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ABSTRACT

Caseiitm fenestratian eolebr. (Menispennaceae) a dioccious linna, common in disturbed
forest of low cauniry wet zoune. It is o widely used medicinal liana in Sri Lanka and a
potential forcipn market, due to the presence ol atkaloids such as berberine. jatrorhizine and
palimating in it While the water extraetion of its sicin provieds a decoction Tor treatment of
body aches, pains, common colds, tcianus, dressing wounds and ulcers because of its
antiscptic propenies.

As a result of iltegal over exploitation, distruciive colleciion, rclatively slow growth rate,
seed predation, low seed germination and low percemtage of scedling survival, natural
populatiens of this species are decimated and for are disappearing at an alarming rate. To
meet the inercasing demand and over come short supply of this species, development and
simple cost effective propagation techniques is one of the primary impediments for mass
cullivinien.

Seeds of this species show relatively long period of dormancy (2-15 months) and under
nawwral conditions sevd germinaiion were found to be less than 20 %. This study examined
how €' fenestranun seeds could be propagated u%‘i'ng simple and cost effeciive mcthods and
auempts were made 10 develop techniques 10 overcome seed dormancy. C. fenestranun fruits
were collected by bagging the mature fruit bunches still intact to the parent liana from
disturbed forest fringe in Sinharaio MAB Rescrve. Fruits were depulped manually and
washed with tap water before the seeds were used for a range of experiments. “

The meisture comem oF fresh seeds was 31 0.6) %% and the subsequent moisture loss of
seeds storcd under differenmt conditions such as in a humid chomber, polythene sealer bags,
paper bags and i epen areas were eximined. The experimenial design was a randomizod
block design (3 replicates: o = 1200 These ex@‘mcnm were earried ouwl under laboniory
conditions were the avem@e moishae content Was 762139 % The highest moisture lass was
when seeds were s1ored i open aseas and the lowest was found (o be when sceds wiere stored
in humid chambor, Seeds stored for 40 days were examined for viability under humid
condition and om condiion. Visbility was 89% under humid conditions and It was 30%%



under room conditien. Seeds of €. finestratim were eategorized under “recalcitront sced™

1aking in to consideration of the initial muisture content, moisture losses and viability:.

Biaassays carried out using sceds of Brasvice junceae revealed presence of germination
inhibitoss in C, fonestratum sceds (cadosperm & the embryo). B. juncceae secds were the
perminated on blouting papers soaked in 5% water exiracts of endosperm and 5% water
extsacts of embryo. Germination percenage of B, junceac grown on endosperm and embryo
extracts were 17% and 25% respectively while 80% and 88%. germination percentage was
ebserved in conirol where the bloetting paper was soaked in water.

Seed germination experiments were carried out under plant housc conditions (maximum light
800 pmols? and Relaiive humidity $1£1%). The experimenial design was a completely
randomized design (3 replicaes; n = 20), Sced experiments in order o evaluate the seed
germination, sced soaked in gibberllic acid 1500 ppm, 2000 ppm, 2500 ppm and 3000 ppm
concentrations, the mechanical weatments included .cracking of the sced coat, soaking in tap
water and distilled woter for 12-24 hours, sced cxpc;'éum to sunlight followed by soaking in
1p water. Anather se1 of seeds (n = 60) collected l‘rpin foresi Noor were soaked in gibberllic
acid 2000 ppm. Of ihis experiments (', _[en@lmmnl:sccds collected from the forest floor &
subsaquently treated with Gibberdlic acid 2000 ppm gave the best germination percentage
(27%3). ’

L]
e

Comp.uiun of wood anatomy and morphelopy in C. fenestratiam and Anamirata eoz;cuius.
which is commenly used as 8 subsiituie for €. fewestratum was carried out by usiog the cross
sectiony abiained from 8 mnge of stem diameter classes (I em, 2 em, 3 em) of there wo
species, for siudy woods siems of bath species showed aromalous growth. But in 4 cacctdus
anomalous growth was present in secondary wood struciure and in € fenestrotum it was
absem, The bark thickness of € fonostrasum was lower thon A cucenlus  Vessels diometer of

A wiacilus (20.3 £1.5 pem) was higher than ¢ fenesoramns (19,03 2.5 g}
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CHAPTER 1

GENERAL INTRODUCTION



1. Inftroduction

The demand for nutural herbal remedies and heath food products arc stcadily
incrensing. Morc than 9000 planis species arc used for medicinal purposes in
various parts of the world. Sri Lanka is endowed with ideal natural habitat for a

widc varicty of medicinal plants.

Early eultures developed its own traditional sysiem of medicine, by trail and error,
based on a long process of interaction between man and. the habitat. The historical
use of plonts in the ireament of the ailmenis resulted in several organized system of
iraditional medicine. The therapeuiic properties of a large number of plants were
recognized and documented in “materia medica™ and ola leal manuscripts. These
from the basis of much of Sri Lanka’s wraditional systems of medicine. Although
not stricily based on modern science. they are founded on a corpus of documented

knowledge.

Today there are Lwo main systems of medicine practiced in Sri Lanka namely the
traditional system and the allopathic (western) system. A survey by the WHO
(World Health Organization) estimaies that 70% of the populations in Sri Lanka
still rely on the indigenous system of medicine based mainly on plant formulation
(Anon, 1978). The *‘Ayurveda’, *Deshiya Chikisa’, ‘Siddha’ and ‘Unani’ are four
sysiems widely practieed in the Island. .
Ayurveda, which means the “seience of life”, originaied in the Indian subcontinent.
bui is now prevalent in the Seuth Asia in modified forms. The main purposc of
Ayurveda is ihe restoration and maintenance of metabolic equilibrivm and health.
The weatment consits of aveiding fictors that is responsible for the discase and by
adminisiration of medicine. diet and acitivity regimens. As such it a holistic rather
than a symiomatic approgch. Deshiya Chikitsa is a SriLankan version of Ayurveda
but adheres to uch of the originol Ayurvedic praciice. Awnfeda and Deshiva
Chikitsa systems use mainly plant and herbal producis. The foarmer uses about 2,000
plant species and the latter about 300, Traditional prepamtions like ‘arishia’,
‘kasaya’, Iguli’ and ‘kudu® coniain more than 90% of material derived from plants.



A large number of plams of medicinal value have been published in a compilation
colled “Sinhalese materia medien’ (Auygala, 1917). Information on the chemistry
and the pharmacology of some Sri Lankan and Indian plants (Chandrasena, 1955)

and medicinal plants usc in Sri Lanka (Jayaweern, 1981-82) are also documented.

As stated in IUCN report on siatistics and national demands for medicinal plant, in
year 2000 amount of 1,646,685 kg of herbal material were traded in the Ayurvedic
retail sales centers in Sri Lanka (Tablel). 30% of this amount imported from other

countrics (mainly from India and China) and local agents supply 68% (table 2).

Tablel.l Herbal material wraded in the Ayurvedic reiail sales centers in the country

and the proportion of the form of herbal material traded

(Source; IUCN 2001). .
= Foaem Amount
Row fum 102,048 kg
D1y ferm 1,544,637 kg
‘Totad horbead maseriol wadad 1.646.685 kg
Vatue of Kot maicnizl wodsd Rs. 210.205.269.46

Table 1.2 National demand for herbal materinls and its sources

(Source; IUCN 2001).
T Nourer = Qeanuty (kg)  Valoc(Rs) %
gty 1.5920) 12591177 % 32
Lonadly supgdy 2386 85w 261,634,461 63 08
Tt Nationsd dososan 3504766 3S0T25 63V 61

S Lankan Mo compnrides around 3350 species of higher planis, including
vascular plants a¥ well as non vascular but half of these are used for medicinol
(IUCN, 2000).



‘I'he amhorities should also consiantly &ike in 10 account the possible negative social
consequences, ccological imbalances and second generation technological problem
that may arise by indiscriminaic over cxploitation of Sri Lanka's potcntial to

involve in the medicinal plants indusiry.

Due (o over exploitation, most of (he species of medicinal plants have become rare.
A rre, medicinnlly important the siem of the liana “weniwel” (Coscinium

Jenestratunt) are used widely in the traditional sysiem of medicing.

Coscinitm fenesiraium colebr (Menispermaceac) is known by several names: In
Sinhalese as Weniwalgata, Weniwel, Banwel, Banwelgata (Jayaweera, 1982;
Muttiah, 1964). In English False-calumba, Tree Turmeric (Muttiah, 1964;

Jayaweera, 1982).

Coscinium fenestranom is 2 liana (woody climber), which is widely used in the
Ayurvedie system of medicine mainly as an anti-telanus measure, & also other
therapeutic powers have been auribuied 1o this plant such as in the treaunent of
cerain back-aches. us o blood purifier and for malarial fever. 1t is also said to
possess antiseplic properties and is used for dressing wounds and ulcers. Though
this-plant is used in the ueamment of such a wide spectrum of ailmenis, its
specificity remains 10 be worked out and this affords an interesting study medicinal
rescarch. Because of its wide usage in Ayurveds, increasing attention has been
focussed receatly on the export of these planis 1o foreign pharmaceutical firms in
countries like Japan and Germany (Muttiah, 1964).

I is of interest 10 note thav this plant is widely used in central and south India where
it is well distributed while the relawed Berberis specics (“calumba™) which is to
possess even greater medicinal propesties is solely used in North India where this
can be readily procured.

.

No data are available on tw il requirement of this plani product per snnum in
Ceylon but an attest is being made by the Board of Ayurveda to colleet the required
siatistics. In the evemt of an inercased demand, panicularly in view of o ready



Foreign market, it is very esseniial 10 gather more informaiion on the distribution,

growth and regeneration of this specics (0 ensure a sustained yicld (Muttiah, 1964).

Table 1. 3 The dewil of the usage of Coscinium fenestratum in Ayurwedic
medicine in ycar 2000 (ITUCN 2001).

T Xailena) Yol eatee  Supply  Tewnd usad Unit price Uscs of dug manufacture as dry
donand of deatatt anly doy {Rs) ar raw lorms
Ceacrsom ManulisiEe weighed

Senstratum inSntanka  avemge Row Dry herbal
(L) herbat matcrint
matesinl
34397 Aig 1R5.1,351.015 Locnily 32578 (kg) 4147 2400 ) 30.175
R 2445694) 160%% (7 4%%) (92.6%%)

Coscinium fenesiratum is a woody dioccious climber casily identified by its yellow
colored bark that is shallowly longitudinally fissured. Their young shoots are
densely covered with a fine brownish yellow tomentum. It has broadly ovate or
roundish (10-20 em long) simple lcaves. Its flowers are very small and crcamish-
white in colour. Muoil and female Nowers are borne on separate plants (a dioccious
plant). The specics Nowers from January 1o March. Fruits set in June and ripen in
August 1o October (Sencrath, 1991: Dassanayake et al, 1995).

As a result of Hlegal over exploitation, destructive eollection, relatively slow
growih rate, sced predation. low seed germination and low percentage of scedling
survival, natural population of this species are decimated and/or are disappearing at
an alorming rte. To meet the increasing demand and over come the shont supply of
this speeies, its propagalion en a large scale is imperative. This would also
essentiolly reduce the pressure on its natural siands,

The ovenill objective of the study is 1o investigate how Coseinium fenestratum
vould be propagaied. Seed propagation methods are most relinble for Caseiniion
Jenestratum (Sencrath, 1991). However, sced propagatien is mest suceessiul
method for the vast cultivation than vegemtive propagation.



Henee this study swas carricd out with the objective of improving simple and less

expensive propagation method.

1.1 Objectives of the study

The primary objective of this study was to find out the best sced propagation
method 1o raise a large number of plants Cascinium fenestraiion and 1o reduce the

pressure on the naral siand of Cosciniwm fenestratum,

Specifie objectives of the study

1) To idemify the best seed treaiment methods (GA; Socking, Exposure 10
sunlight. dipped in distitled water. mechanical crucking of the sced coat).
A

2) To idemity the negative factors affecting germination rate of Coscinitm

Jonestratm seed.
3) Investigation of seed dormancy and thie methods 1o treated.
4) To find out o simple method to distinguish of Coascinium fenestratum from

_Anomirata cozenlus which is a common substitute for C. fenestratum



CHAPTER 2

LITERATURE REVIEW



2. Literature Review
2.1 Family Menispermacenc

Cuascinimm fenestratum belongs 1o the family Menispermaccae which comprises
twining dicot shrubs or rarely herbs, The family is characterized by alternaic.
simple and entire leaves absence of stipules; very small unisexual. diocious lowers
with 6 sepals in 2 rows distinet (rarcly connaic) petals; 6 stamens in 2rows (rarcly
numcerous), oppositc o the peuals; distinct or ‘monadephous stamens which are
usually representcd by staminodes in the female flowers; 3-6 (rarcly 12 or 1)
carpels; each with a solitary ovule; the ripe carpels arc in dchiscent, with a lateral or
sub-basal or sub 1crminal siyle-scar; a thin or hard endocarp of ten deeply excavated
on its venural surfoce and projected in word; usually more or less remiform or
hooked seeds curved round the projection of the endocarps an embryo with Nat or
narrow cotyledons curved on the axis of even or ruminate endosperm (Dassanayake
et al, 1995).

.

2.2 Botanienl description of Coscinitm fenestratum

Cosciniun  fenestratum is 2 Branchlcis brownish tomentose at  first, later
glabrescent. becoming whitish leaves petioles tomentose at first, 3-16 em long,
oflen much swollen at both ends, geniculate at base, inserted up (0 0.8-2.7 em from
basol margin of laming: lamina usually broadly ovaie, or ovate, saometimes oblong
with basal tateral lobes, base broudly rounded, truncale or shallow:ly cordate, rarely
brondly obiuse apex acuminate. upper surface glabrescent, midrib and other moin
nerves sunken, lower surface ofien whitish to memellous with fine reticulation

visible, 5-7 basal nerves and usually 2 pairs of lateral nerves, thinly coriaccous.

Inflorescences ardsing singly or a fow together, 1omentose or tomentellous; flowers
in several-Noweregd globose heads 6-7 mm dinmeter. On peduncles 10-30 mm long
arranged in o raceme 3-11 em long, Male flowers sessile er with pedicels up to
Imm long: sepals densely sericcous-pilose exiernally, plabrous within, breadly
elliptic 1o obviate, inner 3-6 spreading, yellow, 1.5-2 mm long, the ouenmost



smaller, 1-1.5 mm long, insericd lower; stamens | imm long. Female flowers;
stminodes claviform, | mm long: carpels 2 mm long. Drupes brown to orange or
yellowish, 2.8-3 em diumeter; pericarp drying woody, c.l mm thick, cndocarp
bony, 2.2-2.5 em diam. Sced whitish (Dassanayake ef al., 1995).

Fruits
Flowers
'. - o .
< e
i‘%" e == Stem
S ,-cﬁ T
2
O \ Leaves
A} =Y
. - . jm .

Phnte 2.0 Marphology of Coscinium fenestratum (\Weniwel) liana

SimHarly morphological futures werc observed in Anamirata cocculus

<

Baiunicul description of Anamiraia cocenlus

Young siems ond petioles usually drying pale greyish strow-coloured. Leaves:
petioles 6-18 em, swollen at both ends, geniculate at base; lamina ovate to broadly
ovate, base cordaie to truncate, apex usually acuminate, 16-28 x 10-24 em. 3-5
basul nerves with 4-5 pairs of lateral nerves which are linked together with
seatariform veins; Jower surface drving pale, upper surface slighily darker, both
surfuaces plabrous apunt from pockets of hairs in the axils of nerves and main veins,
thinly corioceous. Male ﬂc;wets;: sepals white, yellow to pale green, outer 2 sepals
scarcely lmm lon;,q. inner sepals broadly ellipiic, 2.5-3 x 2 mm: synandrium 1.5-2
mm long (Dassanayake ef af, 19935).



2.2.1 Disiribution of Coscinitm fenestratum,

Caseinium fenestratinm is found in Malacea, Singapore, Sumatra, South India and
Sri Lanka (Jayaweera, 1982). In Sri Lanka it is commonin the moist low country
and intermedinte forests. 1t is found in the areas of Deniyaya, Matara, Kaburupitiya
and Akurassa in the southern province, Waga, Agalawatte, Mattugama and Ingiriya
in the westiern province, Kitulgala, Rakwana, Rathnapura, Balangoda, Kegalle and
Botele in the Sabaragamuwa province and Kurunegala, Puttalum and Kuliyapitiya

in the North-Wesicern province (Jayaweera, 1982; Muttiah, 1964).
2.2.2 Medicinal usces of Coscininm fenestratum

Cosecinium fenestratum has a remarkable demand in Ayurvedic medicine.
According lo the Ayurvedic Research Institute of Maharaga the direct stems of
Caseiniu!n Sfenestratam is used for preparation of various medicinal prescriptions. In
all the them it is the major component. They are (i) Weniwelgata pantaya; (ii)
Weniwelgera  surssawaya, (i) weniwelgeta kvathaya, (iv) Weniwelgeta
punamawasaya, (v) Weniwelgata chandanasawaya and (vi) Weniwelgeta coriander-
pathpadegem decoction.
o

There are also a number of other medicines in which Coscinitm fenestratiom is used
in smaoll pertions. According to the above Rescarch Institute and the Municipal
Ayurvedic Depanment of Kandy, these Cascinium fenestratum mixed prescripiions
arc used remedies for discases of the skin, uierus, urinary sysiem, eyes, gums,
certain kidney discases diabetes and accidenton wounds (Sencrath, 1991).

The active components of the siem of this plant are belived 10 act on the blood
circulation system and on the skin; it is also used in the ueatment of fever including
Malarial fever, common calds and tetanus, as a painkiller for bedy aches and pain,
and as a blood purifier (Multizh, 1969). Consequently the dried siems are sold in
almesi all the pharmncies of indigenous medicine dolted throughout the country,
pariiculardy for the preparation of the Weniwelgeta, coriandee-pathpadagam
decoction and Weniwelgeta tonie, It is of interest 10 note that this plant is widely



ysed in Cemrol and South India where it is well distributed while the related
Berberis species “Calumba™ which is said to possess even greater medicinal
propertics is solely uscd in North Indin where this can be readily procured (Muttiah,
1964).

Table 2.1 Aciive compound and iis uses of C. fenestraium (Senerath, 1991)

——— e

_ Speeles Usey . Active Compound
Cexscinbieen 1) Weood decotion & 1) Alkoloids
Jeveswranin used 10 prevent . (&g berberine Jarorhizine
teianus, patmating).| In addition o those Muttioh
1t) Reot hits antiseplic (1964) reported cery alcohol,
propurtes Wil s used hentrincontone sitesterol, palinitic ond
for dressing wounds olcic sitasterol ,glucoside snparines]
and uleers,

2.2.3 Non Medicinal or Qther uses of Coscinium fenestratum

In nddition 10 iis medicinal propertics given above, the local people use C.
Senestratum in many other ways. The tough fibers in its stem, makes it a suilable
subsiituic for rope. While its slender flexible siems arc used to tether cautle, iis
t.lniel?zr. larger pans are used for hauling longs by clephants and in the construction
of’ suspension bridges. The stems an boiling with water yield a deep yellow dye
used. in the past for dying robes of Buddist monks. in the past the wood has been
exporied 10 England as a substitwic for calumba root and cnlled “false columba™ or
“Ceylon ealumba-root” (Muttiah, 1964). When tapping kiwl, (Caryota urens)
people use the thin vine of weniwel to bind the kil inflorescence. A piece of
weniwel bark is used 1o prevemt quick fermemation of sweet toddy of kil
(Senarath, 1991).

2.3 Sexunl propagation .-
With crops that produce seed freely and come true closely cnough for the purposes

in view, growing from seed usually is the eheapest and most satisfactory method of
plant propagation. Many types of seeds may be sown in epen ground and, barring



extreme weiness or extreme aridity. germinate well enough for practical purposes.
Other kinds, however, are so exacling in their requirements that these are best met
in a propagating housc where humidity and temperature can be more rigidly
controllcd, Because of their high oxygen requirement, the medium in which the
sceds are sown penerally should contain more sand (or other filler or mulch
material) than ordinary garden soil docs. Greater porosity makces these media more
subject to rapid drying, however, and moisiure must be carefully moniiored.
Because muny soils harbour lungi destructive 1o sprouting seed and young
seedlings, heat or chemicals swerilize soil that is used for germinating seed
commonly. Many discascs of plants are caused by fungi and bacieria carricd in or
on the sced itsell, and weatmeni of the seed with disinfectants is beneficial (Hudson
et al, 1997).

Propagation of plants by seeds is Coseinitm fenestratum, because other ways of
plant propagation were not successful. Propagation by stem cuttings and layering
methods were unsuccessful (Senerath, 1991). Muttiah (1964) also reported that

these methods were not successful for this plant.

2.3.1 Sexunl propagation system
.
Seed propagiiion is carried out using three basic systems
(n) Ficld seeding = in the location where the plant is to remain, )

(h) Planting in field nurserics and trans planting 1o a permanent location, and
(¢) Planting in preiccied conditions,

As in a green house, cold frame. or similar structure, and then iransplanting 10 the
permonent tocation. For commercial production of horticultural crops. the most
common sved produciion pructices are to produce vegewbles from direat ficld
sceding or tmnsplonis annual olong juvenile phase and may come ime first
flowering und fruiting bedding plats and herbaceous perennials from transplomts;
and woody seedlings from flicld transplant beds to produce bare root liners (Hudson
et al, 1997).
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2.3.2 lmporiance of sexusl propagation

However, sexual réproduction provides the opportunity (o generate new genetic:

combinations for the adaptation of populations (0 new cnvironmental conditions or

biotic challenges. It allows for favorable mutations to spread into diffcrent genetic

backgrounds. Thus, in the lang run, it has gencrally been a more successful strategy

(Raven ¢ al,, 1992),

Sexual propugation of plants involves ithe exchange of genetic maierial between

parcnis 1o produce a new generaiion. Sexual propagaiion offers the following

advantages (Rantton, 1995).

e It is usually the only method of producing new varieties or cultivars.

« It is often the cheapest and easiest method of producing large numbers of
plams.

e It cnn be a way to avoid certain discases.

e |t may be the only way 10 propagale SOIme species.

2.4 Sced chinrncicristies

The.mnjority of wopical tree specics have very complex life cycles. Many of these
speeies produce recaleitrant sceds. These specics have only afier 15-20 years of
growth or more. In addition, fruiting and seed sets in many tropical species is not an
annunl eccurrence. When it docs oceur, the seed production period continues for a
short period. This is icemed as o mass flewering season that normally occur once in
3-7 years, It is also not pessible 10 prediat their flowering times owing 1o their
erratic flowering pauermns. Consequently. it causes problems to secure large
quantities of fruits on a regular basis. Generally, the sceds that are produced do not
undergo donmancy. bu instead they are meiabolically primed for immediote
genmination as soon as the seeds mature on mother planis. Desiceation olemnee in
recaleitmnt seeds increases Juring sced development on the mother plaat; however
unlike orthodox sceds maturstion drying 10 low meisture contents does not oceur
(Hong and Ellis, 19940,

‘Tropical forest seeds can be braadly divided in 10 three major groups based on their
sensitivity to desiccation and 10 low temperatures as follows.
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2.1 Reealeitrant sceds

Aficr developing secds reach physiological maturity, they either proceed to
desiceate (orihodox sceds) germinaie un the plant (vivipary), or bypass complete
desiceation (recalcitrant sceds). By definition a recalcitrant seed loses viability aler
drying. while orithodex secds toleraic drying. Germination in recalcitrant secds
must proceed soon afier maturity or the seeds must be stored under conditions that
prevent drying. This compures 10 decades or ycars for many orthodox seeds.
Reealeitrant secds presemt challenges for propagators and limit germ plasm
conscrvation because of their inability to siore. The biological basis for this
inability in recalcitrom seeds 10 tolerate drying is not well understood. It would be
suspected that recalcitrant seeds would also show rcduced ABA levels or be
impaired for the production of lea protcins or same carbohydrates. However most
recaleiirimt species swudicd produce these substances at almost normal levels. The
true nature of recalcitrance 10 drying remains to be found for this interesting group
of seeds (Hudson ef al., 1997).

According to Ariyarathna, (2000) Coscinium fenestratum may be under recalcitrant
sceds, which mean they germinaie very short period afier detachment of mother

plantand also the embrye is very sensitive desiccation.
2.4.2 lntermediate sceds

This is yel snother category that has been recently defined. The secds in this
category have stomge chameters intlermediate between orthodox and recalcitrant,
Inteanediate seeds can be drivd 10 seed moisture levels almost similar to that of
orthadox seeds without their viobility being affected. However the dry sceds are
casily injured when exposed to tow iempermtures and viability drops rapidly while
in storage (BHis o o/, 1990).



2.4.3 Orthodox sceds

Most erthodox sced can be stored safely for ai least 1-2 years at moisture content
of 8-10% or below. Potential storage period is prolonged by cold storage
conditions. For long-term storage at subzero temperatures moisture content 2-4% is
desirable. Drying may be carried out by natural sun drying or artificial heating with
a dry air curremt, which is usually supplied by clectrical appliances. The relation
benwveen moisture content and heat should be recalled; moist seed is less olerant 1o
heut than dry seed. Onee the seeds have been dried 10 appropriate storage moisture
content, they should be siored in air tight containers as soon as possible to avoid re-

gain of moisture from the air (Olesen, 2000).

2.5 Sced rdentificnfion features

in seed handling the 1erm “seed” usually refers to the unit extracted from the fruit and
hundled ns o unit during storage, pretreatment and sowing. During seed processing
same feaiures such as wings or arils may be deliberatcly or undeliberaiely lost or
removed (Olesen, 2000).

Some key feawures in the identification of seeds arc enumerated below.

Seed weight: Sced weight is indicated as the number of sceds per unit weight. Sced
wuight oflen varies considerably within species both because of genctic and
environmentad  differences. Seed weight  obviously influence for some sced
processing evenis such as dewinging and drying,

Seed size: Seed length, width and thickness including expecied variotion are
usuolly indicated, Size of sceds varics considerably cspecially if the sceds have
appendices such as wings.

Colour: Most seed ore yeflowish or brownish when maiure; other colours are such
as red, black or white arc less froquent and usually diagnostic. In additien colours
of appendices arc important to identify seeds,
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Shape: Very few seeds are symetrical globular and secd shape is often one of the
main disgnostic chamicters of sceds. A vast number of botanical terms apply to sced
torm globose, sub-globose, oblong and orbicular.

Surface: Surface siruciure or appearances are other important features for seed
identification. For very small secds like Eucalyplitus it is ofien the maién diagnostic
features (Boland et al. 1980), Again a number of Botanical terms apply. like
smooth, glabrous, wrinkled, ribbed punctuate, reticulaie, pulpy, tomentose and

hairy.

Other morphologicnl features: Position and size of the raphe, caruncle and

microphyle are ofien important characiers.

Interanl structure of seed/ fruit cont and embryo: Thickness and hardness which
are ofien disiinet chareters, lmemal appearance of embryo and endosperm or
perisperm and sced coat thickness is important in some species but often specific on

genus level only.

2.5.1 Seed vinbility

>

Seed longevity and vigor are (we other features associnled with seed viability.
Briyam (1985) described the relationship between these tree terms. If 100 seeds are
set W genninoe and 99 of them do 50, then the seed batch is obviously a high
viability batch; if 50 Germinaie the baich may be termed a medium yiability batch
is non-viable. Sced vigor is relaied 1o the speed of germination. Sced of high vigor
germinaie rapidly; seeds of low viger germinate mere slowly (Briyant, 1985).

As Senerath (1991) suated whe loss of viability swudied visually by examining the
condition of the Cascinium fonestratium ¢embryo after cracking open the endocarp in
2 sample of seeds. The ..n;br;.as of cracked sceds were compared o that in viable
sweds where the e;ntxya was yellowish cream and firm. I the contents of the sced
appeared semisolid andfor darker in colour, such sceds were considered as non-
viable. IF it was comparable with the viable embryo it was considered as viable and
treated wiih TTC solution 10 confinn its viability. He has used above method iesied
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boss of viability in terms ol days of sceds detaching from mother plant. He
concluded ihat the sceds with 88% initial viability and complceicly viability loss

afier 603 days (above sceds his store under room temperaturc).
2.5.2 Sced Moisture Content

The amount of waler present in a seed. It is normally expressed on a weight basis,
cither as the weight of the water in % of the seeds oven-dry weight (dry-weight
basis) or. preferably in the case of seeds and fruits, as a % of the material’s fresh

weight including waiter (wet-weight or fresh-weight basis) (Lars, and Dorthe, 2001).
2.5.3 Sced Morphology and Anatomy

‘Ihe ower appcarance of sceds comains struciure derived from the fruit, raphe and
hilum, ‘This structure use for sced dispersal. The inner structure of the anatomy
consists o pants derived from the fertilized oval. The embryo nutritional tissue of

varying origin and the seed coat (Olesen, 2000).

raphe
hitlum
micropyle

funtele

Plate 2.2 Morphology and anatemy of a typical seed
Hitam: Sear on the sced coat [eft by the funiculus.
Micropyle: A pore somctimes visible on e seed coat derived from the channel
beiween the tip of the intcguments. The redical of the embryo always faces the
microphyle.
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Raphie: A rsidge formed on the seed coat if the funiculus is fused with the
integument in pant ol its leagth in anatropous or compyloiropous ovules.

Caruncle: Integumeniary protuberances near the microphyle.

Perisperm: A layer of nutritional tissue of diploid material origin arisen froni the
nucellus and often is surrounding the endosperm. It is usually compleicly absorbed
before maturation.

Albumen: A collective term of the nutritional tissue between the embryo and the

seed com. inclusive of perisperm and endosperm.

As Seacrath (1991) stated ihat there were [ruits of Coscinium fenestratum, which
were drupes with an outmost firm relatively, thin exocarp on the outside has very
short brownish yellow hairs. The mesocarp is soft. whitc and fleshy. The sced coat
is hard, grayish black and siony. The fruit on the side it is attached to the
infrucicseence is relatively flat and more or less spherical on its distal side. This

shupe is quite clearly scen on the seed coai when the fruit is depulped.

The Coseinium fenestratum endosperm was located deep within the invaginations
of the endosperm. Endospermic tissues were dry and relatively hard. Therefore it

may acl s o mechanical barricr 10 the developing embryo (Ariyarathna, 2000).

2.5.4 Embryo morphology

In some seeds the embryo is small or rudimentary in the mature seeds. In others the
embryo makes up the majority of the sced lumen. The embryo.is aon immature
plantlet in the seed siage it is ofien differcntinted in 1o struciures that will develop in
to the seedling (Olesen, 2000).
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———= cotyledons

epicotyl
hypocoryl

radicle

Plaie 2.3 Morphology of cmbryo of Angiosperm

Cotyledons: In monocotyledons one. in dicotyledons two and in conifers often
many. During germination the cotyledons may remain underground.

Plumule: The embryonic shoot derived from the epicotyl. In dicotyledons situated
between the cotyledons.

Epicotyl: The apieal end of the embryo axis above the junction with the cotyledons.
Hypocotyl: The axial part of the embryo beiween the cotyledons and the radicle.
Radicle: The embryonie rool. In seed the radicle is always facing the micropyle.
Suspensor: In gymnosperm sced. a thin ihreadlike appendix at the radicle end of
the embryo.

2.6 Seed colleciion nad handling

For conservation purposes, recalcitram seeds should be collected from healthy trees
with good shape ond form. Several techniques of sced collection namely ground
collection-shaking sced bearing branches; free elimbing or climbing the trecs using
cquipment can be done.

Criwerio for collection of good seed should include mature sceds uniformity in
colour and size, and healthy. Mest recaleiirant sceds respire intensively because of
their high moisture content and henee require good ventilation. IF farge quantities
are closely packed, suffocation, physiological breakdown. fungal growth and
overheating will oceur, resulting in rapid death of the seeds. On the other hand the
sceds will atse deteriorate rapidly if moisture conieni is reduced oo much or 100
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ripidly. This likely 10 happen during transporting in open vehicles due to air

IMUVENICINGS.

Hessian or jute bags that have been looscly woven are also suitable for transport.
Temperature below 16"C or above 32°C should be avoided for such seeds. Secds
should be kept shaded from direct sun at all times during transport to the

conservation centers. Humidity content is 80-95% and light (Erica, 1999).

2.60.1 Sced digpersal

The purpose of dispersal is to eolonize new ground. As stated in the previous
section the  morphology of fruits and seeds often rcflects the mode of dispersal.
Some methods of dispersal are prevalent in some environments than in others and
dispuersul is closely related 1o the life ¢ycle of the particular specics in its parli(c—ular
environment. Some speeies have specific method of dispersal. The unit of dispersal
is often called diaspore. Major types of seed dispersal are wind, waier, animal and

mechanical ete (Fahn and Werker 1972, pijl, 1982).

As Sencrath (1991) stated tha there was no formal mcthod to study seed dispersal
of Coscinium fenestranum buy as surroundings of the mother plants were observed
for fruit or seeds. The ripe fruits of C. fenestratum arc known to be disperscd by
fruit bais and pole cats and are foraged by them while they are still attached to the
mother plami. On the other hand, it is also reported that ground dwelling small
mummals such as rodents and also porcupine feed on the sced onee the ripe fruits

°

fall beaeath the mother plant.

2.6.2 Determinution of opiimal harvesi time and maturity stage of fruit

The opumal time 1o harvest is when a large amoum ol viable. germinable seed ean
be collecied, This is when mast fruits and seeds are mature but only few have been
lost io predation, dispersal and deterioration. Species can be category mainly three
groups due to their sced production rate and time (Olesen, 2000).
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1. Trees with more or less continuous reproduciion throughout the year but ofien
witly one or two peaks.

2. Trees with definite, some times shori, sced maturation scason and carly
dispersul, predation and/or short physiological viability.

3. Trees with a definite mowration scason but with prolonged persistence on the
tree before dispersal,

Siruciural changers, period and appearance are the important facior 10 seed

collectors. Normually carliest possible colleciion is when secds are germinate latest

method is before abscission.

As Scneraith (1991) stated that there was the linear measurcments were made
throughout development of Coscinium fenestratum fruits from origin to shedding
and those at the mature stage were used for comparison. Only ripe fruits that shed

were used 10 measure fruit weighi.
2.7 Seed stornge

in the past many types of siorage methods have been proposed for recalcitrant
seeded species but without excepiion their use has been limited. Thus to conserve
recaléitrant seeds availability of sceds should be given priority as this will
determine the period of storage as viability is reduced during storage.

2.7.1 Shori-term and mid-term storage methods

This method con be applied for recalcitmnt and intcrmediote seed. These can be
applicd to seeds for which viability is mainiained for less than 12 months. The
sty is 10 desicene recalcitrant seeds 10 just above o eritical moisture content
et them with an effective fungicides ond then store them in semi-sealed
packaging which allows adegume gascous exchange butl restricis moisture loss,
Several comman comveniional stomge methods include: imbibed storage using
sawdust, pround chaseoal, pearlite and vermiculote; storage in ainight conwiners or
partiol vacuum, regutar venilation and incorperating germination inhibitors in 1o
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the stormge system. The lowest safe moisture content of many of the recalcitrani
species falls within te rnge oi’ 20-60% (Hor, 1996; Tommpseu, 1992).

However fungicide ircatment followed by partial desiccation and storage under
ambient ur low temperature has yiclded some fruitful results for some crop secds.
Hor (1996) found ihat aficr wreating Hevea sceds in 0.3 percent Benlate air drying
and storing them loosely pucked if perforaicd polythene bags at 21-24°C
wmperntures. was able 10 prolong seed viability from three months 10 onc ycar with
about 50% germinability (Normah. 1987). Although this approach has potential for
recaleitrant seed storage (Erica, 1999),

2.7.2 Long-term starage methods

This method can be applied 10 orthodox secds. Many orthodox seeds can be stored
for long time at ambient tempessture provided their moisture content is low. At high
maisture content and temperature o major causc of deterioration is mould. Although
some fungi may survive low iemperature and moisture content their activity rapidly

deelines below 10% moisture content and temperature is 10 °C.

Orthgdox seeds should be dried down (o at least 5-10% moisturc content. At that
moisture conient there is practically no metabolism and litile or no fungl aciivity.
Low muisture comtent should be mainnined through out storage; i.e., the secds
should be prevented from re-absorbing moisiure. During seed storage secd moisture
comes in 10 equilibrium with humidity of the surrounding air (Thapliyal ef ol
1991).

2.8 Sced dormancy

All the viable seeds have the capacity (o gesminate if ploced under suitoble
conditions necessary for gemination, While in cenain plams such seeds will
immedintely gennifmlc after harvest in others they fail ie geaminate for sometime
even if placed under such conditions that are ordinarily favarable for germinution
eiiher due 10 some inmtemal tors or due 10 specific requirement for some



envirommental faeiors. During this periud the growith of the secd remain suspended
and they are said 10 be in rest stage or dormant stage and this phenomenon is called
as dormancy of seed (Jain. 1999).

Since germination of” Coscininm fenestratim was extrcamly poor undér natural
conditions. The causal faclars 10 unsuccessful germination and possible methods of
its improvement were investigated (Scncrath, 1991).

There are two Kinds of seeds dormancy such as primary and secondary dormancy.
2.8.1 Primary sced dormancy

Primary secd dormancy is o condition where secds will not germinate even when
the cnvironmental conditions such as water, temperature and aeration are
permissive for germination. In nawure different kinds of primary dormancy such as
seed comt dormancy, embrvo dormancy, chemical dormancy, physiological

dormuncy, morphological dormancy cte (Hudson, er af 1997).

Seed embryo dormancy

Dormancy accurs in some seeds in which the embryo is not fully developed at the
time of sced dissemination. Enlargement of the embryo oceurs after the sceds have
imbibed wuter and before gc;minmion begins. The process of embryo cnlargement
is usually favered by a period of warm iemperatures (Hudson et al.. 1997).

Seed cout dormancy

Maedification of seed coverings primarily affects the outer integument layer of the
seed. which may become haed, fibrous, or mucilaginous during dehydration and
ripening. In addition layers of the fleshy fruit may dry and become pan of the seed
covering 3s in cotoneaster or hawthom, In some drupe fruits as the Prioues specices.
these favers become the hardened endocarp (Hudsen er al., 1997).

As Senerath (199)) stated that there was siudied C. fenestratum seeds inhibition 10
germination due 1o the hund siony sced eoat, pessibly presenting o mechanical
barrier (o emengence of the developing embryo or presenting an impervious barrier
10 the imbibition water.



Physiotogical dorntaney

Type of embryo dormancy in which germination is preveniced by a physiological
inhibiting mcchanism, c.g. chemical dormancy or thermo-dormancy (Lars and
Dorthe, 2001).

Chiemienl dormancy

Chemicals that accumulaie in fruit and secd covering tissues during development
and remain with the sced alter harvest can be shown to act as germination
inhibitors. Proving third function as germination conirols does nol necessarily
follow, however. Nevertheless, germination can sometimes be improved by
prolonged leaching with water, removing the seed covering or both (Hudson er al,,
1997).

2.8.2 Sccondary dormancy

Sceondary dormancy is a (urther adapiation to prevent germination of an imbibed
seed if other environmental conditions are not favorable. These conditions can
inelude unfavorably high tcmpemiures, iemperatures too low, prolonged darkness,
prolonged white light, prolonged far-red light, water stress and anoxia (Bewley, and
Black,"1994).

In nature have wo iypes of sccondary dormancy such as Thermo dormancy and
Conditional dormancy. .
Thermo dormancy

For some speeies (like Tectona ) germination at high temperatures (>25°C, 77°F)
ean include thermo dormancy. This should not be confused with the thermal
inhibition most sveds experience when the temperature exceeds the maximum
wmpersture for germination.

Sceds experiencing thermo ,:@ﬁnnncy will not germinate when the emperoture
retums 1o near oplimum empertures. while thermal inhibited seeds will genminate
when emperature is lowered (Sharples, 1973).



2.8.3 Secd germination inhihitors

Some times the dommancy ol seeds results due to the presence of certain
germination inhibiters cither in some pans of the sceds such as the juice or pulp of

fruiv and glumes (Jain, 1997).

Senerath (1991) also reported Coveinimm fenesiratniun seed burial has a significant
inhibitory cifeet on germination. Further more, he found out that the pulp of the
Sruit prevents geemination,

However presence of gemination inhibitors pericarp, cndocarp and embryo in

Cosecinium fenesiratum secds like amino acid (Ariyarathna, 2000).

2.9 Pretrenfments of brenking sced dormuncy

Pretrcatment is a pre-sowing-treatment” carricd out in order to enhance rapid and
uniform germination of seed sown in the nursery, ficld or for testing. In some cases
preiceatment is o mere aceeleraiion of the nawural processes of dormancy release in

others it is a simulation of these processes (Olesen, 2000).

2.9.Trentments for brenking mechnnical dormancy

Acid prareaiment is frequenily used where mechanical dormancy is combined with
an impermeable sced-coat (double dormancy). For example it has been used
successivlly to improve germination of Prerecarpus angalensis and Terminulia
belliriea. In the lover case both towl germination and germination speed were
greatly improvedby an oplimal 12 minutes soaking in concentrated sulphuric acid
as compared io the control (Bhardwayj and Chakmaborty, 1994).

Seneroth (1991) also studied scurificution of Caseinium fenesiratum seed coa by
using concearaed Nll;(il’i; con. HCH, and 11:S04 samples of fruits or seeds were
subjecied 1o ihese olkali and acids for varying different time periods. He has also
pretreated seeds with con. HCI for 15 minute and shown higher germination
percentage (18%4) than without these weatment.



2.9.2 Pretreatment for hreaking physieal dormancy

A wide range of methods has been developed to overcome physical dormancy. All
mecthods are derivation of the sume principle 1o pierce the seed coat to an extent ihat

will render it permeable to water so that imbibition can take place.

Unless physical dormancy is combined with mechanical dormancy penetration at
onc point is suflicient 1o ensure permeability. Because ihe outer layer of the coat
exerts the impermeability in fegumes and the palisade cells absorb water a relatively
superlicial trcatment may over come dormancy in these secds (Masanga and
Maghembe, 1993).

2.9.2.1 Hot water trentment

For small to medium- sized sceds or large quantities of seeds the hot water
treptment is more practical than scarification.

For this treatment seeds should be dropped in to about six times their volume of
85 YC pre-heated waier. They should be left io cool and soak in the water for 12 10
24 hours afier which they are ready for sowing. An other and more drasiic hot water
wreatment is some times used for corn-especially thick or hard-coated seeds. For this
treatment the seeds should be placed in vigorously beiling water for a specific
length of time depending on the specics then immediately removed from the boiling

water and cooled in cold water (Kobmwoo and Hellum, 1984).

However Senerath (1991) reporied Cascinium fenesiratum seeds preircated with hot
water (90-92 YC) for 5-120 minute and shown a germination percentage is 3%%.

2.9.2.2 Dry heat treatment

Oven or dry heat is not oflen recommemded and the emperatures required are more
suitable 1o an incubator than a kitchen even. For this seed coat ireatment the sceds
should be placed in shallow conuiiners in a preheated incubator or oven.

The speeific tempemiure and duration depend on the specics. Afier the reaiment
the “sceds should be eooled immediaely and sown. Where the iemperalure
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sugpested is beiween. 180-212°F it is possible that the hot water treatment of the
sume tempesiture wnd for the same length of time would give comparable resulis
(Olesen, 2000).

2.9.2.3 Fire treatment

Seceds of same genera have tough thick seed coats and germinate best when
subjected 10 the heat of fire. For this treatment the sceds should be sown in the fall
in a slightly moist medium but not watered, A layer of dry pine ncedles or
excelsior, four to six inches deep. should be placed over the top of the seed bed. A
few small pieces of wadded puper will help to ignitc the material. One or two strips
of aluminum foil placed over the exposed edges of the wood container will prevent
it from burning. After the secd bed has cooled following burning it should be
thoroughly waicred and then reaied as any other baich of sown seeds (Olesen,
2000).

2.9.2.4 Biologicnl methods to overcome sced dormancy

Biologieal methods such as ingestion by large animals or the effect of insecis or
microbes are rarely used as o managed preircaiment method, but incidents of such
action frequently result in improved permeability. Seeds of Acacia species extracied
from goat faces are oflen less dormant than non-ingested dry seed (Ahmed and
Houri. 1986).

2.9.3 Trentments for breaking chemicnl dormancy due to inhibitors
Chemical inhibitor may be located in several places in the fruit or seed. The most
frequent inhibitors are those vccurring in fleshy fruit pulp. Even where seeds are

sown immediately after harvest, such sveds usually need exiraction and washing o
remove inhibiters (Schaefer. 1989).
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2.9.4 ‘Frentment for photo dornsiney

Photo-dormancy has bueen most frequently documented from herbal specics and tree
pioncers. The condition of light requirement in pioneers is simplest son?ol" photo-
dormancy. In somc specics secds require specific duration of light-dark cycles for
germination to proecced. Under tropical conditions a cycle of 12hour 'Iigh(— 12hour
dark is prevaleni. Photo dormancy sceeds normally require only a brief illumination
afler imbibition io break dormuncy. In praciice photo-dormancy is not over come
by pretreatment but by germinating sceds under appropriate light conditions that

will break the dormancy (Boland ¢/ al. 1980).
2.9.5 Hormonnl trentments to breaking physiologienl seed dormuncy

The same type of hormones is for example ofien involved in both dormancy release
and germination processes. “Towl germination percentage, germination speed and
seadling vigour may be promoted by applicaiion of germination stimulanis. The two
main groups of stimulants are growth regulators c.g. Gebberllic acid (GA;3), Benzyl
adenine (BA) and nitrogenous compound e.g. potassium nitrate (KNO;) and
thiourin (Harimann et a@l.. 1997).

s

2.10 Physiology of sced germination

ANl the vioble seeds which have overcome dormancy either naturally or antificially
will readily germinaie under suituble environmental conditions necessary for seed
germination (c.g. water, Oy, temperature and light. Such seeds, which just wait for
suitable environmenial conditions to germinate, are said (o be ‘quiescent’. In most
cases these seeds germinave if placed on moist substrate.

The process of seed germination stans with the imbibition of water by seed couls
and energence of growing root tip of embryo. It ends when the embryo has
developad into Slﬁcﬂdﬁﬂf“!,: which is out of bounds of seed coats and has 1ts own
photosynthetic sxjsicm, Betore deseribing the physiological and  biochemical
changes occompanying the seed germination. it is bater 10 cvaluate the
physiological siate of seed immedinely before germination (Jain,1997).



2.10.1 NMuin seed germinion fctors

There are four covironmenial fuctors, which offect germination: water, oxygen,

light, and wemperaiure,

Water

The first sicp in the germination process is the imbibition or absorption of water.
Bven though seeds have great absorbing power due (o the nature of the sced coat,
the amount of available wiater in the germination medium affecis the uptake of
water. An adequate, continuous supply of walcr is important to ensure germination.
Oncee the germination precess has begun, a dry period will causc the death of the
embrye (Hudson er al., 1997).

Light

Light is known 1o siimulate or 10 inhibit germinaiion of some seed. The light
reaction involved here is o complex process. Some crops, which have a requirement
for light 10 assist seed germination, are ageratum, begonia, browallia, impatiens,
lettuce, and peiunia. Conversely, calendula, centaurca, annual phlox, verbena, and
vinea will germinate best in the dark. Other plants are not specific at all. Sced
ealogs and seed packets oflen list germination or culiural tips for individual
varieties., When sowing light-requiring seed, do as nature does and leave them on
the suil surfhiee, If ihey are covered ot all, cover them lightly with fine peat moss or
line vermiculite. These two maerials, if not applicd 100 heavily, will bermil. some
light 10 reach the sced without limiting germination and will help keep soil
unilormly meist. When sigriing sced in the home, supplemental light can be
provided by Nuereseent fixtures suspended 6 to 12 inches above the seeds for 16
hours u day (Arord and Gupta. 1996).

Oaygen - _

Respiration wkes place in all viable seed. The respiration in dormant seed s low,
bul some oxygen is required. The respimiion rate increases during germination,
Therefore, the medium in which the seeds are placed should be loose and well
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acrated, 1 the oxygen supply during geemination is limited or reduced. germination

can be severely setarded or inhibited (1 udson ef ed., 1997).

Temperature

A faverable temperature is anoiher imporiant requirement of germination. It not
only affects the germination percentage but also the rate of germination. Some
seeds will genminate over o wide rnge of iemperatures, whereas others require a
narrow range. Many seed have minimum, maximum, and .optimum temperatures at
which they germinate. For example. tomato seed has a minimum germination
wemperature of 50°F and a maximum temperawure of 95°F, but an optimum
germination temperawure of about 80°F. Where germination temperaiures are listed.
they are usually the optimum iemperatures unless otherwise specified. Generally.
65 10 75°F is best for most plants. This often means the germination flais may have
10 be placed in special chambers or on radiators, heating cables, or heating mats to
maintain optimum temperature. The imponance of maintaining proper soil and air
wmperiure 1o achieve maximum  germination percentages cannot be  over-

C]

“emphasized. " .

o

Germination will begin when certain internal requirements have been met. A seed
must- have a moture ecmbryo, contain a lorge enough cndosperm 10 sustain the
embryo during germination, and contain sufficiecnt hormones or auxins 1o initiate

the process. Some seeds have o dormancy requirement also (Hudson er o/, 1997).
2.10.2 Physiologicnl ehnnges nccompanying sced germinution

\Water upinke: Seed germination as mcmieécﬂ earlicr starts with the imbibition of
waier by dry seed comt, which is pusely o gltys‘ical process. Various hydrophilie
proups of prowcins, polymeric carbohydmies etc.. found in the seed coms atiract
dipolar water molecules and form. hydeed shells around them resulting in the
swelling of these substunces, Due 10 imbibition of water the sced coals become (i)
more permeable 10 axyen and water and i) less resistant 1o outward growth of
the embrye (Jain, 1997).



Respiration: The uptake i3 accompunicd by rmpid increase in respiration rate of
emhryo. Initiolly there may be anacrobic respiration but acrobic onc duc to
availubility of oxygen soon replaces it. As compared to dry sceds the uptake of O
in germination seceds may rise in casc of cercals Trom 0.05u 1/g tissue/hr 1o 1004
17y tissuc/he within very short period after germination when, water coniact has
reached about 40% sucrosc is probably the respiratory substrate at this stage which

is provided by endosperm (Jain, 1997).

Mabilization of reserve muferinls: As  germination progresses there is
mobilizavion of reserve materials 10 provide (i) building blocks for the development
of embryo, (ii) cnergy for the biosynthetic processes and (iii) nucleic. acids for
conirol of protcin synthesis and overall embryonic development. Changes in these
componems during sced germination. Such as nucleic acids, carbohydrates. lipids,

prowing and inorganic materials (Jain, 1997).

Kmergence of seedling out. of the sced cont: All these changes deseribed above
gradually vesult in splitting ol” sced coat and emergence of the growing seedling.
First the radiele eomes out and grows downward then plumulc comes out and grows
upward. Due io continued growth of this seedling the laticr comes out of the soil
exposed 10 light and develops its ewn photosyntheiic apparatus.

The spliting of sced cont muy take place either (i) imbibitional pressure or
(ii) internul pressure ereated by the growing primary root or (iii) by hydrolytic
enzymes, which act on cell wall comaents of seed coat, and digesis it (Jain, 1997).

2.11 Waooad sinstomy

The part of the axis of a plant that bears the leaves and reproductive siructures and
is commonly aerial and ascending is called the stem. Perennial woody plants
presem apparemily simple stem structure. In these an unbroken layer of secondary
vaseulur tissue sheaths o ‘more or less continuous eylinder of primary xylem.
Varigtions in the S{mcmn: of this eylinder range from eylinders that are unbroken
except by leaf and branch gaps o those consisting of discrete- bundles often
complex in orrangement (Anthur and Laurence, 1993).
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2.12 History and Previous work done

An Experiment done in Sei Lamka by Palasutheran ¢r o/, (1980) showed that an
aqueous exiract ol Cascinhim _fenesiraium and iis alkaloid berberine hydrochloride
have sclective inhibitory aciion on Clostridium tetani | and the minimum inhibitory
coneentration was shown io be signilicantly lower than that for the other bacteria. A
detailed histological and gencral deseription of ihe stem of Coscinium fenestratum
and Coscinium wellichicomm waus given by Short (1925) who showced that definite
histological differences exist bewween the stems of Coscinium fenestratum and

Coscinivum wallichianum,

Additional histological dcinils are also given in the pharmacognosy of Ayurvedic
drugs, Cemiral Researeh Institute, Trivendrum-1953 scries No.2 (Muttiah, 1968). He
also made a preliminary study of the distribution, growth and propagation of

Caseinium fenestrafum,

In this study he described the distribution of the plani in the Island. The taxonomy
and morphology of the plant, Nowers and fruits, observation on the periodicity of
Nowering and fruiting. and its naural regeneration by seeds, which he pointed out
10 below (18.5%%). .

In the nusery at Rankaniyamulla he has also pretreated seeds with limg watcer for 6
hours and shown a higher germination percentage (19.5%) than without any
weatments,

However weatments for longer period were shown to deercase germination (This
sceds sample collected from forest flow). He had olso atiempted ortificial
propagsnion of this species propagation by cuttings, both shooi and root. had also
been wried ouwr but without suceess, Root cuttings had been o complete failure while
stem cultings had been a near faiture. Planting oul stumps and svedlings obtained
Irom the natural torest had alse nat been successful.

Viability 1est have also been initiated a1 the nursery. The yield of plants obtained
from an aere ot different reserves was given by Muttiah (1964) and is reporied 1o be
Kankaniyamulla (Nonh-Wesiern provinee), Beraliya (Southem province) and
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Diyudawa (Souihern provinee) 112, 40 and 164 (over linch girth at root collars)

respectivety (Scenerath, 1991).

Senarath (1991) in Sri Lanka made Biological Studics on Coscinium fenestratum
calebr. (Menispermaceac). In this study he described the distribution of the

Coxeinium fenestrafum in ihe Istand.

The population biology (Demarcation of population, sex distribution in the
populution). Intra- population variations (pollination success and fruit set) and
phenological studies (flushing, Nowering, fruiting and pollination experiments also

he has studied in Sinharaja forest.

In the nursery at Sinharaja he hos also preireated sceds normal condition, hot water
treatment, alkali wreatment, acid treatment, sunlight treatment, soaking in tap water
soaking followed by exposure to sunlight, exposure to sunlight followed by souking
and sinking sumples exposed 1o sunlight and shown a higher germination

pereenmuge (57%) than without any treatment (Scnarath, 1991).
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3. MATERIALS AND METHODS
3.1 Reproductive propagation of Coscinium fenestratum
3.1.1 Sced collection and storage

The collection of fruits and sceds of Caseinium fenestratum were made during
fruiting season Sepiember 2002 from the disturbed forest fringe in Sinharaja
(Waturnwa, near the main entrance, near Sccthadola and Doranaclla). Above
mature ripen fruits were collecied by bagging and fallen seeds collected were
bagged. Collected Truits and sceds were stored in polythene bags under plant house
conditions and these bags were kept in a humid chamber (90-95% humidity and
temperaiure 25°C).

The pericarp of these fruits were removed manually and washed with waier before

the sceds were used for the experiments

3.0.2 Initiul investigation on the seed biology of C. fenestralum

3.1.2.1 lnvestigntion of the sceds moisture content of C. feriestratum

For seed biological studies, depulped prepared seeds were used. A fully mature
fresh sceds sample was divided into three groups each group including 20 sceds.
Then the fresh weight of each sample of sceds was recorded ond cach sample was
placed in parridishes and oven dried at 103°C for 17 hours. Bel‘nmm:iwwing dry
weight, the seeds were placed in o desiceation ehamber until their dry weight was
measured (Table 3.1).



Table 3. Hnjtial moisture contemt of’ C. fenestrafum secds.
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3.1.2.2 Determination of moeisture loss of C. fenestratum sceds stored under

ditferent conditions

Studying on sceds moisture losses were carricd out under different siorage
conditions such as, 100% humid condition, in polythene sealer bags, in paper bags
and ambient condiiion.

I order 10 maintain humid environment, cotton wool sprayed with tap water was
used, Three replicates 360 sceds for cach conditions were used for sceds moisture

losses experiment.

Above experiments were carried out under laboratory conditions (Mean Relative
Humidity 76 £1.39 %5). Moisiure conicnt of stored seeds were measured with
intervals of aflee S, 10, 15, 20, 30 and 40 days from the date of initial siorage. For
this test, three replicates each containg 20 seeds were used.

Duty analysis
Data on each variable were analysed by using geneml linear model procedure of
the MINITAB Version 12.1. Dilierences among the seeds under storage conditions
were tested. Means were compared using the Tukey Painvise Comparisons Test al
P < 0.08 level.
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3.1.2.3 Seed viability test

Fur initial viability test. 3 replicates ol 60 seeds were used. Initial viability test was
detennined by carrying out a 2. 3. 5 tnphcnyl tclrazoliuni chloride (TTC) test (See
Appendix. ).

TTC is based upon the reduction in gcrminability of seeds, due to a gradual dying
off of the embryo, Embryos of fresh seeds were carefully excised by using a sharp*
bladed dissecting needle, washed several time with distilled water and placed in

small gloss bottles with a freshly prepared 1% TTC solution.

The embryo sank in this TTC solution and therefore, there was no need to ensure
thut they were fully submerged. The bottles were then kept in the dark. Hie
observations were made after 12*24 hours (plate 3.1). The TTC test was used to
examine the viability of embryos in seeds stored under different conditions (Humid
chamber, polythene bags, paper bags and Ambient condition) during 40 day period

of storage.

Appeinnee
4red) after
TTC
apptvikM

Plate*? 1 Application of TTC solutionson C.im st nan Seeds



3.1.2.4. lavestigation of seed germinution inhibitors

Bioassays cafricd out using sceds of Brassica juncea. B. juncea sced sample was
divided in 10 three groups each containg 25 secds. These B. juncea sceds were
surface sierilized with 1% sodium hypochlorite. The C. fenestraium seed coot
eracked by using pair of pliers and endocarp and embryo removed simultancously
in seed coat by using forsep. and the embryo from the endocarp was removed

carclully by using forscp and bladc.

Removed embryo and endoearp wieighted 1o 1.5g scparately and crashed with 30ml
of distilled water were prepared 5% -exiractions of endocarp and embryo
sepuraicly. Seventy-five of B. juncea seeds were soaked in the 3% of water extracts
obinined from the embryos and endocarp of Coscinivm fenesiratum and sterilized
distilled waicr was used as the control. These B. juncea sceds were germinaied on

bloiting papers seaked in relevam extraciions.

These weatments with petridishes were incubated in humid chambers for 96 hours
ot room temperature (25 9C). Each wrcatment was replicated. Results were analyzed

by 0 simple T-test.

3.2, lnvestigation of best pretrentment method in breaking down the seed

dormancy of Coseinim fenestratim

To overcome the mechanical barriers of hard seed coat and acecelerate seed
germination, samples of seads were subjected 10 different physico-chemical
treaiments. The pericorps of Wil fruits were removed before the seeds were
subjected 1o varfous experimems, All sead ucatments were canvied out under plam
house conditions (maximum instantancaus light intensity, $00 pmolm™s” and

e

mean daily humidisy 831 Sa).



3.2.1 Ambicnl envirgnment

Seeds were depulped and planted withot any treatment. These seeds were planted
in seed trays filled wiith a mixwre ol sand and top soil mixed in 1:1 ratio.

Germination tests for 3 replicawes ol 60 sceds for this experiment were carried out.
3.2.2 Sunlight treatments

The sceds were exposed to dircer sunlight for 2,4 and 6 hours to split the seed coat,
which would then possibly permit germination of C, fenestratum sceds subject 10
these differemt light exposures. These seeds planted in seed trays filled with a
mixture of’ sand and top soil in equal proportions. Above germination tesis with 3

replicates of 60 seeds for each wreatiment were used.
3.2.3 Wyter trentments

Seeds soaked in distilled water for 12 and 24 hours imbibed the secds water. These
germination test with 3 replicates of 60 secds for each treatments were used and

planted in sced trays filled a mixwre of sand and soil 1:1 ratio.
3.2.4 Mechanicnl crucking frenimeni

Seed cont was mechanically eracked by using a pair of pliers, thus mechanically
splitting them ond removing the mechanical barrier due 10 sced coat. This
ircaiment was replicated three times, Each replicate included 20 sceds and seeds
were placed seed wruys contuining sand and 10p soil in equal proportions.

3.2.8 Gihbercllie acid (rentiments (GA3)

—

Sceds soaked in different concentrations of Gibberllic acid (1500, 2000, 2500 and
3000 ppm) were tested for the germination success, Fresh secds were saaked in the



above coneentrations of Gibberllic ucid for 12 hours and wansferred 10 8 medium
ol sand and iop soil mixed in equal proportions. As the control a similar sample of’
seed were placed in tap water for (2 hours and planted sced irmys above medium.

Sceds were also wreated with Gebberllic acid 2000ppm for 12 hours and these sceds
were collecied from forest Noor ol Sinharaja 1-2 months afier the seed fall, Each

treatment was replicated 3 times and cach replicates include 20 sceds.

3.2.6 Sceds treatmenis for C. fenesiratum were carvied out under ficld

conditions (without plant house condiiions)

Tweo samples of 500 sceds were exposed to dircet sunlighi for %, | hours then
planted in nusscry with a sund and 10p soil medium mixed in the ratio 1:1. These

germination test with § replicates ol 100 awds for cach replicates were used
3.2.7 Sunlight and soaking treatment

Three samples of 100 sceds were exposed ,&b direct sunlight for 2 hours ihen
saaked in tap water for | hour and planted in Mccwmum. nursery with a mixture of
sand” und 1wp soil in equal proportions. l;mar treatment was replicated. These
weatmenis were earried ot wider maximun instantancous light level of 850

-

pamolms,
Watering was donc regularly for all seeds reniments.
Statistical anulysis

Analysis of varianee (ANOVA) v pertormed on wransformed data 10 evalune the
differences in the pereeniage gemmination of sexds above treatmenis,

T
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3.3 Compavrison of wood morphology sud anntomy of Coscinium fenestratum

and other related specics

The anatomy of the stems of wwo sclected liana Coscinimm fenestrafum and
Anamivata encenluy were examined by light microscope. The objective of this is to
develop a method that eould be used to identify the specics casily from each other,
First transverse sections of the sicms were cul 1o a thickness of 15-20 pum by using
a microtome and treated with 70% aleohol followed by toludeane blue. They were
allowed 10 air dry and drying subsequenily slides were prepared by adding ‘cgg
albumin’. Stems with three differemt diamciers () cm, 2 em and 3 cm) were
exomined in this siudy. For cach diameter class three replicates were invesiigated
compirison of morphoelogy were based primarily on cell types, growth anomalics

and bark charcters,

Vessel diameters were measured using ‘cycpicce graticule’ and the stage

mierometer 1o compare with dififerences of boih specics.
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4. RESULTS AND DISCUSSION

4.1 Reproductive propagation of C. fenestratim
The preliminarcy swudics of secds including sced initial moisiure content, sced
moisturc losses, sced viability and sced germination inhibitors carried out during

the experiment period helped (o ideniify the seed (ype and biology of C.

Jenestraium,

4.1.1 lnvestigaiion of the moisture cuntent of C. fenestratum sceds

Table 4.1 Moisture conient perceniage in cach replicaies of the seeds

Sceds Weight ef Weiglu of 20 Weight of 20 dry
samnples centdiner (g)  fresh sceds + seeds + percent moisture
9] Container () coniginer (g) content per seed
{Y) (Z) (Y-ZY(Y-X)x100%%
] 3155 81.56 65.85 31.41
2 ” 80.88 67.05 29.46
3 v _.. 7973 , 64.75 31.09

Megn seed moisture content = (31.41+29.46+31.09) /3 = 30.65%

The initial moisture content in Coscinium fenestratum seeds was 31£0.61% (Table
4.1). “This is a specilic feature of recaleitrant seeds as most of the recaleitdant seed
meisture contain more ihan 3025 (Erica. 1999). Thercfore, C. fenesirarum seeds are

very sensitive 1o desiceation.

Hence this 1ype of seeds should be stered 10 avoid moisture loss. They should not
be collected a1 mature siage and sowed. immediately before they die (Eriea, 1999).
The period between collection and sowing of C. Jenestratuin seeds was very short.
If they need 19 be stored foca longertime, they should be kept under high moisture
condition (100%). 4 'maily recaltitram soeds should be collected ond sown as soon
as they reach ihe matuily stige,
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4.1.2 Determination of meisiure loss of C. fenestranoen sceds stored under

diffevent condiiions

According 0 the present study, clear variations were observed in terms of the
moisiure content of C. fenesmratim seeds ot different storage condilions. The
highest moisture loss of C. fenestratum seeds were recorded when sceds were
siored under ambicnt conditions. The least moisture loss was observed when they

were stored under 100% humid levels (moisture chamber).

These results suggest that the insianianeous moisture content of C. fenestrafum
seeds closely associnted with storage conditions. If may be due to the recalcitrant
naturc of secds. Sceds stored in paper bags showed higher moisture losses than
these in polyihene bags. On the other hand, the moisture lass of seeds stored in
polythene bags was found 10 be high compared wiih ihe moisture loss of sceds kept

under high humid conditions.

Sttistical analysis of the dma showed a significant differcnce (p<0.05) in the
moisture content humid and ambicat sceds siorage conditions. According 1o mean
camparison of Tukey Pair wise Comparisons Tesi, seeds storage under humid
(100%) eondiiions were beuer than ethers conditions (Figure 4.1). The viability of
recalettrant seeds is based on their moisture coment. Hence the prevention of

moisture 10ss is very important in maintaing the viability of C. fenestratum seeds.
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Figure 4.1 Moisture loss of C. fenestraium sceds when stored in differcnt methods
4.1.3 Sced viability

The TTC (2, 3, S-triphenyl-ictrazolium-chloride) test was carried oul o examine
the viability of embryvos of sceds siored under humid chamber, polythenc bags,
paper bags and ambient conditions, According 10 the seeds viabi°li|:y test on seeds
slored Tor 40 days embryos were observed in red colour and the colour variation
was detected in 12-24 hours afice immersion of secds in the TTC solution are in

sequent keeping them in the dark,

The highest viability (8928) was observed in seeds stored under humidity
conditions nfler duration af 40 days while the least viability (30%%) was observed in
steds stored for 40 days in ambieat condition. Out of the other wo conditions,
higher viability was ebserved in sueds stared in polythene bags against sceds stored
in paper bags.

4. 1.4 tovestigation of seed germination inhibitors

Bivassays carriet oyl using. saxds of Brassieo juneene revealed presence of
germination inhibitors in Coscaism fenostrotim soeds endosperm and the embryo
Germination peraentage of £ premcedn grown on endosperm and embryo exinxts
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were 17% am! 25% respectively while 80% and 88% germination (Figure 4.2)
percentage was observed in control where the blotting paper was soaked in water.
However; the amount of inhibitors does not effect on dormancy. The factors that

affect the dormancy of C fenestratum seeds may be due to the germination
inhibitors.

Jf' Conwd I mbc>o A cmkxarp n U x (

Nrt<rocdmi 1%cadoutp rdtxt

Figure 4.2 Presence of germination inhibitors in embryo and cndocarp of C.
fenestratum seed.

4.2 Investigation of best pretreatment method to break the seed dormancy of
C fenestratum

9.2.1 Result of ambient environment

Seeds depulpcd and then planted in a medium showed no germination with the
program of time. C. fenestratum seeds under normal conditions undergo a
dormancy period of 2*15 months (Scncrath, 1991). The germination of C.

fenestratum Sseeds were highly affected by teed dormancy and germination
inhibitors.
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4.2.2 Result of sunlight irentiments

Exposure ol seeds 10 dircct sunlight Tor different time periods of 2. 4 and 6 hours
shuwed no germination. The fuilure of sced germination in the this reatment may
be duc w ihe dehydration ol the embryo due 1o the low humidity level (in contrast
to forest floar) prevailing ai the plant house.Germination of C. fenestratum requires
higher humidity (100%) levels and low temperature.

However. in nursery conditions sunligin ireatments for %4 10 1 hours showed
germinaiion enly 5 sceds (Figure 4.4) out of five hundredth (500) within the 2-5
months, Seceds exposed to dircet sunlight were observed revenled a narrow
longitudinal split along the line on the Nat side of the hard sced coat. Thus the
mechanical barrier o the emergence of the developing embryo prescnt on the sced

coat may: be overcome.
4.2.3 Sunlight and sonking treatiments

Exposure 1o direet sunlight followad by soaking did not show a higher germination
or r&uced dormaney of C. fenestraium seeds. When seeds were exposed to direet
sunfight. the seed coat splited and endoesperm was seen. When expesure of seeds 1o
dircet sunlight for 2 hours ond then soaked in wp water for | hour resulied in
germination of 16 9 (Figure 4.4). These experiments were carricd out in
Meewaturad nursery and plonted medium of sand and soil ratio was 1:1. ('an light

imensity 850 pmet's?),
4.2.4 Mechanical cracking (reatment
Only 295 of seeds subjected to cracking was germinated (Figure 4.4), possibly due

to damage of the embnyo or intection ob cmbryes by soil arganisms consequent 1o

damapes,
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4.2.5 Soaking in distilled swater irentment

Seeds suuked in distilled water tor 12 and 24 hours did not geriminaie within the 2-
5 months. But secds sonked in tap water for 12 hours were observed 10 germinate
with & percent of 3%. This study may be that soaking results in rehydration, which
is vital to permiil sced germination. Soaking in 1ap water also reduced dormancy
but no significant increased germination were recorded. Early studies have shown
that the dormaney period of C. fenestranon sceds can vary from 2-15 months
{Senerath, 1991),

4.2.6 Resulis of Gihberllic neid (CAj) trentmenis

In this treatment the cffeat of differemt concentration of Gibberllic acid were
observed. Sceds ireated with 2000 ppm GA, siarted to germinate afier 45 days they
planted. Afier five monihs 2% germination was observed. Treatment of sceds with
three concentrations namely Gibberllic acid (GA3) 1500 ppm, 2500 ppm and 3000
ppm, showed germination ofter five momhs of planting at. 2%. 3% . 3%
respectiviely. Control experiment also recorded 3% germination (Figure 4.3).

Naturolly fallen seeds collected after 1-2 months of seed fall from the forest gave
27%% germination (Plate 4.1) when treated with 2000ppm GA;. This method can be

usecd for successful germination,
Therefore even though GA; is hiowa o be a dormancy breaking hormone in many

species, it did not inercase shpmiticomly e percentage gesmination in €
Sfenestranan, But germination was higher than in ether treatments.
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Plate 4.1 Best germination treatment of C. fenestralurn seeds treated with

gibbcrllic acid 2000 ppm for 12 hours.

Damage of the hard seed coot by mechanical. Physico-chemical or other means did
nottnercase the percentage germination significantly. Seeds pretreatment methods

carried out by Senerath (1991) revealed that C. fenestratum seeds have a long
dormancy period (2-1S months). Mutnah (1964) also reported that the C

fenestratum seeds germination were not successful.



| able 4,2 Seeds treatments and germination % of C Jcncstratum Seeds

Seed Treatment Germination %
(wtthki the Smonths)
1) GA» Trettmenu * 1S00pfn 2%
(12twx*») TOOOPM 2%
« 2S00ppm 3%
- XXJpfwn 3%
Cunlioi » Up water 3%
2) Sunfagnt treatments \Q. houi 1%
o1 . 1%
2. no gtmanehon
.a
6 .
3) Startgftl and footing treatment
«poM«toiMnfegMtor2hourA 16%
soaked in tap water lor ihour
4) water treatment *12 hour no permnefton
. 24 hou> -
S) Mechancal aadung 2%
6) faitn after 20 montta M«<H
treated w«n GA, 2000ppm (12 hours1 27%

S ofwd germamton

Kigurc 4.3 Seeds germtnaboo HoL L Ju KJtivhm wdyceed to different GA»
CTnOTt"iMMflt gemmation wn edee K d $ roonths afterihe W MmtiiO



Figure 4.4 ( few stratum seeds germination with different treatments

4.3 Comparison of wood morphology and anatomy of C. and

other related species

Coscinium fenestratum and Anamirta cocculus showed to have anomalous growth
structure but C.fenestratum has a primary anomalous growth and A. cocculus was
anomalous secondary growth (Plate 4.2). fenestratum bark is relatively thin
(1.93*0.12 mm) and grayish whitin older stems due to the heavy growth of lichens
which impart a smoothness to bark. It is lightly and longitudinally furroyyed and
when scraped or blazed reveals the dark yellow wood. A. cocculus bark was much
thicker (2.73*0.08 mm) than (' fenestratum and dark pfrawn in older stems.
.1 | |

A cross section of the C fenestratum stem show a diffuse porous. Wood with large
porous intercalated by prominent broad bands of medullary rays radiating from the
central pith (Plate 4.3) to outer cortex. A cocculus moody structure was observed
‘Multiscrcate rays' and cambium forms ccntrifugally. The “bunduks** formed in
this way may be arrangadjn definite ’concentric rings* (Plate 4.4).  fenestratum
stem structure ghwi ved cambium forms very little parenchyma and ‘bundulcs*

formed arranged irregularly.
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Stem of
C fenestration

Plate 4.2 Stem morphology of C. fenestratum and A. coccuius

kmstratum under light microscope <10

4t



Plate 4 4 Transverse section of A<

Vessels diameters were examined in using eyepiece graticule’ and stage
micrometer revealed variations of vessels diameter in different stem diameter sizes
(I cm. 2 cm and 3 cm) of both species fhc size of average vessels diameters
observed in A. caccuht%was higher (20.3tl 5 pm) than the in C fenestratum
(19.03*2.5 pm) but there is no signiftcunt difference in vessels diameter of two
species as shown in figure 4 5 Therefore the “Vessels diameter” can not be used in

identification purposes of two specie”

O ( *wuimum O Ananttrfrt

005
0 025
002
0015
001
0005
o1
I cm

figure 4 5 RetWWWIIp between dent dtamden and vesaris diameters (m

(\ ftmntrvnm»and A <urrW io)



CHAPTER 5§

CONCLUSIONS AND RECOMMENDATIONS
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5. CONCLUSIONS AND RECOMMENDATIONS:

Mean moisture content. of fresh C. fenestrainm seeds was 31%. Therefore C.

Jenestratum seeds ean be categorized under the group of “Recaleitrant seeds™.

According Lo statistical analysis, the best conditions sced storage was inside a

humid chamber for 40 days.

The presence of germination inhibitors were higher in extracts obiained from

the endosperm than these extracis obtained from the embryo.

The best sced maierial of C. fenesiratum for satisfaciory germination are those

seeds collected from the forest floor, which for 1-2 months after the seed fall.

The best treatment of these seeds for berter germination was 2000ppm of GA;.
The secds were germinated 6 days afler harvesting from the mother plant.

The major factors that affeci the dormancy of €, fenestratum secds may be
due to the hard seed coar and the germination inhibitors.

Funher studies are recommended 1o condust on germination of C. fenestratim
seads harvested from mother plam ond kept under 10025 humidity for 1-2

months.

The stem of C. ferestramum shows anomateus  growth siruciure while A
caccnlins shows  secondary anemalous growth strwcture.
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Appendix. 1 Viability test foe C. fenestrafum seeds were carricdout

using ‘1°'rC (2, 3, 5 tripheny! tetrnzolivm chloride) test (Qlesen, 2000).

Far C. fenestratum seeds 1% TTC soluiion was used. This concentration is
achieved by disselving Ig 2. 3. 3 triphenyl ctrazolium chioride in 1 litre of

water, The practical sieps of the TTC icst are as follows:

1. Prepare hard sced coat for imbibition by scarification,

2. Pre-moisien sceds by seaking 25 °C for 12-24 hours drain off water.

3. lmmerse secds in the TTC solution. The sceds should be compleiely
covered.

4. Incubate seeds in the TTC solution in darkness at 30-35 °C for 10-12
hours.

5. Wash seeds in distilled water and place them on moist filier paper until
evaluation,

6. Evaluate staining.
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