3.98
(0.70) | (0.70) | (0.86) | (1.16) | (0.83) | (0.70) | (0.70) (1.53) (2.08)
NS

T,: Conc.H,SOy treatment for 05 min
T,: Conc.H,SOytreatment for 10 min
T;: Conc.H,SOytreatment for 20 min
T,4: Conc.H,SOytreatment for 30 min

Ts: Control (untreated seeds)

;,CAmbient condition

LRefrigerated condition ,:ISecond interval (8 months)
3: Third interval (12 months)

LFreezer condition

11 First interval (4 months)




Table 20. Combinatorial effect of pre-treatmentsconditions and intervals of
storage on dormancy index

T Condition-I Condition-Il Condition-Il1

I 2 I3 I1 |2 I3 I1 2 I3

o | 0.002% | 004d | 0.032 (%gig) 0036 | 0052 | 0018 | 0062 | 0.039
: ©0732) | (0.743) | (072 | (0.750) | (0.734)

(0.708) | (0.738) | (0.730)
0.014 | 0.041™ | 0.036 0.07F 0.052 0.043" 0.018 0.059 0.04

T2 (0.717) | (0.735) | (0.732) | (0.756) | (0.743) | (0.737) | (0.720) | (0.748) | (0.735)
T3 0.013 0.039 0.033 0.028 0.118 | 0.041™ | 0.028 0.056" 0.05F
(0.715) | (0.734) | (0.730) | (0.726) | (0.784) | (0.735) | (0.727) | (0.746) | (0.742)
T4 0.04 0.0579 0.04% | 0.032° | 0.069 0.057 0.03 0.064 0.05%
(0.734) | (0.746) | (0.741) | (0.729) | (0.754) | (0.742) | (0.728) | (0.751) | (0.745)
5 0" 0" 0.003 0" 0.006 0" 0" 0.009' 0.009'

(0.707) | (0.707) | (0.709) | (0.707) | (0.711) | (0.707) | (0.707) | (0.713) | (0.713)

Values having common superscript are not signifigatifferent from each other.

Table 21. Combinatorial effect of pre-treatments, anditions and intervals of
storage on intensity of dormancy at seven days

T Condition-I Condition-II Condition-Ill
| 1 |2 |3 | 1 |2 |3 | 1 |2 |3
ik hijkd Shijkd cdefghi b | 42.00™ idmn
Ty | 99:00 53.00" | 54.00 59.00 69.00° 23.00 | 92.0C" " 44.00¢
(9.97) (7.22) (7.36) (7.66) (8.31) (4.78) (9.615) (6.47) (6.62)
95at 63ﬁfghijk 47ijkkmn 74abcdefg\ 63efghijk 4d<lmno glab( 5ihij|| 45’klmn
T2 (9.76) (7.73) (6.85) (8.60) (7.93) (6.34) (9.56) (7.16) (6.71)
95312 64defghijk 25 6? 83abcde 72abcdefgk 47ijklmn 86.abcd: 45jklmn Zgnop
T3 (9.77) (7.93) (4.70) (9.12) (8.41) (6.85) (9.28) (6.71) (5.29)
81abcde 445 Imn 49 Oddm 77 §bcdeﬁ 64cdefghi‘ 31mnop 84abcde 3gmnop 24op
T4 (8.95) (6.48) (6.95) (8.82) (8.01) (5.42) (9.17) (6.13) (4.19)
15 | 100 100° 99° 97 97° 100° 100° 91% 90"
(10.02) | (10.02) (9.97) (9.87) (9.97) (10.02) | (10.02) (9.56) (9.51)
Values having common superscript are not signifigadifferent from each other.
T,: Conc.H,SOy treatment for 05 min ;,CAmbient condition 11 First interval (4 months)
T,: Conc.H,SOytreatment for 10 min LRefrigerated condition ,:ISecond interval (8 months)
T;: Conc.H,SOytreatment for 20 min LFreezer condition 3: Third interval (12 months)

T,4: Conc.H,SOytreatment for 30 min
Ts: Control (untreated seeds)



Table 22. Combinatorial effect of pre-treatments, anditions and intervals of
storage on intensity of dormancy at 14 days

T Condition-I Condition-Il Condition-Ill
l1 P I3 I P I3 I I I3
1 99 51 50 55 54 23 91 38 40
(9.975) | (7.098) | (7.091) | (7.395) | (7.318) | (4.784) | (9.562) | (6.182) | (6.308)
T2 93 52 45 62 39 36 91 43 40
(9.666) | (6.937) | (6.688) | (7.853) | (6.159) | (6.011) | (9.564) | (6.581) | (6.275)
T3 94 57 47 76 58 43 85 42 25
(9.721) | (7.4) (6.789) | (8.724) | (7.501) | (6.514) | (9.237) | (6.452) | (4.484)
T4 80 46 27 72 44 28 84 28.5 19
(8.901) | (6.58) | (4.958) | (8.5) (6.648) | (4.994) | (9.176) | (5.168) | (4.385)
5 100 100 97 96 99 100 100 91 87
(10.025) | (10.025)| (9.873) | (9.822) | (9.975) | (10.025)| (10.025)| (9.564) | (9.350)
NS
Table 23. Combinatorial effect of pre-treatments, anditions and intervals of
storage on shoot length of the seedling
T Condition- Condition-I| Condition-IlI
l1 P I3 I1 P I3 I P I3
0.07™ | 3.79%M" | 5683 | 2,709 | 47334 | 5 143 | 3.30%9" | 4483 | 5 502
T (0.75) (2.03) (2.46) (1.79) (2.28) (2.37) | (1.93) (2.23) (2.44)
1o | 212% | 3707 | 568® | 265 | 4760 | 5407 | S0Y | 4627 | 55000
(1.54) (2.07) (2.48) (1.77) (2.29) (2.43) (2.02) (2.26) (2.45)
1.97% 4,10t | 584% | 186% | 5.12%% | 5363 2.2'7hijk 4,523 | 5 35abcd
T3 (1.50) (2.14) (2.51) (1.52) (2.37) (2.42) | (1.65) (2.24) (2.42)
2.02% | 4.34%c® | 5322 | 2,679 | 5.16% | 5.23%cd | 2599 | 4 g7abcde | 5 g13P
T4 w57 | @20 | @61 | @y | @371 | @39 | a7a | @227 | @s51)
5 om om 1.804 1.57% 0.95™ om om 4,224 | 4.93M
(0.70) (0.70) (1.36) (1.36) (1.04) (0.70) | (0.70) (2.17) (2.33)

Values having common superscript are not signifigatifferent from each other.

T,: Conc.H,SOytreatment for 05 min
T,: Conc.H,SOytreatment for 10 min
T;: Conc.H,SOytreatment for 20 min
T,4: Conc.H,SOytreatment for 30 min
Ts: Control (untreated seeds)

1CAmbient condition

LRefrigerated condition ,:ISecond interval (8 months)

LFreezer condition

11 First interval (4 months)

3: Third interval (12 months)




Table 24. Combinatorial effect of pre-treatments, anditions and intervals of
storage on root length of the seedling

T Condition-I Condition-Il Condition-IlI
| 1 |2 |3 |1 |2 |3 |1 |2 |3
1.179" | 0.93°" | 1.06°" 3.92%¢ | Q.92 | 1 08°" 3.92%¢ 1.29%" | 1,269
T ay | @19 | @23 | o9 | 19 | @25 | @on | @33 | (132
3.87%¢ | 0.84%9" | 1.14°0 4.10% 1.08%9 | 0.99°" 4.10%° 1.30%" 1.01°%
T2 (1.95) (1.16) (1.28) (2.13) (1.25) (1.22) (2.10) (1.34) (1.22)
T3 3.02°d | 0.90°%0" | 10190 5172 1.08%9 | 1.04°9 5.312 1.09°% 1.06°"
(1.77) (1.17) (1.30) (2.38) (1.25) (1.24) (2.40) (1.26) (1.24)
T4 3.83%¢ 1.01%9 | 1.34%f 4.33% 0.94°" | 1.09°" 5.00% 1.10°% 0.98°"
(2.02) (1.22) (1.35) (2.19) (1.20) (1.26) (2.33) (1.26) (1.21)
5 o" on 0.5379" | 4.175%¢ 0.29" o" o" 0.88"" 2.20°%4%
(0.70) (0.70) (0.97) (2.02) (0.81) (0.70) (0.70) (1.16) (1.64)
Table 25. Combinatorial effect of pre-treatments, anditions and intervals of
storage on total length of the seedling
T Condition-I Condition-I| Condition-III
|1 |2 |3 |1 |2 |3 |1 |2 |3
1 1.25% 4.56% 6.65% 6.62% 5.65% 6.22% 7.20% 5.77% 6.76%
(1.11) (2.25) (2.67) (2.66) (2.47) (2.59) (2.77) (2.50) (2.69)
T2 6 4.65% 6.82% 6.61%* 5.87% 6.4% 7.69° 5.92% 6.53%
(2.36) (2.27) (2.70) (2.66) (2.52) (2.62) (2.86) (2.53) (2.65)
T3 5.12% 5.02% 7.05% 7.04% 6.19% 6.40%* 7.61%* 5.62% 6.41%
(2.20) (2.34) (2.74) (2.74) (2.58) (2.62) (2.84) (2.47) (2.62)
T4 6.45% 5.36% 7.66% 6.98% 6.10%* 6.33% 7.61%* 5.82% 6.79%
(2.62) (2.42) (2.85) (2.72) (2.56) (2.61) (2.84) (2.51) (2.70)
5 0¢ 0¢ 2.33° 5.75% 1.15% 0¢ o¢ 5.10* 7.13*
(0.70) (0.70) (1.49) (2.31) (1.09) (0.70) (0.70) (2.36) (2.76)

Values having common superscript are not signifigatifferent from each other.

T,: Conc.H,SOy treatment for 05 min
T,: Conc.H,SOytreatment for 10 min
T;: Conc.H,SOy treatment for 20 min
T,4: Conc H,SO,treatment for 30 min
Ts: Control (untreated seeds)

1,CAmbient condition

JLFreezer condition

11 First interval (4 months)
LRefrigerated condition ,:ISecond interval (8 months)
5. Third interval (12 months)




Table 26. Combinatorial effect of pre-treatments, anditions and intervals of
storage on fresh weight of the seedling

T Condition-| Condition-II Condition-IlI
|;|_ |2 |3 |;|_ |2 |3 |;|_ |2 |3

T1 | 0.002 | 0.019 0.022 | 0.016 0.02 0.019 0.017 0.019 0.022
(0.709) | (0.72) | (0.723) | (0.719) | (0.721) | (0.721) | (0.719) | (0.721) | (0.722)

1o | 0011 | 0021 0.021 | 0.017 0.02 0.021 0.016 0.019 0.021
(0.715) | (0.722) | (0.722) | (0.719) | (0.721) | (0.722) | (0.718) | (0.721) | (0.722)

T3 | 0.012 | 0.020 0.022 | 0.017 0.02 0.023 0.016 0.020 0.021
(0.715) | (0.721) | (0.723) | (0.719) | (0.721) | (0.723) | (0.718) | (0.721) | (0.722)

T4 | 0018 0.02 0.023 | 0.016 0.020 | 0.021 0.017 0.019 0.021
(0.72) | (0.721) | (0.723) | (0.718) | (0.721) | (0.722) | (0.719) | (0.721) | (0.722)

5 0 0 0.009 | 0.016 0.03 0 0.02 0.024
(0.707) | (0.707) | (0.713) | (0.718) | (0.709) | (0.707) | (0.707) | (1.569) | (0.724)

NS

Table 27. Combinatorial effect of pre-treatments, anditions and intervals of

storage on dry weight of the seedling

T Condition-I Condition-II Condition-11l
|;|_ |2 |3 |;|_ |2 |3 |1 |2 |3

T 0® 0.002* | 0.002* | 0.001* | 0.002* | 0.002° | 0.002% 0.002% 0.002%
(0.707) | (0.709) | (0.709) | (0.708) | (0.709) | (0.708) | (0.708) | (0.708) | (0.709)

T2 0.001° 0.002° 0.002° 0.001° 0.002° 0.002° 0.002° 0.002° 0.002°
(0.708) | (0.709 | (0.709) | (0.708) | (0.708) | (0.709) | (0.708) | (0.709) | (0.709

T3 0.0071° 0.002° 0.002° 0.001° 0.002° 0.002° 0.0071° 0.002° 0.002°
(0.708) | (0.709) | (0.709) | (0.708) | (0.709) | (0.709) | (0.708) | (0.709) | (0.709)

T4 0.0071° 0.002° 0.002° 0.001° 0.002° 0.002° 0.0071° 0.002° 0.002°
(0.708) | (0.709) | (0.709) | (0.708) | (0.709) | (0.709) | (0.708) | (0.709) | (0.709)

5 0.00° 0.00° 0.001° 0.001° 0.00° 0.00° 0.00° 0.002° 0.002°
(0.707) | (0.707) | (0.708) | (0.708) | (0.707) | (0.707) | (0.707) | (0.708) | (0.709)

Values having common superscript are not signifigatifferent from each other.

T,: Conc.H,SOy treatment for 05 min
T,: Conc.H,SOytreatment for 10 min
T;: Conc.H,SOytreatment for 20 min
T,4: Conc.H,SOytreatment for 30 min

Ts: Control (untreated seeds)

;,CAmbient condition

11 First interval (4 months)
LRefrigerated condition ,:ISecond interval (8 months)
LFreezer condition

3. Thi

rd interval (12 months)




Table 28. Combinatorial effect of pre-treatments, anditions and intervals of
storage on vigour index-1

T Condition-I Condition-I| Condition-IIl
| 1 |2 |3 | 1 |2 |3 | 1 |2 |3
— 5 224.83 | 33392 | 3012 | 26156 | 478.28 | 60.49 355.96 | 406.22
(1.66) | (14.85) | (18.20) | (17.09) | (15.95) | (21.84) | (7.57) (18.86) | (20.08)
T2 57.6 214.34 | 373.46 | 259.34 | 360.46 | 409.62 | 69.19 337.26 | 390.88
(6.55) | (14.27) | (19.25) | (15.63) | (18.84) | (20.21) | (8.18) (18.35) | (19.65)
T3 27.8 213.51 | 371.34 | 177.26 | 260.16 | 364.14 | 115.18 330 478.02
(4.68) | (13.87) | (19.10) | (12.73) | (15.73) | (18.97) | (10.42) | (18.02) | (21.76)
T4 | 13423 | 20268 | 559.56 | 203.54 | 341.28 | 454.62 | 123.08 | 375.23 | 550.75
(10.26) | (16.83) | (23.54) | (13.94) | (18.44) | (21.18) | (10.61) | (19.24) | (23.46)
5 0 0 13.7 29.4 4.6 0 0 47.09 92.42
(0.70) (0.70) (2.97) (4.86) (1.61) (0.70) (0.70) (6.71) (9.45)
NS
Table 29. Combinatorial effect of pre-treatments, anditions and intervals of
storage on vigour index-2
T Condition-I Condition-Il Condition-IlI
l1 P I3 I I I3 I P I3
1 0.007 | 0.104 | 0.114 | 0.0601" | 0.098 0.150° | 0.01% 0.121" 0.131"
(0.70) | (0.77) (0.78) (0.74) (0.77) (0.80) (0.71) (0.78) (0.79)
. 0.011" 0.1' 0.122" | 0.050° | 0.120" | 0.139° | 0.013 0.119" 0.129°
(0.71) | (0.74) (0.78) (0.74) (0.78) (0.79) (0.71) (0.78) (0.79)
3 0.005* | 0.091™ | 0.110 0.034% | 0.092™ | 0.132 0.024 0.120" 0.160°
(0.71) | (0.76) (0.78) (0.73) (0.76) (0.79) (0.72) (0.78) (0.81)
T4 0.028° | 0.120" | 0.170° | 0.038 | 0.120" | 0.158 | 0.018" 0.133 0.182%
(0.72) | (0.78) (0.81) (0.73) (0.78) (0.81) (0.72) (0.79) (0.82)
5 0’ 0’ 0.006* | 0.006° | 0.00Y 0’ 0’ 0.014" 0.031
(0.70) | (0.70) (0.71) (0.72) (0.70) (0.70) (0.70) (0.72) (0.72)

Values having common superscript are not signifigatifferent from each other

T,: Conc.H,SOy treatment for 05 min
T,: Conc.H,SOytreatment for 10 min
T;: Conc.H,SOytreatment for 20 min
T4 Conc H,SO,treatment for 30 min

Ts: Control (untreated seeds)

;,CAmbient condition
LRefrigerated condition ,:ISecond interval (8 months)

JLFreezer condition

11 First interval (4 months)

5. IThird interval (12 months)




Table 30. Effect of conditions and intervals of st@ge on water imbibition of

Sida alnifolia

Water imbibition ( per cent)
After 3 After 06 | After 12 After 24
Treatments
hour hour hour hour

Ambient 22.06 29.76 32.89 36.51
Conditions | Refrigerator 33.74 38.91 41.69 45.03
Freezer 41.62 45.69 48.06 51.4Q

First 41.07 45.32 48.60 52.11
Intervals Second 36.02 41.61 43.87 46.95
Third 20.32 27.42 30.17 33.88

Table 31. Effect of conditions and intervals of st@ge on electrical conductivity

of seed leachates

Electrical conductivity (dS m™)

Treatments Fresh seeds Stored seeds
Ambient 0.030
Conditions Refrigerator 0.036
Freezer 0.041
First 0.030
Intervals Second 0.035
Third 0.042




Table 32. Effect of storage conditions on content aninerals, EC and pH of seed
leachates ofSida alnifolia after one year

Storage conditions
Parameters

Ambient Refrigerator Freezer

Ca (ppm) 1.4% 1.67 2.60°
Na (ppm) 2.90 3.09 3.99

K (ppm) 2.06 2.66 3.98

pH 5.6% 5.83 6.16

EC (dS m?) 0.036 0.043 0.048

Values having common superscript are not signifigadifferent from each other.



Discussion




DISCUSSION

Sda species, a panaceae for rheumatism and neurologaraplaints in
indigenous medicine is gaining more importance pBy@o pharmaceutical due to the
presence of indoquinoline alkaloids with pharmagadal effects such as anti
microbial, anti hyperglycemic and cytotoxic effectRarity in the population diida
species is observed presently, owing to over etgilon, destructive harvesting for
collection of roots and habitat destruction. Speenformation on seed production
potential, dormancy and germination behaviour &sponse to storage are needed to
plan and execute conservation strategies and dmaigsh programmes, which are

rather limited.
5.1. ASSESSMENT OF SEED PRODUCTION POTENTIAL $\la spp

Sda alnifolia was found to have a vigorous growth as comparé&itimacuta
and Sda cordifolia as indicated by more height (Fig. 1) and number ofmany
branches (Fig. 2). But the seed production paéemias highest foSda acuta as
evidenced by early flowering and fruiting, extendeed rain (Fig. 4), fruit yield and
seed vyield (Fig. 3). Sda cordifolia was intermediate in flowering and fruiting
whereasSda alnifolia flowered last. In contrasfida cordifolia had largest fruits
and seeds and more seeds (09) per fruit wheregssonlseeds in fruits ofida

alnifolia andSda acuta. The least sized fruits and seeds wergdia alnifolia.

The flowering observations of this study is in comence with Sivarajan and
Pradeep (1996) whereifida acuta has an early and extended flowering &hda

alnifolia is relatively late to flower (Table 2).

Seed yield per plant (seed number) observed insthdy (10043.84 to
23005.78) relates to the seed yield reported byrtéblal. (1997) and Calderoet al.
(2000) inSda rhombifolia (7962 tol11, 600).



Fig. 1 Plant height inSida spp.

Fig. 2 Number of primary branches inSida spp.



Fig. 3 Fruit and seed yield inSida spp.

Fig. 4 Seed rain inSida spp.



Anthesis in the three species occurred betweenan8@ 8.15 am witlsida
acuta having early anthesis. Slight variation in tinfeaathesis amongida species
has been already reported by Sivarajan and PraflE¥36). An early anthesis
observed in the study may be due to climate chaagewariations in the locations of

the study.

5.2. CHARACTERIZATION OF DORMANCY

Dormancy in the threSida species was studied from different perspectize
physical, physiological and biochemical. Dormarbmghaviour of fresh seeds and
those stored for one year under ambient conditiod #hose sown under field

conditions was also studied.

5.2.1. Physical factors inducing dormancy irsida spp.

Seed coat thicknesses of the three species inafasesh seeds (Table 4),
seeds stored for one year and scarified see@dafalnifolia were studied (Fig. 5).
The thickness of different layers of seed coatil@em, mesoderm and endoderm)
and perimeter of seed, except cuticle was higloesidla cordifolia followed bySda
acuta whereas cuticle thickness was highestdda alnifolia followed bySda acuta
(Fig. 6). This is in agreement with the reportR#o and Dave (2006) that seeds of
Sda rhombifolia possesses thick and corrugated cuticle, whiclasen impermeable
layer restricting germination. Conversion of hydnehenolics to insoluble lignin
polymers forming a water impermeable barrier atadhalazal area resulting in hard

mature seeds of prickl§ida has been suggested by Egktwl. (1983).

Apparent reduction in thickness of different layefseed coat and the impervious
cuticle upon storage and treatment with Coni'S® was observed. Scarification of
seeds brought out a drastic reduction in thickoéskfferent layers especially cuticle
wherein 50.56 per cent reduction was noted. Thcan be



Fig. 5 Total seed coat thickness @ida spp. upon storage

—_—

Fig. 6 Cuticle thickness upon storage isida spp.



concluded that fresh seeds have higher seed caxnéiss and this acts as a
mechanical barrier for water imbibition and redauctiin cuticle layer after acid
scarification might have reduced the impermeabferlgPlates 15 and 16). Physical
dormancy due to hard seed coatSda species has been reported by Egley (1989)
and Seal and Gupta (2000).

Embryo area and perimeter of seeds increased lIglightring storage,
compared to fresh seeds (Fig. 7 and 8), \@tta alnifolia recording maximum
values and least inid cordifolia (Table 5). Similarly Rizlet al. (1969) stated that
Sda rhombifolia seed required four to six weeks of after-ripermhg@mbryo, before
appreciable germination was apparent. The incréasthe size of the embryo
observed in the study can be attributed to afteening / maturation of embryo

during storage.

5.2.2. Physiological factors inducing dormancy iisida spp.

Under physiological studies, freshly harvested seefdthreeSda species
were sown in sterilized petriplates and observedltb days, to record germination
per cent (Table 6). Seeds with and without imimbitwere exposed to different
temperatures (30° C, 35° C and 40° C), light amk danditions (08 h and 16 h) and
hydration and dehydration treatments and sowingaofe seeds was done, repeating
the hydration and dehydration treatments. Gernanatvas very poor irrespective of
the species and treatments recording maximum opevaent.

Since fresh seeds are used for the study, thenfysdof the study are in
agreement with Rizlet al. (1969) who found th&idaseeds required four to six
weeks of after-ripening before appreciable gernmatvas apparent and dormancy

was not broken by several light-dark regimes.



Untreated seeds

Seed coat removed after scarification

Plate 15. Effect of acid scarification on seeds
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Treated seeds

Plate 16. Seed coat thickness of sulphuric acid &ed and untreated seeds



Fig. 7 Embryo area upon storage irSida spp.

Fig. 8 Embryo perimeter upon storage inSida spp.



The reduction in the biochemicals such as totalaekives, content of total
alkaloid and total phenol and increased in mineaald electrolytes (Ca, K and Na
and EC) upon storage can be attributed to intevexmmons or utilization of the
metabolites taking place during after ripening mation of embryo. Resulting in
better germination. Presence of inhibitors and haeical restriction to embryo

growth.

Chauhan and Johnson (2008) also found that genmmaat higher
temperatures (30° C / 20° C to 35° C / 25° C) vaasnfluenced bytight conditions.
The non response of hydration and dehydrationrnreats may be due to the fact that
these treatments may not be sufficient to soften lthrd seed coat. In general,
requirement of after ripening period of embryo and response of seeds to
temperature and light conditions may be reasonsdoy poor germination of fresh

seeds observed in the above experiments.
5.2.2.1. Germination of fresh and stored seeds

Germination studies in both fresh and stored sesmgn in protrays containg
sand and observed for germination and growth allsegs revealed that irrespective
of the species, seeds whether fresh or storedifelgerminate without pre-treatment
with Conc. HSO, for 20 min (Table 7). In the case of fresh segésmination was

extremely low withSda cordifolia recording maximum of two per cent.

After storage for one year, seedsSida cordifolia failed to germinate even
with acid scarification whereaSda acuta and Sda alnifolia gave 48.00 and 33.40
per cent germination respectively. The germinapen cent, speed of germination,
growth parameters of seedling and vigour index wasroved with considerable

reduction in intensity of dormancy upon storagsexds for one year.



As reported by Lissy (2004) difference in embryabiiity betweenSda
species may be a reason for the loss of viabitity @o germination isida cordifolia
observed after one year in this study. Also prigbable that all the seeds produced
by a plant may not have a well formed embryo tomes growth or the embryo inside
the seed has a definite life span under the gimeiranmental conditions, which may
determine the spread of the species within theystes with respect to time (Misra,
1968).

5.2.2.2. Germination of Sida spp. under field conditions

Seeds ofSda acuta, Sda alnifolia and Sda cordifolia, collected during
December 2012 were sown during February 2013 (T@plePots were kept under
irrigated and rain-fed systems. In irrigated ctindi, germination started from
February itself and germination was continuous @t months recording less than
15 per cent germination in all the three specieth wighest germination isida
alnifolia (14.50 per cent). The occurrence of polymorphisrspecies which exhibit
seed coat dormancy has been reported and allowss $orall percentage of seeds to

be readily permeable (Graaff and Van Staden, 1983).

Under rain-fed system, pots were left in open coowali for natural
weathering. In all the three species, germinatianted spontaneously on receipt of
rain during June and completed within ten dayspneing germination of 42.50 per
cent inSda cordifolia and maximum of 74.00 per centdda acuta. This may be
because, the seeds are dormant at seed fall andlerdnigh alternating temperature
for germination as reported by Mott (1980). Thergpneous germination observed
in the study is in agreement with the report of KR& al. (1969) that alternating
temperature in soil seed banks 8&fda results in softening of the thick hard
impermeable seed coat permitting imbibition of wated exchange of gases. It is

also probable that in nature, exotesta is deconapbgenicrobial action or ruptured



by desiccation due to fluctuating temperatures€3ph963; Van Stadest al., 1994).
Desiccation followed by rain induces the rupturepafisade (endotesta) layer, thus

removing the mechanical constraint on the embryos.

In conformity with the findings of this study thaér cent of hard seeds 26.00-
57.50 are left after the wet season in tiHaela species. The occurrence of 30.00 per
cent hard seeds after the wet seasdfida acuta has been reported by Mott (1980).
In seeds with physical dormancy opening of a wgégr in the seed coat in response
to an environmental signal, thereby allowing wdterenter has been suggested by
Baskin and Baskin (2006). Differences in the ligaition of palisade cells produce
permeable and impermeable seeds as reported by Bgte Paul (1981) irfHda
spinosa holds true in this study also.

5.2.3. Biochemical

Estimates of the contents of total extractivesgltatkaloid and total phenol in
the seed and contents of major salts, EC and psted leachates of three species
were made (Fig. 9 and 10). It was observed thasgecies differed significantly in
the contents of total extractives and total allchloontent, withSda acuta having
higher total extractives (8.87 per cent) and tatiialoid content (1.85 per cent)
followed by Sda cordifolia and Sda alnifolia which were on par.Sda alnifolia
recorded maximum content of phenols (5.85 per céritbwed bySda acuta (4.75
per cent) and&ida cordifolia (4.40 per centyhichwere on par. Stored seedsSda
alnifolia registered significant reduction in total extraet (26.71 per cent), total
alkaloid (42.30 per cent) and total phenol (38.46 gent) with maximum reduction
in total alkaloid, compared to fresh seedsSSof alnifolia. In general, upon storage,
the biochemical parameters reduced significantipndicating a probable change

taking place during after ripening maturation ofoeyo.



Fig. 9 Biochemical parameters of seeds &da spp.

Fig. 10 Effect of storage on the mineral content cfeeds ofida spp. under

ambient conditions



Newton and Egley (1977) found that both dormant and-dormantSda
spinosa seeds contained water-soluble inhibitors. Wilkaand Hoagland (1982)
reported the combination of coumarin with p hydioegzaldehyde to inhibit the
germination ofSesbania exaltata and Sda spinosa to a greater extent than either
compound alone. Felix and Harr (1987) reported tharked increase in polyamine
content generally occurred in the cotyledons orospdrm on germination of many
species. Fischeaat al. (1989) reported that seed germination of thetgiedons and
monocotyledons was both inhibited and promotededdimg on the compound and

the specific species or cultivars, at concentragistow as 1 uM.

5.3. TREATMENTS FOR IMPROVING GERMINATION

Studies on characterization of dormancy revealatftieshly harvested seeds
of the three Sda species failed to germinate and that seed coatoset
impermeability and requirement of after ripeningtunation of embryos are primary

reasons restricting germination.

Eighteen pre-treatments comprising scarificatiore¢hanical scarification,
chemical scarification), scarification followed osticum, boiling water treatments,
boiling followed by freezing, hydration (water saa) and soaking in cow dung
slurry, were tried for softening the seed coat smgroving germination. This was

compared with untreated control.

Germination per cent and speed of germination gagignificantly among the
various pre-treatments (Fig. 11). Pre-treatmensaedds with Conc. 1$0, was
significantly superior to rest of the treatmentsincrease in the duration of
scarification showed gradual increase in germimatpercentage and speed of

germination and maximum values were seen for 30traatment with Conc. $$0;.



Fig. 11 Effect of pre-treatments on seed germinatioin Sida alnifolia

Fig. 12 Effect of scarification treatments on germmation and speed of
germination



Similar to the present findings, Pacla al. (2014) also found that
scarification for 30 minutes with 95.00 per cenlpburic acid was most effective in
breaking the physical dormancy of seeds Sxfla hermaphrodita, resulting in
imbibition without impairing embryo viability. Lissy (2004) reported beneficial
effect of acid scarification in fouida species with the optimum duration to be 10-20
min as well as variation in germination per centhvihe highest irSda cordifolia
and lowest inSda rhombifolia. The favourable influence of Conc.,$0, in
improving germination was strongly supported by @@ and Johnson (2008)
whom suggested that seedsSmfa treated with sulphuric acid for 120 min resulted i
65.00 per cent germination compared with five pErtcfor non-scarified seeds and
predicting the response to scarification indicdltes a hard seed coat is the primary

mechanism restricting germination.

Mechanical scarification with sand registered 26@0cent germination, less
than 60.00 per cent which is minimum mandatory geation requirement. In
contrast, beneficial effect of mechanical scartfmawas reported by Pedroso (2007)
in Sda rhombifolia and Shooshtharian and Salehi (2010)licea aucheria; probably

the agents used and extent of scarification majifferent.

Sand paper rubbing followed by soaking in one et &NQO; for 12 h was
not very effective giving only six per cent gerntina. Oxidants like KN@ help to
break dormancy in seeds of many species (RobedsSamth 1997). As per the
findings of Bewley and Black (1994), KN@nhances germination by enhancing the
O, level. However, in the case &da, dormancy may not be related to oxygen
availability, since soaking seeds for 12 h in KNéuld not improve germination

percentage.

Germination percentage for the hot water boilingl @oaking treatments,

ranged from zero to six per cent. Hot water bgiliallowed by freezing, overnight



soaking in cow dung slurry and making pin prickdi@ed by soaking in water for
48 h recorded only two per cent germination. Suogkn water for 48 h, overnight
water soaking and untreated seeds failed complaiedpften the seed coat and none
of the seeds germinated.

Among the eighteen pre-treatments tried to softenseed coat, scarification
treatments with Conc. 430, were the best. The effect of best four treatmeh&gid
scarification with Conc. 5Oy, treatment for 05 min, 10 min, 20 min and 30 min

compared with untreated control on growth and vigiiseedlings was studied.

Effect of scarification using Conc. ,BO, for different durations on the
growth and vigour of seedlings indicated that ast@rification treatments of all
durations were significantly superior compared mdreated control seeds (Fig. 12).
Scarification for higher duration of 30 min recoddeighest germination percentage,
speed of germination, dormancy index, seedling groand vigour parameters and
lowest intensity of dormancy (28.00 per cent), whis inversely related to
germination. Scarification for 10 min and 20 mirre/ on par but superior than
scarification for the duration of five minutes. turated seeds recorded highest
intensity of dormancy (99.00 per cent), exhibitiogly one per cent germination
(Table 12 and 13).

The rate of water imbition was faster for the fregeds than stored seeds
(Table 14). Irrespective of treatments, the maximonass increase was noticed
within three hours of soaking for the scarificatibratments, but untreated seeds
absorbed maximum water after six hours of soakiirgespective of age of seeds,
with increase in duration of scarification, ratembition was also higher but the rate
of increase was more pronounced in fresh seeds ithatored seeds. However,

increase in water imbition rate after at six hos h and 24 h was low for the fresh



seeds than the stored seeds and after the 24 bbswmaking in water, per cent of

mass increase of fresh and stored seeds wereinelars

Therefore, it is presumed that the difference inngeation percentage
between acid scarification treatments, mechanicdllet water treatments and other
treatments might be due to differences in the rateseed coat softening and water
imbibition as achieved by the pre-treatment techesq

5.4. SEED STORAGE STUDIES

In this study, the main focus was on the impacstofage conditions and
intervals of storage on storability of seeds (Tall8-29). Freshly harvested seeds of
Sda alnifolia whose moisture content was brought down to 4-5cpat were stored
for one year, in self sealing polythene bags atiamprefrigerated (67C) and
freezed (BC) conditions. Seed quality parameters like geatiam per cent, speed of
germination, intensity of dormancy, dormancy indeigour of seedlings, water
imbibition and electrical conductivity were recoddat four months interval for one
year. The effect of pretreatment with acid sceatfion on seedling quality
parameters at different durations (05, 10, 20 ahdn®) consequent to storage of

seeds was also studied.

Acid scarification treatments improved germinatiand scarification for
higher duration of 30 min recorded highest gernmiomaper cent of 51.55 per cent and
least for untreated seeds (3.33 per cent). Silyilatorage of seeds under cooler
conditions had a beneficial effect on these pararsetompared to seeds stored under
ambient condition. There was no germination foireated seeds stored at ambient
condition even after storage for one year, whegeasiination per cent was nine and
13.00 per cent for the seeds under refrigeratorfeeeter conditions. Respectively
Minimum mandatory germination requirement of 60@¥)y cent was achieved for

seeds stored under freezer after eight monthsoohg and reached 81.00 per cent



after one year of storage. During the seed séopmgiod of one year, germination
per cent showed an increasing trend the increaseliwaar from 14.80 per cent
germination at four months interval to 42.33 pemntdeom at eight months storage
and 52.86 per cent at one year storage.

This finding is consistent with the results obéalrby Bhaleet al. (1988) who
observed that cotton seeds stored for over 90 dagsved an increase in the
percentage of hard seeds but storage for over ag® @sulted in a reduced hard seed
percentage. Near normal germination percentages aeserved in seeds stored for
over 120 days. Similarly, Narwalet al. (1998) also found that seed viability and
germination reached its maximum after six monthstofage in all the cultivars of

okra, thereafter, it declined gradually.

In the case of speed of germination, highest spafedermination was
recorded for the seeds invigorated with higher tlomaof Conc. HSO, for 30
minutes (17.20) and least for untreated seeds X0.8W/ith respect to storage
conditions, cooler conditions (freezer-12.86 aniigerator-12.87) were on par but
significantly superior to storage under ambient dibon (9.91). Speed of
germination increased substantially with the indésvof storage, with 4.65 in first
interval, 11.45 in second interval and a maximuml®#5 during third interval of

storage.

Other seed quality parameters like growth of segdlishoot length, root
length, total length, fresh weight and dry weightyour index-I, vigour index-Il and
dormancy index, showed gradual increase for higheations of acid scarification
and 30 min treatment, recorded maximum values. d Sderage under cooler
conditions was significantly superior over seedsest in ambient condition. Growth
and vigour exhibited increasing trend and seedsedtdor one year recorded

maximum values.



In the case of intensity of dormancy, untreatedisesxhibited highest values
(96.66 per cent) where as lowest values were redofdr acid scarification for 30
min. Among the storage conditions, seeds storadfitgerator (59.00 per cent) and
freezer (60.30 per cent) stored recorded signifigdower intensity of dormancy and
were on par, where as seeds stored under ambiedition showed higher intensity
of dormancy (69.20 per cent). Similarly, seedsestdor longer intervals withessed
very low intensity of dormancy (47.13 per cent)ikalthe four months old seeds
(85.20 per cent). Similar findings were reportgdDoijode (1997) who observed
that highest seed viability and extended storagekia for ten years was achieved for

the seeds stored under low temperatures and undereso temperatures.

There was an explicit increase in leakage of seadhlates with increase in
the duration of storage. In conformity with theegent finding, Seal and Gupta
(2000) also observed elevated leakage of elece®lyt aged seeds than freshly
harvested seeds &ida acutaandSda rhombifolia. The observed increase in EC
values of seed leachates upon storage could beéodoembrane aberration of the
seeds, as observed by Berjak and Villers (1972haize. Yadawt al. (1987) also
related the increased EC values with weakeninglbfheembrane integrity in case of
sal seeds and they opined that soluble leakagedwoaiease germinability of seeds.
When the storage conditions are compared, seededston freezer recorded

maximum content of minerals and pH.

When a comparison of seeds stored under diffexenditions was made, it
was observed cooler conditions exhibited the higlmrcentration of salts, pH and
electrical conductivity of the seed leachates thfam seeds stored under ambient
condition and this may be a reason for increasethigation for the seeds stored

under cooler conditions.



With advance in storage period there was graduatedse in per cent
imbibition of water, perhaps due to the thickenofgseed coat as indicated by the
anatomical studies (Fig. 13). Similar findings d#creased water imbibition over
period of storage was reported by Paetka. (2014) inSda hermaphrodita seeds,

Seeds stored under cooler conditions imbibed watekly and highest water
imbibition was noted for the seeds stored in fregfeg. 14). Seeds stored in
ambient condition showed a slow and low water intigib. In consequence with the
present findings, Tubiet al. (2005) found that amount of water absorbed by
sunflower seed in a 24 h period decreased with dde rate of decrease was higher
both in seeds stored in ambient conditions thatmase stored at 4°C and 80-85 per
cent relative humidity. Motat al. (2012) observed the decreased germination
percentage in seeds ddtropha curcas, when the time of water imbibition was

increased.

The better response of seeds to low temperatureaggtoespecially is
attributed to increased water imbibition, electricanductivity (Fig. 15) and content
of minerals (Fig. 16).

As reported by Tran and Cavanagh (1984), the obdepauses of seed
dormancy inSda are hard seed coat with an impervious cuticle,eimm@ability of
seed coat to water and gases, immaturity of therymnipresence of inhibitors and

mechanical restriction to embryo growth.

The present investigation could thus establishgbatls o&da species exhibit coat

imposed dormancy and require two months of afpeming period. Fresh seeds and

seeds stored for one year under ambient condisibedfto germinate without pre-

treatment. Acid scarification has brought out gigant reduction in the seed coat

thickness, caused abrasions and improved watebitidn. Pre-treatment of seeds
with Conc. HSO, for 30 min is suggested to bring down dormancy and



Fig. 13 Effect of storage intervals on water imbiliion per cent in Sida alnifolia

Fig. 14 Effect of storage conditions on water imbilion per cent in Sida alnifolia



Fig. 15 Effect of storage intervals and conditionen electrical conductivity of
seed leachates i®ida alnifolia

Fig. 16 Effect of storage conditions on content ahinerals in seed leachates of
Sida alnifolia



improving germination without impairing embryo vikly and vigour of
seedlings. Subjecting the seeds to natural weathesia simple way of taking care of
dormancy and improving germination. The seeds lmareffectively stored under
cooler conditions in refrigerator / freezer for oyesar or longer, which also lowered
dormancy and improved germination and vigour ofdBegs. Storage of seeds for
eight months under freezed condition and scariboatith Conc. HSQ, for 30 min

is found necessary to get minimum mandatory gertanaf 60.00 per cent.
Future line of work suggested:

1. Response of seeds to long term storage
2. Role of inhibitors in dormancy behaviour

3. Characterization of after ripening of embryo



Summary




SUMMARY

The present investigation on “Seed production gakndormancy and seed
storage behaviour ilsida spp.” was undertaken at the Department of Plamtati
Crops and Spices, College of Horticulture, Vell&aila during 2012-2014. The
study aimed to assess seed production potentiatlachcterize dormancy in three
Sda species such &da acuta, Sda alnifolia andSda cordifolia and to standardize
ideal pre-treatment for improving germination aadstudy seed storage behaviour in

Sda alnifolia.

» Significant difference in vegetative growth paraenstwas observed in the
three species anf8ida alnifolia was most vigorous, recording highest plant
height and number of primary branches. Flowering &uiting in Sda
species was staggered and started four monthspédireiing. Sda acuta was
early to flower (120 days) with more weeks of seaid (10) and seed yield
(1562.65kg ha') or seed production potentialSda alnifolia was late to
flower (142 days) with less weeks of seed rain (@69 witnessed lowest,
seed yield (713.87 kg H Highest hundred fruit weight (5.27 g), hundred
seed weight (0.48 g) and number of seeds per(fQijtrecorded high isida
cordifolia.

» Physical characterization of dormancy by analy$isead coat thickness and
embryo size of three species revealed that haok teed coat comprising
endoderm; mesoderm, periderm and presence of thgokrugated
impermeable cuticle were major limiting factorstriesing the exchange of
water and gasesSda cordifolia registered highest seed coat thickness and
least inSda alnifolia. Upon storage, the total thickness of the coat an

individual layers was slightly reduced but embryeaa perimeter and cuticle



thickness increased slightly especialBiga alnifolia has maximum embryo

area, perimeter and cuticle thickness.

Physiological conditions like exposure of seedslitferent temperaturegz.
30° C, 35° C and 40° C sown with and without intiohi light and dark
exposure for eight and sixteen hours and exposustréss by hydration and
dehydration for 48 h and resowing of same see@s fftir months repeating
hydration and dehydration, failed to supplementeah#ryo requirements or
make alterations in the seed coat, which were foesskntial to improve

germination.

Germination studies in both fresh and stored sedddhree Sda species,
revealed that irrespective of the species, whetltemh or stored failed to
germinate without pre-treatment even after 45 daysl 14 days of
observation respectively. Fresh seeds pre-treatdd Conc. HSO, for 20
min recorded maximum of two per cent germinatiorSida cordifolia and
only one per cent each Bida alnifolia andSda acuta whereas stored seeds
Sda acuta and Sda alnifolia gave 48.00 and 33.40 per cent germination
respectively. Sda acuta showed better performance with respect to
germination per cent (48.00) and speed of gernunatil6.46), reduced
intensity of dormancy (52.00) whereas growth ofddieg was better foGSda
alnifolia. The germination per cent, speed of germinatipowth parameters
of seedling and vigour index were improved uporragje of seeds for one

year, whereas intensity of dormancy got reduced.

Germination studies (two months old) Stla species in field under rain-fed
and irrigated conditions indicated that seeds exghd® natural weathering

showed a spontaneous response on receipt of raingddune and the



germination completed in ten days with the highgstmination (74.50 per
cent) being recorded i@da acuta followed bySda alnifolia (67.50 per cent)
and lowest inSda cordifolia (42.50 per cent). Under irrigated conditions,
germination started from the month of sowing in feaby itself and was
continuous upto ten months (November) giving geatidm per cent of 7.25-
14.50.

Biochemical analysis of seeds revealed tBala species differed in the
content of total extractives, total phenol and ltetikaloid andSda acuta
recorded higher contents of total extractives adl talkaloid whereas total
content of phenol was highest$ta alnifolia. Seeds o&da alnifolia stored
for one year recorded significant reduction in thechemical constituents,
with highest reduction in the total alkaloids, icating a probable change

taking place during after ripening maturation ofoeyo.

Among the eighteen pre-treatments tried for therawmg germination,

chemical scarification using Conc.,$0D, was significantly superior and
recorded higher germination per cent and speeemhigation. Abrasion with
sand paper was found the next better treatmenttrebbied seeds failed to
germinate. As indicated by anatomical studies eflseoat, scarification has
brought out significant reduction in the seed dbatkness especially cuticle
and disruption of the seed coat, imparting geatom. Scarification of
seeds with Conc. 50, for higher duration of 30 min was selected asbibst

treatment considering the improvement in germimag@r cent, speed of
germination, growth and vigour of seedling and gigant reduction in the

intensity of dormancy.

Storage of seeds for one year revealed that imprexe of germination and

vigour of seedling and reduction in dormancy fagtaas at a positive side



compared to fresh seeds. The overall germinatesrcent was 14.80 at four
months after storage which reached 52.86 per démt B2 months. There
was also significant increase in growth and vigair seedlings with

advancement in storage period. Storage under rc@ttaosphere either
refrigerator or freezer, was found to improve thlngination and vigour of

seedling compared to ambient storage.

Seeds stored under cooler conditions recorded highaleies for content of
minerals such as calcium, sodium and potassium, gitd electrical
conductivity than seeds stored under ambient camdit The significant
increase in germination and vigour of seedlingmiyistorage especially under
cooler conditions can possibly be attributed thexitone or combination of
the factors like after ripening of the embryo, reeld per cent of hard seeds,
reduction in biochemical constituents and incre@aseninerals content and

increased leakage of seed leachates due to memddranation.

The present investigation could thus establish #estds ofSda species
exhibit coat imposed dormancy and require two m®rah after ripening
period. Fresh seeds and seeds stored for oneupear ambient condition
failed to germinate without pre-treatment. Acicusiication has brought out
reduction in the seed coat thickness, caused amsasind improved water
imbibition. Pre-treatment of seeds with CongSB; for 30 min is suggested
to bring down dormancy without impairing embryo hildy and vigour of
seedlings. Subjecting the seeds to natural weathés a simple way of
taking care of dormancy and improving germinatiofhe seeds can be
effectively stored under cooler conditions in rgémator / freezer for one year
or longer, which also lowered dormancy and improyggstmination and

vigour of seedlings. Storage of seeds for eightntm® under freezed



condition and scarification with Conc 80, for 30 min is found necessary to

get minimum mandatory germination of 60 per cent.
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Appendix |. Meteorological data during the crop groving period

Month Mean Max. | Mean Min. | Mean RH Rainfall
(2013-14) | Temp ("C) | Temp (°C) (%) (mm)
June 28.50 22.70 90.00 1031.8@
July 28.40 22.70 91.00 932.30
August 29.90 22.90 84.00 305.90
September 30.00 22.20 85.00 344.10
October 30.80 22.60 83.00 309.80
November 32.60 23.90 73.00 82.00
December 31.90 22.30 61.00 0.50
January 32.90 23.00 59.00 00
February 34.70 22.90 56.00 00
Total - - - 3006.40
Average 31.07 22.80 75.77 334.04
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ABSTRACT

The study entitled “Seed production potential, damoy and seed storage
behaviour inSda spp.” was undertaken at the Department of Plamtafirops and
Spices, College of Horticulture, Vellanikkara dgip012-2014. The study aimed to
assess seed production potential and characteomeadcy in threeSda species
(Sda alnifolia, Sda acuta andSda cordifolia) and to standardize ideal pre-treatment
for improving germination and to study seed stofagjeaviour irSda alnifolia.

Flowering and fruiting inSda species was staggered and started four months
after planting. Flowering and fruiting was eadi@s Sda acuta and latest irSda
alnifolia. Maximum seed rain and seed production potemtéed exhibited bySda

acuta. The fruits and seeds were biggesSHita cordifolia.

Physical characterization of dormancy by analy$iseed coat thickness and
embryo size of three species revealed that hac #@ed coat comprising endoderm,
mesoderm, periderm and presence of thick corrugemgermeable cuticle was a
major limiting factor restricting the exchange ohter and gases. Acid scarification
brought out reduction in all layers of the seed eath maximum reduction in cuticle
thickness. Upon storage, the total thickness efdbed coat and individual layers
was slightly reduced but embryo area, perimeter amitcle thickness increased

slightly.

The physiological conditions tried such as exposofeseeds to different
temperatures, light and dark and exposure to strgskBydration and dehydration
failed to promote germination in fresh seeds. spextive of the species, seeds
whether fresh or stored, also failed to germinatbaut pre-treatment.

Germination studies under field conditions indidathat seeds exposed to

natural weathering showed a spontaneous responseecaipt of rain and the



germination was completed in ten days with higlgesmination (74.50 per cent) in
Sda acuta followed by Sda alnifolia (67.50 per cent) and least $da cordifolia
(42.50 per cent).

Biochemical analysis of seeds revealed that spetiftsyed in the content of
total extractives, total phenol and total alkal@dd Sda acuta recorded higher
contents of total extractives and total alkaloidevdas total phenol content was
higher inSda alnifolia. Analysis of the seed leachates indicated speciisehce in
the content of minerals and electrical conductivi§da acuta recorded the highest

potassium and EC values.

Among the eighteen pre-treatments tried for imprgwyermination, chemical
scarification using Conc. 430, was significantly superior and recorded higher
germination per cent and speed of germination.raamed seeds failed to germinate.
Scarification of seeds with Conc.,$0, for higher duration of 30 minutes was
selected as the best treatment considering impremenin water imbibition,
germination per cent, speed of germination, groatil vigour of seedling and

significant reduction in the intensity of dormancy.

Storage studies revealed that upon storage, getionnaigour of seedling and
reduction in dormancy factors were at a positivde scompared to fresh seeds.
Storage of seeds under cooler atmosphere eithegenettor or freezer was found to
improve the water imbibition, content of mineralgermination and vigour of

seedling compared to ambient storage.

The present investigations could thus establishsbeds oS da species exhibit
coat imposed dormancy and require two months adr afpening period, posing
problems in germination. Pre-treatment of seeds @onc. HSO, for 30 minutes is
suggested to bring down dormancy and improve gextioin and vigour of seedlings.

Exposing the seeds to natural weathering is a simgly of improving germination.



The seeds can be effectively stored under cooleditions in refrigerator / freezer
for one year or longer which also lowered dormaaeg improved germination and

vigour of seedlings.



