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INTIUJIHIC'I'I()N

Chilli (Caf'.I'ic.:lIl1l <11/11I1/11I1 L.) the hot spice cum vegetable is cultivalcd

throughout the world for its intrinsic qualities like pungency, Oavour, appealing colour

and nutritive value. Chilli has heen a part of human diet since 7500 He. Consumers

especially in India have adapted well to chillies that they cannot complete their mcal

without a little of chilli. The power of chillies is so great that during 1'J7H - '79 whcn

Korea faced a shortage of red chilli, it was Icared that Korean government would lilil if

adequate supply of red chilli was not ensured.

India is the leading producer of chillies with an annual produclion of H,:'iO,OOO

MT (Murugan, 1998). The important chilli producing states are Andra Pradesh,

Maharashtra, Tamil Nadu, Karnataka, West Bengal, Bihar and Assam. India is also,

the largest exporter of red chillies. Estimated annual import of chilli in the work] is

one-Iakh torllles, which is 22.22 per cent of total spice import in the world, As a

leading producer, India has the production figure of 9.45 lakh tonnes from an area of

9,565 lakh hectares, and it is expecled to reach 15 lakh tonnes by 20110 AI) India

exports unly 2.75 per cent to 7.50 per cent of its total productiun.. The main markcts

arc USA, South East countries, Sri lanka and Bangladesh,

Chilli is a diverse crop and is incorpurated into m~oflty of the wurld's

business. Annual trade of chilli in the world is 55 tu 65 thousand tonnes which is

16,7 % of the total spice trade in the world. Chilli is valued for its pungency, spice

tasle and aroma besides the appealing colour it adds to food, The two important

chemical constituents of fruits are 'capsaicinoids' imparting pungency and 'carotenoid

pigments' imparting colour.

l3uth ripe and unripe fruits of chilli arc used for culinary purpose and it forms

an impurtant source of vitamin C. Of the five major spices, chilli mnks third next only

to black pepper and cardamom, II is unique among all the spice crops, being the only

suurce of capsaicin, The' pungent principle capsaicin has significant physiological

aclion and is used in many pharmaceutical preparalions like halms, linamenl,s and

ointments fiJr cold, sore throat and chest congestion, The oleoresin from high pungent

chilli varieties is used as a counter irritant in lumhago, neuralgia, rheumatic disorders



and internally for tonic and carminalive action. Chilli varieties with bright red colour

. and moderate pungency arc uscd for Ilavouring food products likc hot biscuits, ginger

soft drinks and for chewing tobacco.

Chilli is propagated mainly through seeds. Vegclilhle seeds stored in gunny

bags lose viability due to environmental and genetic factors and seed borne fungi.

Under Indian conditions it is not feasible for farmers to provide ideal conditions ror

seed storage. Dry storage causes a gradual loss of viahi lily and vigour. I.esions in the

inlegrily of DNA and rihosonlal RNA have heen lillllld to he the nmin canses or

impaired transcription and prolein synthesis leading to low viahility or seeds lienee

the availability or viable seeds in the succeeding sowing season has heeOlne a

constraint. Loss of viability on storage also causes great economic loss to fanners. In

vegetable crops, germination and seedling establishment are mflior constraints for a

uniform crop, gap filling is neither economical nor a viable proposition and so the

production of quality seeds and its safe storage is {If paramount importallce.

A variety of physiological treatments help ·to improve several environmental

and genetical constraints. The importance of hydration and dehydration processes in

improving seed germination is well established. Osmopriming has heen identified as

yet another technique which help the seed physiologically to improvc germination and

produce quality seedlings. Priming i.e., thc pre imhihition of sceds in oSlllolic

solutions can partly rcverse the negative ellccls of ageing and may resull in lioth

accelerated germination rate and improved seedling uniformity (Taylor '" af., 1(98).

At the biochemical level, it has heen reported that osmopriming incrcases Ihe amount

of RNA, DNA and protein synthesis which allow the secds to advance pre gcrm ination

proccsses and repair. Jlowever, osmopriming eflccls on chilli seeds arc yet 10 he

studied and needs tesling in Ihe conlest of conslmints raced in handling chilli seeds.

The present investigation was therefore undertaken with the following objectives.

1. To study the different types of cytological and biochemical changes in aged

seeds of chilli

2. To investigate the effeels of osmopriming in chilli seeds.

3. To study the feasihility or osrnoprirning as II technique tn overcommg

physiological and genetic delerioration ofslored seeds.
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Iu.;vmw OF L1TI<;RATlJRI~

This chapter reviews the relevant literature available in India and ahlOad on

various aspects related to the present study.

2.1 Effect ofseed OsmopriminJ!, on sccd and sccdlinJ!, characters

2.1.1 Germination percentage

Priming, is a treatment of seeds in which they arc hydrated suflicienl to allow the

prcparative events for germination to take place but insumciently hydrated to allow the

radicles to emerge, making seedling emergence more predictable, advanced and more

synchronized giving earlier growth. (Heydecker el til., IlJ74).

Osmopriming celery'seeds in PEG 6000, at IK"C fi,r 14 days showed significantly

heller secdling emergence even when sown 14 dnys Inler than untlellted seeds. Plant

development was also significantly improved, the efrect lasting upto harvesting made 12,

15 and 18 weeks aller sowing when plants from primed seeds had reached marketa"hle

size. (Rennick and Tiernan, 1978).

Brocklehurst el ul. (19K7) tried the technique of osmopriming or vegetahle secds to

give more rapid and uni/illln gcrmiaation and emergence on u wide range or spccies of

lamily.

Saxena el ul. (1987) conducted osmotic prlllllng studies in tomato cv. Sioux,

capsicum ev. Geram Jwala, caulillower cv. !'usa Kutaki and aurhergine cv. "usa Kranti

with PEG 6000. In all species the treatments increased germination and seedling growth

compared with the controls. The best treatment for tomatoes was 12 days at 29 per cent

PEG 6000 or 8 days at 32.4 per cent for capsicum 4 days at 29 per cent or 8 days at 32.4

per cent for cauliflower K days at 29 per cent or 4 days at 32.4 per cent and for auhergine

12 days at 29 per cent or 4 days at 32.4 per cent.

Yan (19K7 ) fillmd IImt Soynbenn seeds immersed in D per ccnt poly elhylene

glycol (PEG) 600(J solution at fOliC ror 72 b and then imbibed al 2 10 Jilt' showed

tolerance to this temperature lor 60 days without reduction in viability.



Alvamdo and Ilradli,rd ( I'.Illl) rcported prinling lomnlo seeds fi,r Ihe iii sl lime in

PEG at- 1.25 Mpa was effective as it was before storage and a second priming treatment

of stored prime<! seeds was of some benefit, bul did nol enl irely revcrsed thc dell imcnlal

effects of high temperature storage,

lIasscll and Kretchman ( 1987) noticcd that soaking parsel y seeds (cv, Forcst grecn

parsley) in water for 72 h to remove the inhibitor in'the seed coat and sced priming wilh

PEG 6000 increased yields,

Accordilig to Ilaingh and Barlow (1987), sail sol ution priming of tonmlo and carrol

seeds were more beneficial to subsequent germination than PEG priming bUI salt solulion

priming of onion sccds wns Icss hcnclicinll/llIn 1'1 (, pI iming,

Carpenter (1989) reported that priming seeds of Salvia .\plelldells of three cultivars

in a hypertonic osmotic solution of aerated polyethylene glycol (pr.O ROOO) al -O,R Mpa

fur 10 days at 15"C improved germination in all cases,

Frell and Pill (1989) were of the opinion that Ihe optimal priming lrealmcnl of

seeds of Impatiens was -1,0 Mpa of poly elhylene glycol ROOO (1'1 (;) nl 2S"C for onc week

and primed seeds gave 80 per cent final germination and 1J,5 days to 50 per eent

germination, where as the respective values for untrcated seeds wcre 50 per cenl final

germination and 18.1 days.

'J'anne and Cantlinc (1'.18'.1) reported that Ihe percentage germination of cclery

seeds cv. Early belle was the highest when primed in PEG 8000 at -12.5 bar at ISoC for

20 days.

Freshly harvested soynhean seeds on treatment with sodium chloride (0,25 %) for

6 h, washed, dried and stored fi,r 12 1I10nlhs. incrcased genninalion perccntage from 41

pcr ccnl in the conlrollo M to 117 pcr ccnt and seedling vigour index floll1 (,5(, 10 1152 to

1862. (Sathiyamoorthy and Vivekanandan, 1'.189).

According lo Nicwnow <'I til. (1991) priming leek seeds for 7 days wilh -I.ll Mpa

solution (PEG 600 and PEG 6000) gave results as good as priming f(,r 14 d with 1.5 Mpa



PEG 6000 solution. Priming in filter paper was as effective as priming In buhblc

columns. But drying back ancr priming rcduccd thc hcnefits derived from printing.

Cold tolerance, as measured hy gerJninalion at fl"C in soyahelin genotypes IlR and

112 WIIS increllsed hy sOllk ing in I'I\ll dill ing Ihc cllrly stllges of gellninlliion (I.i ,'1 1/1.•

1991 ).

Carpenter and Boucher ( 1991 ) reported that the optimum conditions Illr priming

pansy seeds (cultivars Majestic Giant Yellow and Majestic Giant Red) were in aerated

solutiuns of PEG ROOO at -1.0 Ml'a fur 7 days at IS"C.

A large-scale method of treating leek seeds cv. (luard in buhblc culumn hiorcudnrs

using polyethylene glycol (PEG) -1.0 MPa for 7 days at 15"C was investigated by Bujalski

el al. (1991). All priming treatments increased perccntagc gcrmination and shortencd the

germination time compared with untreated seeds.

According to Co"Jcro ell/I. (1991 ), un ahsencc uf damugc was uhservcd in 'Ii""I//l1/

.llam sceds aller a month uf permancnt sOllk ing in 1'1,<i solutions of -1.0 and -1.5 MI'II.

The osmotic pretreatment improved and lIeccierated the initiation of germination.

Small and Gutler (19'12) reported that the effect of therJnodorJnancy was largely

reduced by imbibing seeds at 40"C in solutions of 1'1\0 6000 and Na CI (0.1 ur 0.2 M).

Dcspite similnr wlIlcr putcnlillis ufsoluliuns Na CI prelrclliment WIIS mUle clkclive.

Shen el al. (19'12) concluded that osmoconditioning with polyethylene glycol

(8000) at dilTerent concentrations and duratiuns of treatments was orlillie value as a melln

of improving germination of I.alhyru.\· .\ylveslr;s seeds and perforJnance of seedlings.

According to Chilcrnbwc CI a/. (19'12), priming commercially processed sccds of

citrange cv. Carrizo, eitrumeLo cv. Swingle, mandarin cv. Cleopatra and sour orange in

-0.6, -0.9 or -1.2 MPa solutions of PEG 6000 was not successful, as germination and

emergence percentages were lower than from soaking in distilled Willer.

Parthasarathy et al. (1993) reported that on osrnopriming l'I"'.lel/l"s 1'1I1!'.ari" secds

cv. Arka Komlll using polyethylenc glycol (I'EO I!DOO) at water potentials or 0, -0.25,

5



-0.75 and -1.25MPa, the highest germination (100 %) was obtained at the waler polenlial

of -1.25 MPa.

Rao and Phillips (1993) reported that in turnips cv. Purpletop and turnip x chinese

cabbage hybrid cv. Tyfon, priming in polyethylene glycol (PI':OlWOO) increased seedling

emcrgencc over unprimcll seeds hy 75 nnll 53 per cents respcctively.

Seed germination of spinach cv.. Jiroumaru was inhibited markedly at"

temperalures above 25"C. Mllsudll lind Konishi (199.1) wcre of the opinion Ihlll Add

scarification followcd by priming with poly cthylene glycol (PEO) (iOOO solution

(-1.3 Mpa [or one week at 10°C) increased germination percentage even at 30"e to more

than 80 per cent within 8 days aner sowing.

Fujikura et af. (1993 b) suggested that osmopriming of aged seeds are slightly

more efTective than hydropriming at increasing germination and produced some increase

in the very low percentage of normal seedlings which developed.

Corbinean et at. (1994) reported that a priming trcatment of leek sceds cv. Premier

at -15 bars of PEG (iOOO for 7 to 10 days at 15"C flwrkedly increased gennilllllion III

suboptiomal temperatures and the stimulatory efTect persisted aner drying and subscquent

storage under silica gel for up to 15 months.

Mauromicale and Lerna (1994) reported that the beneficial efrect of priming

treatments using PEG were mllintllined over the six mo'lih storage period IIncr Irelllrnenl in

case ofOryzopsis miliaceae (L.).

Experiments conductcd hy Binick et lit. (1994) on priming carrol cv. Perlckoja and

parsley cv. Berlinska seeds in PEG 6000 with prior soaking 0.2 M thiran. resuiling in a

significant improvement in pcrcentllge germination in holh species cOlllpared with

controls.

Cant/iffe and Balla (1994) studied the efTect of seed lots of carrot (cv. Orlando

gold) collected from three separate locations. Seed' priming was Illore ellcctivc in

improving seed germination at 25"C than at 15"C, and was highly ellcctive at a constant

high temperature of35"C.



Mauromicale and Cavallaro (1995) cvaluatcd thc eOcct of osmotic priming of

tomato seeds cultivar Rio Fuego and Sunny at water potentials of 0, -0.5, -0.7, -0.9, -1.1

and -1.3 MPa maintained hy solutions of polycthylcnc glycol (PEn) (,OOO. Sccd

osmopriming increased germination percentage at low water potentials whercas the

germi nation of untreated seeds was greatly inhibited.

2.1.2 Speed of germination

Ali el al. (1990) observed that osmo treatments of tomato and onion sceds at 8.6

and -11.9 bars rcspeclivcly for a minimum of scvcn days produced rapid germination

"rcsponses at 15 C.

A comparison of priming agents for tomato and asparagus seeds primed fi,r onc

week in -0.8 MPa PEG 8000 showed that priming did not affect percentage germination

of tomato seeds but increased asparagus seed germination from 85 to 90 pcr ccnt (Frctt

elal.. 199f).

Belletti el al (1991) studied the efTect of priming on seed germination of fcc land

poppy at W"C, at treatment temperatures (10,15 and 20"C) with PEG nnd NnCI. The

results showed that most treatments reduced the average number of days for germination

significantly with no immediate efTects on viability.

Gray el al. (1991) in a comparison study of polyethylene glycol polymers, hetaine

and L-prolinc for priming vegetahle secds like onion, leek, carrot and celery fillllld thnt

priming in PEGs reduced mean germination time compared with untreated seeds by a

similar time in each species and reduced the spread of germination times in leek and carrot.

but not in celery and onion.

The time for sugarbeet cv. WS -. 88 to reach 50 per cent of maximum emergence in

thc greenhouse decreased lincarly with increasing priming time (I to 5 d) in 100, 200 and

300 g polyethylene glycol (PEG) per litre. Maximum emergence of primed seed was

equal or superior to emergence from untreated seed throughout a six wccks storagc period

(Swcnscn and Murray, 1991).

7



Lanleri el ul. (IYYJ) concluded that osmotic pre conditioning of pepper seeds fill' 7,

14 and 21 days in polyethylene glycol (PEG) considerably reduced the tinle to 50 pcr ccnt

germination, the mcan germination time and the eflcct was proportional to thc dural ion of

the priming treatments. Besides the quantitative erreet priming had a temporal influcllec

on DNA synthetic activity.

In an experiment conducted by Dabrowska and Tulo (199J) to study the influence

of dirrerent temperatures on germinatiun of PEG 6000 treated tumato seeds of 12 early

genotypes at 200e fur seven days it was fuund that in all cases, PE'G wet and PEG dry

seeds showed higher germination rate at 250e than the control seeds and at other

tcmperatures tbe genotypes showed varied behaviour.

Accurding tu Fujikura et ul. (IYYJ c), hydrupriming was found to improve rate of

gennination more errectively than osmopriming (-1.5 MPa PEG at 20°C for one week) in

case of cauliflower seeds.

lIigh germinatiun seed lots (cummon and cv. Bright star) and low-germination

seed lots (common and cultivars Bright Star, White Swnn l1Ial Brnnado) of /<.',o/1ill'I<"'I/"

fJllrfJllrea, evaluated by Wartidiningsih el al. (1994) ((Ir laborntory germination following

osmotic priming in pEO 4000 increased early germination (J days) at n"c of all secd lots

and impruved total (10 days) germination percentage ol'low-gennination sccd loIs.

When seeds of rice cv. I.llcjiasciau 222 and Xiungweiyou (, were tleated wilh

PEG 1000 fur twu days their resistance to imbibition dulling il\jury nnd germinnlion rIItc

signi licantly increased «()uiu and I.hen/!., 1994).

Demir and Elis (1994) reported that priming in polyethylene glycol (PEO) 6000,

-1.0 MPa 20"e for seven days folluwed by drying or surface drying increased the rapidity

uf germinatiun uf capsicum cv. Cali fornia Wonder seed lots harvested at dillcrcntmaturity

levels.

Priming uf pepper and tomato seeds in -1.1, -I.J and -1.5 MPa polyethylene glycul

(PEG) for 14 days reduced the mean time to germination. For both tomato and (.'I/I'.I';CIIIII

annlllllll, the frequency of 'Ie signals was highest at the lowest pEO concentration

(-1.1 MPa)(Lanteri et al., 1994).

8
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Effects or PEG osmoeomlitioning 011 germination power and seedlillg glolVlh or

sugarbeet seeds with dilTerell1 vigour (stored liK dilkrellt years) \Vas invesligated by

Zhang et ul. (1994) at three different PEG concentrations, two temperatures and three

treatment times. The seed germination and germination rate were increased hy PEt;.

YUIIIIIUZ '" al. (19')t\) lepolted lIlIIt light \Vus IIIl11ecessulY lin Ihe prinling process

or carrol seeds andtbe speed or both gennillation llI11t'emergenee was inelcascd by all the

priming treatments using PEG 6(JOO or -5 and-IO har al 15"e and20"e ror 5, 10 and 20

duys, or which the eO!lIhinlllion or 15"t' nnd -5 hilI' solntion Iln 10 dllys gllve Ihe bcsl

\",p\lIVell,enl ill speed nnd 1"'11'1'11111/,.1',

i\l~l:onlinllio 1(IISS0I'I"I, ( Il)()~), sl'l~d OSIIIOP! illlin.~ or 1',II',hl 1I'lliOIlIlI 1'1'IlIVI'I','1 Ill'

NllIlr OInnl',o ill 1'1,:< I (,Otlll or ll:lllllllie I'll'sslno .0..1'), ,1I,')lInnd -1,10 MI'II lill ,\(1 Illill IIl1d

:'H II lit :l.~"l' slllllllkllllily 1IIII'IIIwd 11m 1I1'llllilllllhlllnlull'lIml!llJlll'I' J!'\lel'IIII1I111lllld spcod

for most ecotypes,

Damato el al. (1994) observed osmotically primcd sccds or Florellce IClmel ev,

Locale di Bari at 10, 15 and 20"C ill PEG 8000 of 0, ·9, -12 and -15 MPlI ror (,, 12 and 18

days prior to gcrminalion at 15,25 and 35"C. lie fOllnd that the specd llfgennillalillil aner

primillg was similar wi<h ullthree potelltillis IIl1d illcrclIsillg prilnillg lempellllllle pilldllced

a trend of increasing germination speed.

Nasim el ul. (1995) testcd the germinatioll pcrlililnunee or ;1<.'I/(:;a lIilol ii'll seeds lit

37"C and at room temperalure belllre and aller prclreatments III 20"C lIsing either Jlllre

distilled water or solutions of PEG 6000 and Na CI for 20 days. Untreated cOlltrols

showed weak germination proliles while the pretreatment effected the total number of

seeds germinating and the spread or gennination, hut it did not generale any dramutic

change in germinalion performance.

According to Rog el ul. (1995), the germination percentage of PEG 8000

osmoprimed seeds or onion cv. Yellow and sugarbcel cv. WS 76 were Y7 and 96 per cent

compared to 89 per cent and 86 per ccnt respectively,

An investigation on the effects of PEG at -1.31 MPa fi,r 0.5 to 3 days 011 the

germination or I,ugel/ar;a .I'dc:erllr;1l seeds compared with unprimed, seeds showed that
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fill' Ilcl'llIilllltlllll. (1("11111'11111111 1'/11/•• 1'111(1).

l)lIillll r'/ rd. (1 11'111) It'I",,'''tlllIlIl 1'1t",lIlv III" Vl",I1',( 111"111111 "1' ""'"11'1'1111,1,,·, ·,,·,·d',

wll.'lIl11l1l111II'·.lIly pdll",t1li'l "Ighl dllVII III . 1.1I Mpil 1'1 '.1 I l'lIl1l1llllllllllll1 lI11d ,II i"tll" IIhlllll

Ili.~ I"H "'H'I wIIII'1 "01111'111 10' ,,101111\" 1111'1 "IH·1I111·d li"llh 1'1'( I IHIII,III/l "111111111"'.1 'I••,·d

/!C'"llillllllollllllllllllpIIIl'l'd '1l"'dl1l1gl"',Ii'IIIIIIIIlI" II" 1·IIII'I'"It·,lwill, 1111' 11111"'1111'" """lu,1

1\ cOlIlPllrisoll Ilf OSlIllllic IIl1d Illeirie primillg of bruellii seeds IIsill!'. polyclhylclle

glycol (I'EO I!OOO) III -I per celli MI'II 11m! cllkilllll sili""le III -1.2 Ml'n WIIS cllIllli'c1etl by

h'll 1'/ III. (1 1)1)(,). Till. 1t"IIIII~1 ,,111111'1.,,1 111111 1111'11 i" 111111 IIIJIIII,lit· p'ill'illil illl'II'II"",(

1l1'"l1illllliolllllll' 111111,. 111111111110' V. llI"t'IIIiIlIlIlt' IIl1d IIt",(

Seed osmopriming ill PEG 6000 was invcslignled by Mlluromicale lind l'nl'alillro

(1996) as a means of improving germination performance of three herbage grasses

(Fe.\'luca arundinacea cv. Cigale, Dactyli.\' glumerata cv. Lude and IJrol/lliS ca/lwr/iclis cv.

Samson) primed seeds exhibilcd a signilicanl incrense ill germinalion rale.

A sludy on Ihe eHeels of priming lomalo seeds (cultivars Yaungsoo and

Wolkwang) in PEG at -0.75 Ml'a, for 4 days at 20"C showed that seed germinalion was

faster at 20°C. Early growth of seedlings wns slighlly enhnneed hy seed priming

(Jumsoom, et al., 1996 a).

2.1.3 Uniformity in germination

According to Fleming and Lister (1984), priming Black spruce seeds with PEG

increased the speed, vigour and uniformity of germinalion. The best Irealment reduced lhe

time to 50 per cent germination by 14,3 or 5 days al IO"C, 21"C, or 32"C respectively.

Seeds of tomnlo (ellllivllrs VC 20~ nnd (20)) primed in lIe'lIled polyelhylelle

glycol KOOO germinllted lIIore 'lipidly IllIIn unireliled seeds III 20 III1lI :lO"C, seedlillgs f~om

primed seeds ill the lield nlso e'Il"II'.ed l.nrlier IIl1d IIlllle nllililllllly 1111111 sm·,lIing." liom

1I111I'ClIletl s(",d.", bill (lrilllillll did /101 11m·", lilt. lillnl Ht'linilllliioll (1""'('111111(<' (1\11'",,,,10

/J/I/I, I'I/l'!)



Priming onion sccds in huhhlc columns conluining 50 g sccd pcr lillc or 1'1~(j

(6000) solution using cnrichcd uir incrcuscd lhc pcrccntugc sccd gClll1inl1lion (H9'Y.l)

compllrcd wilh unln:alcd sccds (7H%). Thc unililfluily of gcrminlilion WIIS nlso inl'Il,"scd

intrcatcd sccds (Ilujalski ('I al., IYH'.I).

In a comparative study of two large scale secd priming tcchniqnes using lIelllled

PEG 6000 solutions in bubble columns and by a non-osmotic priming tcchniquc in casc of

leek seed lots of high (91 'Yo) and low (82 'Yo) viability on sowing in the field both priming

techniques gave earlier and more unifonn emergencc and highcr Icvels of sccdling

cmcrgcnce compared to untrcatcd seeds (Gray el ul., 19'.10 a),

In a study Giulianini el al. (1992) found that osmotic priming of tomalo seeds cv.

Ventura and capsicum cv. Sangolia speeded up gcrmination and improvcd unililfll1ity but

did not increase gcrminulion pcrccnlllgc cvcna( the lowcsl temperalurc.

Lcck secd germination is normally rcduced at tcmpcratures more IIl11n 25"C.

According to Parcm uml Cllnllilfc (1992) priming Icck sel,ds cv. Vcrinu with mnon(lol,

polycthylcnc glycol (PEG) may promote carly cmcrgence at high tcmpcraturc and improvc

stand uniformity (ilr containcr trnnsplllnt production.

A grccn house study undcrtllken hy Rush (1'1'l'l) In sclcdcd suglllhcd l'.nllivnrs

givcn priming IIclllmcnls wilh -1.5 MI'II Nil CI lind -1.2 MI'II polyclhylcnc glycol (I'I ~(J

8(00) showcd Ihul nil pJillling llellllllcnis incrcllscd lhc mlc lind nnilillnlily of sl'.cdling

cmergcncc lind nlso rcduced Ihc incidcncc of pre cml'.rgcncc dAmping olT in soils infestcd

with I', ,illllIIlIlII.

In a series of Iieh..ltrials conduclcd by Mlluromicalc eI aI, (1'.1'.14) on Ihe emcrgencc

characteristics of osmoprimcd secds of summcr squash (Cllcllrhilcl pep" L.) in PEG

showed that thcre was a significant improvcment in cmcrgcnee from 72 pcr ccnl for thc

unprimcd to 93 per cent lilr the primed sccds. It Also incrcAsed the cmcrgcnce spced lind

uniformity compared with control.

Jumsoom el al. (1996 h) rcported lhal primcd secds of tomalo (cv. Youngs"" nnd

Wolkwang) in salinc Slrcss (D.6 lind I % Nil el) hlld II highcr gerrninlltion pClccnlngc lhlln



unprimed seeds. Seed priming also reduced the time for 50 per cent germination and

promotcd rapid and unililfln gcrmination under adver~e condilion~.

2.1.4 Sccdling vigour

According to Roberts (1986) loss of viability in storage i~ precedcd by a wide

runge or symptoms, eolleelively eonlrihuting to 1\l~S or vigolll'. which clln lead to

decreased field emergence and poorer growth or plants resulting in poor linal yield in

crops sown nllow resulting in poor Iinlll yield in crop~ ~own nl low den~ily and hili vesled

aner a relatively short time.

In n compllrutivl~ study hctween "'li.~cl or I',,~-sowinr. seed t,,'almenl nlld I'IC­

gcrlnillatinll Oil ,'apsieum ,'m"lp."IIl"~ al dim'r"llt 1,'nll"'II\IIIII'S Ilanllll /./ ,,1. ll"!lf')

reJiurled Ihnl seeds or the while fiuited cv. Feheluwn, Ilenied wilh 1'1'.(1 and

pregcrminated at2i'C were germinated at 16.5 - 21.0 in a growlh chamber. 1'1'..(1 treatment

advanced avcragc emergence over the geflninalion temperature range by I,'; - 2.ll days

where liS pre germiulliion hy :1.5 dnys.

In II study to know the response or ('icl'r /IIilkvelc" seed 10 osmoeonditioning

Aherllllthy, (1987) roul1l] that lin o~mocontlilioning Icgime or II 10 III dnys dlllniion in

250 g PEG per kg waler reduced mean germinalion lime arid nalurully delerioraled ~eed

lots responded positively to osmoeonditioning.

Priming parslcy seeds cv. Forest grecn in PEO 8000 solulions ror 4.5 days at 25"C

improved earliness or germination lit all test temperatures (5. III nnd 25"( '), wilh Ihe

largest improvementatlhe coole~1 temperuture (Aker~ ,'I III. 1987).

According to I'ehap (1987), PEO treated I'icell ahies seeds germinated more

quickly than control ~eeds.

According to Singh 1'1 ul. (1988). in field trials with wheat seeds soaking in onc per

cent sodium chloride solution for 30 minutes increa~ed the number or ear-bearing tillers

per m row and gave grain yields of 4.45 t ha" compared with 4.03 t without seed

treatment.

12'
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Alvarado and Bradford (I 'Jl!l! a) from thcir studics with tomato sccds (cultivars VC

204 and 62(3) reported that priming stored control sccds for the first timc in solulions or

KN03 or PEG countcractcd thc advcrsc elTccls of storagc and reduccd thc mcan limc to

germination (Tso) by up to 53 per ccnt under laboratory conditions.

AI varado and Bradford ( I'J88 b) reported that priming tomato sccds in PEU 8000

of potentials (-1.25 MPa, 314g pcr kg of water) at 20"e for seven days reduccd the mcan

time to gennination cr,,,) by 41 per ccnl.

Osmoprimi" sugar beet seed in Na CI or polyethylene glycol (PEG) solutions

reduced Pythium ultimum pre-emergence damping off by 50 and 65 per cent respectively,

comparcd with untrcated secd whcn plantcd in naturally infested field soil (Oslllnn and

Schroth, 1989).

Murray (198'J) suggested that the initial seedIing emergence uf carrot seeds \Vuuld

be improved by I'I\U trcalmcnt, if the secds werc not over dricd ancr osmoconditioning.

According to Gray (19'J4) the germination time is reduced aner priming sceds

with polyethylene glycol (PEG) filr Impatiens, Salvia, Verbcna and Petunia.

A study conductcd hy Cavallaro el til. (19'J4) on tbe cflectsor osnloconditioning

with PEG 6000 on emergence characteristics of tomato (I.ycoper.licoll eselllelllllm MilL)

significantly dccreased the meantime of emergence (MTE).

2.1.5 Seedling abnorrnality

According to Armstrong and Donald (I 'J92), osmoconditioniug of soyahean sceds

with PEG without an intervening air drying treatment resultcd in normal seedling

development and increased plumule and radicle length and weight while soaking soyabean

seeds with water resulted in abnormal seedling dcvclopmcnt. Elcctrical conductivity of

osmoconditioned sceds increascd following air-drying.

Lui "I (/1. (1994) obscrved 1111I1 osmotic priming or tomalo ev. Moneynlllkcr secds

for 4 to 20 days using PEG 6000 improved the gcrmination rate slightly and incrcased root

length but had no sigriificant cffcct on pcreentagc germination. Wherc as hydro· priming

for longer periods resulted in abnormal seedlings. They explained that the visihle irtiury 10



the radicle which led tu abnurmal seedling develupmentollen uccurred upon dehydration

during enihryo growth where as this injury did notlll;cur wilh osmotic priming.

According tu Maude el al. (1994), all those priming treatments in leek seeds which

increased the effectiveness of priming using PEG 6000 caused increased numbers ur

abnormal seedlings after storage.

2.2 Errect of osmo"rimin~Oil hiochemical chllnll~ll~rs

2.2.2 Enzyme activity and protein

According to Bray el al. (1'18'1), dilTercnccs in germination perfurmances of leek

secds were reflected in diflclences in rnles or protein hiosynthesis of cmhryo tissllc dlllinl\

germination and osmopriming treatments aholished Ihese dillcrences and huthclIlIOIe

induced high levels of pillIein hiosynthesis in embryo tisslle.

According to Wang and Zhao (19'10) treatment with 20 per cenl PEO filf 48 h

markedly increased the vigour of soyabean seeds stored for one year, increased

germination percentage, germinatiun index, vigour index, acid phusphatase activity, AT\'

level and field emergence whereas electrical conductivity decreased giving similar values ,

to those of fresh seeds.

According tu Davison el al. (19'11), luss uf vlguur 1lI leek seed luts was

accompanied by the appearance of damaged ribosomal (r) RNA in quiescent embryu

tissue. Polyethylene glyeul usmupriming treatments or such luw vigour seed perrnilled

replacement uf the damaged r RNA over seven days priming period and such sceds

exhibited the CUIYdcity filr much higher levels of prolein synlhesis than IInprimed sceds al

equivalent stages of imbibition.

Davisun and Bray (1'1'11) identified that during usmupriming of leek several

polypeptides were synthesized at higher levels than during germination and 'also two

polypeptides whose synthesis appeared to he specific to germination.

According tu Vazquez el ul. (1991) loss of viability and viguur m maize cv.

Chalqueno was proposed due tu damage of DNA metabulism.
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Sino el al. (1992) opined ihat the beneficial eflects of priming tomato sceds on

seedling performance were associated with the action of replicative DNA synthetic

processes prior to gennination.

Bray el at. (1993) showed that osmopriming corrected the delects in the protein

and DNA synthetic activities of low vigour leek seeds lind perlnited replllCel1lCllt or

damaged rillllsomal RNA. A replicative ami repair type DNA synthesi.q occurs in hoth

nucleus and mitochondrion or Icek embryo tissue during priming and continues into

germination.

An investigation done hy I'ujikura cl ul. (1993 II) on the elrects or contlolled

deterioration and osmopriming on gennination showed that three types or changes in

protein synthesis (vigour related, osmopriming related ami aging related) were observed in

vivo labelling of radicle tips. One of the vigour related protein was found to be specilic to

processes preceding visible germination.

Zhang el af. (1993) reported that seed treatment of five soyabean cultivars with

polyethylene glycol decreased the lipoxygenease activity in the hypocotyl or seedlings and

increased thc hypocotyl protein content by 9.69 to 35.29 per ccnt. It was suggested that

the decrease in lipoxygenase activity was related to the increase in protein content.

Osmotic priming of aged (one year old) onion seeds of ev. Punjab Rcd ··48 in PliG

8000 on filter paper and incubation at 20 ± I"e in darkness lor three and five days showed

that it did not affect the percentage gennination but markedly improved the gennination

rate and also root and shoot growth. Surface dried primed seeds showed greater response

(Basra el al., 1994). They also concluded that priming induced invigoration of aged seeds

was related to enhanced aceumulalion of putrescine, spermidine and to a lesser extent of

spermine.

According to I{u .:1 al. (1995) pre treated seeds of mung beans (Viglla rae/ia/a) in

-1.6 MPa PEG 6000 solution for 20 h when germinated in20 ml of 15 per cent and 20 per

cent PEG 6000 at 28"C in the dark, shortened the time of seed imbibition, increased

germination rate in 20 per cent PEG solution, increased stability in hypocotyl cell

membranes, decreased electrolyte cxosmosis 'hun seeds, increased thc cootent or soluble

protein and activities of peroxidase, catalase and phenylalanine ammonia-lyase.



2.2.2 Leachate EC

Doijouc (1988) n:porleu thaI there was excessive leaching or soluhle sugms auu

free amino acius from ueterioratiilg tomato secus.

Pandey (1988) was of the opinion that pnmmg ageu I'hase"l"s v"'garis cv.

Selection - 9 seeus reuuceu leakage of electrolyte anu UV absorbing subslances anu

improveu the vigour of secus ageu for up to three years. The effect heing greatest on

seeds aged for' two years and ueclined thereafter. It is suggested that there exists a critical

stale of ueterioration beyonu which loss in viability cannot be restored.

According to Agrawal (1990) in orthodox seeds an increase in prolease activity

may be the resJXlnsible for decrease in activities of other enzymes uuring storage. Besides

leaching of water soluble sugars and leucine -14C inereaseu with seed ueterioration. lie

explained this due to membrane ueterioration uuring seeu storage. These ellllnges

preceded the loss in germination.

Normah and Chin (1991) reported that there was an increase m leachate

conductivity of rubber seeds as duration of storage increased. Loss of membrane intcgrity

was suggested as one of the causes of seed deterioration during storage.

Osmopriming soyabean seeds in 40 per cent polyethylene glycol (('EU) showed

that the vigour index was 28.1 to 35.7 which was' significantly higher than 14.0 in

untreated controls. The treatments significantly reduced water adsorption anu electrolyte

leakage (mainly soluble sugar and amino acids). The pre treatments were e1Teetive in

improving seed vigour only when the seed deterioration did not damage the repairing

system (Meng and Li, 1992).

Basra el at. (1994) were of the opinion that osmotic pnmmg of aged mllon

ev.Punjab Red -48 seeds with 25 per cent PEG 8000 for five days reduced electrolyte

leakage as well as lipid peroxidation in secus implying the activation of memhrane repair

processes. They also showeu that the responses 10 priming in tenns,or changes in lhe

levels of antioxidants and scavenging enzymes were greater in unaged than in aged seeds.

Ii
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Paula e/ al. (1'J<)4) studied the changes in electrolyte leaka!\e rrolll sllllllmvel "v.

Perudovik 5uhjeeted to dillcrent storing telllperntures. Significant correlations with

germination percentage were obtained for EC determination using one and two volls and

this technique was concluded as a good indicator of 105s of membrane integrity from

deteriorated seeds within a sunflower seed lot.

According to Trawatlm el "I. (1995), seed5 lois ;11' soyahcnns cvo' ('enllllY, I'crlllyrilc

and Pharoh stored at 2lJ, JlJ and 40"C, sampled pcriodically and Icsted for sced

germination and vigour showed (hat conductivity or seed leaehates increased ahout two

fold during storage for all eultivars.

2.2 .':ffcc! of osmopriming on cytological characll'rs

2.2.1 Mitotic studies and chromosomal ahcrrations

Results or ageing of isolated emhryos and endosperllls or durum wheal illdieared

that both aged embryos and endospcnns produccd lIlutagcnic suhstanccs eapahle of

inducing nuclenr dunlHge in the limn or ahemllit ana phases and chromalid nnd

chromosomc brcaks in thc radicle mcristcm, and agc induccd damagc in cmhryo was not a

consequence of endospenn aging (Floris and Anguillesi. I<J74).

Harrison and Perry (1976) reportcd that respiration ratc, dchydrogenasc and

diastase activitics or germinating detcriorated barley seeds were less than those of non

dcterioratcd and thc integrity of cell membrancs was affected. They also opined that the

principal site of deteriorution which affected seedling growth lay in the cmh,yo.

Mozaf'fari and Gahan (1978) reported that mitotic activity was found to deeline

with age in rout apices of maizes, pea and Viciajilha. Besides this there was higher levcls

ofspontancous chromosome aherrnlion on aging of the root apex.

Chauhan and Swami nathan (1984) reportcd that the progeny of aged sceds of

soyuhcan and harley showed II '"lIIked decrease in 'nitolie index nnt! ehlOlnOSOlnll)

aberrations of various types increased at both mitotisis and mciosis, rcsulting in a

significant foss of pollcn viability as the ageing advanced.
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The resulls of II research cOllducled hy I{oln (19116) on the li\~quen"y of

ehronlosome IIberrlltions in ('III,sic'lIlII 11/1//1//111/ I.. seeds scleeled 10 dilklenl IIging

treatments showed that the bighesl percentages of cells without aberrations were fllllT1d

with the least severe treulment, which ulso caused least loss in viability.

Rao and Roberts (19119) rcrlllrted that meiotic chromosomal abnormalities observed

in lelluee plants grown (rom aged seeds increased wilh decrease in viubilily of Ihe seed 101.

Univalents, fragments and a few cases of precocious segregation was observed at

metaphase I. Abnormalities f(lUnd at anaphases I and II included dicenllie hridges wilh or

without fragments, acentric fragments and lagging chromosomes and chromatids.

Gray 1'1 al. (1990})-eported that seeds of carrot, onion and leek when soaked in

water and in PEU 6000 solutions of nominal osmotic potentials of -0.5, -1.0, -1.5, -2.0,

-3.0 and -4.0 Ml'a for 2& days, he got linear relationship between response to priming and

seed moisture content of each species. Priming increased embryo vol ume by 43 per cent

and cell number per embryo by 100 per cent in carrots but had no effect in leek and onion.

Ashraf and Bray (1993) reported that constant low levels of DNA synthesis occur

on leek seed embryos during osmopriming treatment in polyethylene glycol. "ncr one

day of germination following priming, enlmneed levels of both replicative and repair Iype'

DNA synthesis was detected in nuclear and mito chondria in the absence of detectable cell

division.

Post storage humidification treatmenls conducted on pea cv. Kclvedon Wonder

showed that 16"C was the optimum temperature for the humidification of aged see~s.

There was generally a considerable decrease in each type of chromosomal aberration aner

humidification treatments, greatest reduction being observed in chromatid type aherrations

(Sivritepe and Dourado, 1994).

Dimitrov (1994) observed chromosomal aberrations on metaphase chromosomes in

the first and second mitosis of primary root cells from artificially aged seeds of ('r~l'i,~

c:ul'il/aris.

An investigation eonducled by Saracco 1'/111. (1995) on the influence of priming

induced nuclear replication activity on storahility of pepper (CaI'SiCIIIII (//1111/11111 L.) seeds

18



showcd that priming at - 1.1 Ml'a fi)r 10 days illduced allllosl 40 per cClltol" Illldei ill the

emhryo root tips to cntcr the synthelie phllse ol"lInclellr divisioll.

Aceording to (Jurcill /'1 ul. (1'1'15), osnwprilllillg IlIl1ize seeds ill 1'1 '.( i (,000 III

-1.7 MPa improved germinability when osmotic agent was removed. i\l lhe biochemical

level, elllbryo liKes (hllll osmoillillied seeds eOllld illclIIpolllte IlIeclIIso" illto 1111 lillee

types of macro molecules (DNA, RNA alld proteins)' which illduced synthesis at IIIl1ch

highcr levels. Mitolic Iigliles IIppellred severnl hOlliS emlier in gellllinllled osmoillillled

root tisslles IIl11n ill IICIII osnll1plilll..d tisslles.

AIll,illll 01" IClllllllo ''''c'd'i kV,1 ,1'1 kll) Ir~lIIl1c',( ill 11 sillllil1l'l1l1l .1""11'11'''' ill ''''".I

11 1111111 V M I!Yill/'1I1'l'd I,v .h','II'I1Sl'S III 1111111 1l"'lIlllll1lillll,I"'""'lIll1lll'"1' "'"1"111 "I','dIIIlUs III1lI

1111' 11111 fOil 1111 V 01 1l"llIllollllolI ('Ylol"IlII'I1II1II1.lvsls shIlIYl',III,"1 ,1.'1""11"" III s,"'d «lIl1lilY

hy II III Ill! "01l111111e-1i lVi'1i wllh 110.. 1111'1"11"" III (l1111'C-IIII11'," 11111'1111111101111'1111"" 11111", 10111 lipS

ol"th" sOI'dlinl!' (Villi ,'I ul., I"'J~)

A(',eoillillllio :-iivlill'(l1l 111111 I I. 1111 lido (IC,I)'I, 1"1,,1 IIlcIIIII'''' pliIOilll', 111'111011'11111 111

16"C with PEO 1l000(-0.5, -1.0 lind -1.2 Ml'lI) (()r .1, '\ lind 7 dllys illcrcnsed Iinnl

gellnilllltion and decreased lhe lIIelln gelinilllltion (ime 1I1ll1 the I"leqllellcy 01" IIge indllced

lhll IIII Il", Tlmy IIlso NIll',P."sl,,,1 110111 lh.. "I ili"111 IIlOisllll" ('01111'111 11'"1 11I1'i1illlh'~1 II'plli, 01"

ehrolllosomlli dllmllge ill pell seeds is likely to he hetwccn 32 lind 46 per cenl.

Van el ul, (1996) reported that osmopriming tomalo seeds slrongly increased the

percentage of nuclei wilh replicaled DNA in the embryonic rool tip, indicating initintion of

the cell cycle and progression towards the O2 phase.

Bino el ClI. ()'1'16) fi)und timl durillg imbihilioll 01" (,,"mlo sceds in 1'1,:0 solution

there was an increase in cells entering in the synlhetic phase of nuclear division leading to

doubling of the chromosomal material.

Coello lind Ramos (1'1'16) inl"erred that during the germination 01" nrtilicinlly

delerioraled lIIaizc embryo lI.XCS, lolnl DNA polymerase activity declellsed by moond

50 per cent when compared with activity in non-deteriorated axes. This decrease m

activity was related to protein degradation during germination,

19

.'



1.1lI11eri "I ,,/. (1997.) o"sel ved Ihnl oSlIloprilllillg 1 '''1'.1'/('//1/1 1/1111////111 seeds Oil Iiller

paper welled with PEG 6000 lilr one to two weeks in the dark consitleruhly rcduced

germination time without affecting germ illation percentagc. They opincd Ihat improved

seed performance following osmopriming may be partially correlated with Ihe activity or

replicative DNA synthctic proccsscs.

Lanlcri el u/. (1<)%) studicd thc cncct or oSllloconditioning wilh I'EU 6000

solution at osmotic polential -1.1 and -1.5 MPa on agcd damaged sccds or capsicum cv.

Como di Tom ror 6, 10 and 14 days. The effcct of oSllloconditioning on gcrmination or

aged seeds depended on the degree of seed deterioration. The activation or under

replication by osmoconditiolling appeared to be innuenced by the level or seed

deterioration.
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MATlmlALS AN/) MKI'IIO/)S

The experiment dcsigncd In fiilfill the nlljl'clivcs sct in '( 'ytnlngil'nl nnd

hiochcmical changcs in agcd and osmoprimcd sceds of chilli (CUpSic;WII 1111111/11111 L.) was

conducted during the yenr 19lJ7 to 19911 in thc Department nf Planl Breeding lind (Jenel ics.

College of Ilorticulture. Vellanikkara.

3.1 Materials

3.1.1 Plant material and chemicals

The seeds of chilli (CapsicuIII mlllllm L.) varieties Jwalasakhi and Ujwala

purchased from College of Agriculture, Vellayani and Collegc of Ilorticu\(urc,

Vellanikkara rcspcctively wcre uscd for this study. Thc sceds wcrc kept uudcr amhient

storage conditions in 250 gnuge pnlylhene cover. The impllltnnt dclnils nfthe v/llietics llIe

gi ven here under.
,

highly pungent, erecl, borne in

clusters, 9 to 10 fruits per cluster,

chnfllclerised by high oleoresin

content (24 %)

College of Horticulture,

Vellanikkara, Kerala Agricultural

University

Introduction from Jnpanese

material

CA 219

I Jjwala

pot rcsislant to bactcrial wilt

--,----_."

Fcntures Jwalasakhi

Parentage Selection frum the cruss

Vellanochi x I'usa Jwala,

. -- - ~---_ •._-
Ccntre of Collcge of Agriculture,

release Vellayani, Kerala Agricultural

University
--- - - - --_.__ . -_.-

Fruit sulphury green, long succulent

characterisitcs fruits

------- - - --

Resislance to tolerantlo lillie Icafand leafs

diseases discases.
...



The chemicals used f()r oSll1opriming trealments include polyethylcnc glycol (,()(I()

and sudium chluridc.

3.1.2 E'luipll1cnts uscd
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I. Digital conductivity meter

II. Spectrophutumetcr

iii. BOD incubator

iv. Ordinary microscope

v. Microscupe

3.1.3 Treatmcnts

CM - 180, Elico I'vl. LId.

Mini spec, SL 171, Elicu I'vl. LId.

NSW India, Narang Scicntific wurks I'vl. LId..

Ernstl.ei\7. Wctzlar

Leitz B10MED

At each month 74 trealrncnt combination comprising facturial combinations uf two

varieties, two chcmicals, lilur conccntrations and four durations werc tricd conlinucd uplo

lcnll1unlhs. The cuntroltrcalmenls includc untrealed and distillcd watcr lreated sccds.

'-'~"-'-'------_.--'-'---" ~-

SI. Nu. Facturs Levels Cude
-----.' -~-

(i) Variety (a) Jwalasakhi VI

(b) lJjwala V2

(ii) Chemical (a) Polyethylene glycol (PEG - 6000) H2o ,
(b) Sodium chloride (Na CI) 1/1

(iii) Cunccntratiun (a) -1.00 Ml'a C J

(h) -1.50 Ml'a C2

(c) -1.75 Ml'a C.1

(d) -2.00 Ml'a C4

(iv) Duration (a)12hr OJ

(b) 24 br 1)2

(c) 36 hr 0.1

(d) 4R hr 1)4
_ ..._-------_.---_ .... -- .



Chilli plalll vaL .Iwalnsakhi

2 Chilli plalll var. Ujwala

"





3.1.4 Design

The experiment was conducted in Completely Randomised Design wilh three

replications.

3.2 Methodology

3.2.1 Seed Osmopriming

Random samples were drawn from the seedlots at monthly interval upto 10

months of storage and subjected to osmopriming treatments. Seed priming was carried

oul on filler paper welled with I'I'J 16000 and Na CI al osmotic polentinls 1.0 Mln. -1.5 ,

MPa, -1.75 Ml'a and -2.0 Ml'a for durations 12,24,36 and 48 hours respectively at 20"e.

The concentrations of PEG 6000 was calculated according to Michel and Kaufmann

(1973) and Na CI according to lIillel (1980). Aller priming seeds were washed with

running tap water to remove Ihe osmotic agent and surface dried. The osmoprimed seeds

were tested for various seed qual ity parameters.

3.3 Observations

3.3. I Seed and seedling characters

(i) Germination percentage

A tolal number of 3 x 25 osmoprimed seeds selected at random were placed In

sterilized sand medium and allowed to germinate under ambient conditions. The seedlings

were watered daily. The seedlings were evaluated on the fourteenth day aller sowing

(final count day) and the total number of seedlings were recorded. The mean number of

seedlings were recorded. The mean number of seedlings produced to the total number of

seeds sown was expressed as germination percentage.

(ii) Root length of seedling

At the end of the gerrninalion test period i.e. on the final count day, five normal

seedlings were earefulli uprooted at random from thc tcst sample and measured the root

Icngth and cmnputed the mean. The Icngth betwecn collar and tip of the rool was

measured as root length and expressed in centimctcr (ern).

;.~ 3
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(iii) Shoollenglh of seedling

From Ihe sample after measuring root lenglh, Ihe lenglh hetween collar and tip of

the leaf was measured in centimeter and the mean value was recorded as shoot length.

(iv) Root / shool ratio

II is calculated as the ratio of mean root length 10 the shoot length.

(v) Uniformity in germination

Treatments recording 50 per cent germination on the seventh day (first count day)

after sowing were considered as uni form.

(vi)Vigour index of seedling

Vigour index was computed adapting the following formula (Ahdul - Raki and

Anderson, 1970).

Vigour index ~ Germination percentage x Mean length of seedling

where, I,englh of seedling = root length ., shoot length

(v) Seedling ahnorrnalities

Seedlings lacking thl: essl:nlial structures like well developl:d and intact root

syslem, hypucolyl, plumule and une or two cotyledons according to the species are

abnormal seedlings (ISTA, 1985).

The percl:ntage of ahnurrnal sl:edlings arc expressed as percentage hy numher of

tUlal seedlings. The percentage calculated tu the ( normal) nearest wholl: numher.

3.3.2 Biochemical aspects

(i) Ikhydrngellase enzyme aClivity

Dehydrogenase activity was measured as per the procedure suggested hy Kittock

and Law ( 19116). Threl: replicates uf 20 seeds were suaked in distilled water overnight to

alluw imhihition. The seeds were cut longitudinally on next day and placed in 10 m!. of

0.5 per eenl telrazolium solution taken in a petridish (lr (IUr hours for the development of



red coloured fonnazan. The excess tetrazoliull1 solution was decanted am] lhe seeds wCle

washed thoroughly with distilled watcr. Red coloured formazan was extractcd using 20llli

methyl eellosolve (2 - IlIcthoxycthanol) hy soaking the colyledons I()r 22 hours unlil thc

cotyledons became colourless. The red coloured methyl eellosolve extract was made uplo

20 ml and absorbance was read at 480 nm using spectrophotometer (Mini spec. SI, 171)

(ii) Estimation ofprotcin

Protein content of osmoprimed seeds was estimated by Lowry's method (Lowry

el al., 1951)

Reagents

A. 2 % sodium carbonate in O. I N sodium hydroxide

B. 0.5 % copper sulphate in I % potassium sodium tartrate

C. Alkaline copper solution: Mixed 50 ml A and I 1111 Il prior to use

D. Folin - ciocalteau Reagent

Protein solution

Weighed accurately 50 mg hovine serum alhumin, dissolved in distilled water and

made upto 50 ml in a standard flask.

Working standard

Diluted 10 ml of the stock solution to 50 ml with distilled water in a standard flask

One ml of this solution contains 200 ~g protein.

Seed extract

Seeu (0.) g) was exlrucled Witll 10 IIII or extraction hnrrcr (pi I 7) hy grinding in a

precooled mortar and pestle. The hOlllogenised material was centrifuged at Il!OOO rpm l(n

15 minutes. The supernatent solution was used for lhe eSlimation of prole in.

25



Proccdun:

I'ipelled oul 02, 0.4, (Ui, O.R Ilnd I mlof working slandard solutions into Il series

of lest luhes und O.! mland 0.2 ml of the sample extrael in two other test tubes. Made up

the vollllue 10 I ml wilh distilled water in all the test tubes. A tube with one ml. of water

served as the hlank. Added 5 ml of reagent C to each tube including blank, mixed well

and allowed 10 stand lor 10 minutes. Then added 0.5 ml of reagertt and mixed well and

. kept Illr 30 minutes at room temperature in dark. The blue colour which developed was

read at 660 nm in spectrophotometer. A standard graph was drawn by ploUing the OD

values against con<tentration. The amount of protein in the sample was calculated from the

standard graph and expressed as mg per g sample.

(iii) Electrical conductivity of seed leachate

Elt:ctrical conductivity of seed leachate was measured by the method suggested by

(presley, 1958). Three replicates of twenly live seeds were taken and washed with

distilled water 10 remove all dirt, soil or chemicals. The seeds were soakcd in 20 ml of

distilled water for four hours by stirring the contents occasionally. The seed leachate was

deeanled and seeds were repeatedly washed with distilled water. The extract was pooled

liltered and made up to 50 ml with distilled water. The electrical conductivity of seed

leachate was measured using a digital conductivity meter. The electrical conductivity of

seed leachate was expresscd in mmhos cm- I
.

3.3.3 Cytological studies

Milolie studies of the two chilli varielies were carried out using root tip squash

method.

r.
(i) Fixation

The fIIots of gerrninaliug chilli seeds were excised between 10 to 10.15 a.m. The

tip of roots were white in colour.' The roots were hlotled between folds of filter paper and

lixed in the fixativc for 24 hours. The lixed material was stored in refrigerator.

Curnoy's lIuid was used llir lixing chilli fIIotS. This was prepared hy mixing one

pari of glacial acetic acid, 3 parts chioroillfln and 6 parts ethyl alcohol.
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(ii) Staining

The Iixed roots were thoroughly washed in running water to remove traces of

fixative. After washing, lhe roots were hlotted hetwccn folds of IiIter paper. They were

lhcn hydrolyscd using I. N IICI at 60°C lilr six 10 seven minutes in a waleI' hath. The

hydrolysed roots were washed with three to lilllr changes of water in a petridish. Washed

" nUlls were hloltcd helween lillds of filter paper and staincd.

Acetocarmine two per cent was used lilr the mitotic studies in the present

investigation. The stain was prepared by heating 100 ml of 45 per cent acetic acid in a

conical flask until boiling. Then two grams of carmine powder was added to it with

constant stirring. Boiling was continued for two to three minutes until the dye got

dissolved and the colour changed to grape red. The stain was cooled at room temperature,

fillered and stored in a glass stoppered bottle (Shanna and Sharma, 1980).

(iii) Slide preparation

After staining, the root tips were taken out from the stain and put on a slide along

wilh II dmp of sIll in. Thc lip pori ion with high mcristemlltic lIctivily which altaincd

charucteristic magenta colour was collected and the remaining portion was discarded. A

. cover slip was placed carefully over the root tip avoiding air bubbles. Gentle tapping was

done ovcr the cover slip using the hlunt end ofa glass rod. Then it was put hetween folds

of tilter paper and hand pressed using index finger. After pressing, the slide was warmed

slightly over a spirit lamp and allowed to cool. Alternate warming and cooling was

repealed three to Ibur times. Again, the slide was placed between thick lolds of IiIter

paper and hand pressed. The slides thus prepared were sealed with nailpolish to prevent

cnlry of air bubbles and mitotic cells were examined. Microphotograps were taken using

l.<:itt.1l10MED Illicroscop, with automatic photoconlrol unit, WII.D MI'S 28.

(iv) Mitotic index

Two to three random lields from each slide were scanned for scoring dividing and

nondividing cells in all the treatments and controls. The dividing cells included those

showing any stage of cell division, such as prophase, mctaphase, anaphase and telophase.

Mitotic index was calculated using the formula,



Mitoti~ index (MI)= Numher of dividing cells

Tolul numher of cells scored

(v) Scoring of chromosorna I aherralions

x 100
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The slides prepared from the root tips of the treated and control experiments were

scanned lhorouglily lor various lypes ofahnormalities in different stages of cell division.

3.4 Shllisticnlnnnlysis

Slatistical analysis of the data was done 111 compuler using MSTATC

package in factorial completely randomised design.
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RIo:SIILTS

Thl' n.:sults ohtained in the present investigation "Cytological and biochemical

changes in aged and osmoprimed seeds of chilli (CapsiculIl mlnuum L.)" are given below

in various sections.

4.1 Seedling characters

4.1.1 Germination percentage

The mean data on germination percentage in chilli varieties Jwalasakhi and Ujwala

are given in Table la and lb.

II is dearly evident Ihllll the uverall ml'an values for gl'rmination that in the

.absolute control where no treatment were given to the seeds the gennination per cent

drastically rcduc..:d to 52 nr helow from third month onwards and seeds not at all

germinated d~ring ninth and tl'nth month. This elrect was appreciably reduced by

osmopriming in general.

When seeds were treated with water the gennination per cent could be improved

considerably over absolute control, even the seeds genninated to the tune of 13 per cent

(Jwalasakhi) lind 20 per cent (lJjwala) in the ninth month and 12 per cent (Jwalasakhi) and

In pcr cenl (I Jjwala) in the tcnth month. Further morc than 50 per cent germination could

hl' IIchil'ved up to lilurth month. In genl'ral 12 hour water treatment is sufficient for the

variety Jwalasakhi while 36 to 48 hour treatment was found to be beller in case ofUjwala.

Application of chemicals specifically sodium chloride was found to be tbe heller in

improving germination of th..: s..:eds at various months OVl'r that of water treatment.

Interestingly germination could be retained more than 50 per 'cent up to tenth month of

storage dul' to chemical treatmcnts at variable concentrations.

The main effects of variety, chemical, concentration, duration of treatment and

period of stnrage on germination are given in Table 2

Variety I Jjwala showcd significantly highcr g..:rmination per ccnt (58.54) than the

variety Jwalasakhi (55.31). The chemical sodium chloride significantly improved

gCllllinution pcr ceut (59.10) compared 10 PEO (54.75). The concentration of the

cheulicals tried i.e. -1.0 MPa, -1.5 MPa, -1.75 MPa and -2.00 MPa imparted significant
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Table 1b. tffecl of osmopriming on germination percentage in chilli variety Ujwala

Months after storage
Treatments

0 1 2 3 4 5 6 7 6 9 10

V,H,C,D, 92.00 6933 62.00 64.00 62.67 57.33 46.67 4400 36.00 33.33 24.00

V,H,C,D, 6267 7667 74.67 62.67 56.00 56.00 50.67 46.67 40.00 46.00 33.33

V,H,C,D, 90.67 66.00 76.00 66.67 64.00 61.33 61.33 54.67 45.33 37.33 36.00

V,H,C,D4 61,33 77.33 66.00 64.00 56.67 57.33 57.33 50.67 49.33 46.00 42.67

V,H,C,D, 62.67 76.00 70.67 62.67 56.00 49.33 44.00 46.67 44.00 46.67 50.67

V,H,C,D, 96.67 92.00 62.67 72.00 62.67 53.33 53.33 46.67 45.33 45.33 45.33

V,H,C,D, 97.33 92.00 65.33 65.33 60.00 54.67 49.33 50.67 53.33 36.00 30.67

V,H,C,D4 94.67 69.33 77.33 70.67 65.33 60.00 56.67 56.00 56.00 52.00 52.00

V,H,C,D, 93.33 69.33 81.33 72.00 64.00 60.00 58.67 57.33 65.33 52.00 49.33

V,H,C,D, 88.00 82.67 73.33 65.33 62.67 64.00 52.00 48.00 36.00 37.33 30.67

V,H,C,D, 66.67 81.33 76.00 64.00 57.33 49.33 50.67 50.67 50.67 44.00 44.00

V,H,C,D4 90.67 89.33 62.67 76.00 64.00 70.67 64.00 56.00 65.33 56.00 46.67

V,H,C4D, 89.33 81.33 69.33 62.67 57.33 52.00 53.33 49.33 52.00 44.00 37.33

V,H,C 4D, 86.67 86.67 81.33 64.00 60.00 56.00 52.00 50.67 52.00 42.67 37.33

V,H,C4D, 82.67 78.67 70.67 64.00 60.00 50.67 53.33 48.00 49.33 44.00 42.67

V,H,C.D4 84.00 80.00 72.00 66.67 60.00 50.67 50.67 48.00 42.67 44.00 42.67

V,H,C,D, 88.00 82.67 72.00 62.67 52.00 53.33 49.33 46.00 11.00 40.00 36.00

"V,H,C,D, 88.00 84.00 6800 61.33 54.67 50.67 49.33 44.00 38.67 40.00 36,00

V,H,C,DJ 86.00 78.67 72.00 61.33 56.67 52.00 48.00 46.67 45.33 44.00 42.67

V,H,C,D4 66.00 84.00 81.33 73.33 69.33 65.33 56.00 52.00 45.33 44.00 30.67

V,H,C,D, 96.00 93.33 89.33 72.00 61.33 50.67 53.33 52.00 50.67 42.67 33.33

V,H,C,D2 93.33 85.33 76.00 66.67 57.33 48.00 46.00 46.67 38.67 42.67 20.67

V,H,C,D, 90.67 86.00 61.33 66.00 57.33 52.00 50.67 50.67 45.33 44.00 45.33

V2H,C,D4 64.00 74.67 65.33 56.67 56.00 45.33 49.33 50.67 48.00 56.00 45.33

V,H,C,D, 8267 82.67 70.67 6533 54.67 49.33 49.33 46.67 41.33 33.33 25.33

V,H,C,D, 92.00 92.00 76.67 6800 53.33 52.00 49.33 50.67 49.33 37.33 29.33

V,H,C,D, 76.00 72.00 61.33 54.67 49.33 46.67 44.00 40.00 34.67 36.00 0.00

V,H,C,D 4 88.00 88.00 72.00 64.00 64.00 65.33 52.00 46.67 46.67 44.00 26.00

V,H,C.D, BB 00 81.33 69.33 65.33 56.00 49.33 4fl 00 50.67 45.33 44.00 37.33

V,II,C.' ), 8667 61.33 64.00 60.00 56.00 54.67 48.00 46.67 46.67 36.00 20.00

V,H2C.D, 77.33 64.00 56.00 52.00 48.00 46.00 38.67 32.00 32.67 26.67 20.00

V,H,C.D. 8800 84.00 78.67 6533 56.67 49.33 50.67 4667 46.67 32.00 25.33

V,o 82.67 78.67 49.33 34.67 33.33 26.00 16.00 4.00 2.67 0.00 0.00

V,WD, 86.67 85.33 64.00 56.00 52.00 52.00 44.00 36.00 18.67 20.00 16.00
V,WD, 93.33 9067 68.00 5200 4400 29.33 3067 2800 26.67 9.33 8.00
V,WD, 92.00 8933 64.00 62.67 52.00 37.33 3867 25.33 29.33 9.33 5.33

V,WD. 96.00 94.67 69.33 54.67 53.33 46.67 46.67 42.67 28.00 9.33 13.33
CD 797 1014 7.96 10.22 8.35 9.90 7.72 744 8.85 11.82 9.88



Table 2 Main effects of Variely, Chemical, Concentration, Duration and Period of storage
on germination, vigour index and rool shoal ratio

a. Variety

Variety Germination Vigour index
Root shoot

ratio
V, 55.31 36626 0341

V2 58.54 413.23 0.332

CD 0.60 3.81 0.005

b. Chemical

Chemical Germination Vigour index
Root shoot

ralio
H, 59.10 395.58 0.341

H2 54.75 383.92 0.333

CD 0.60 3.81 0.003

c. Concentration

Concentration Germination Vigour index
Root shoot

ratio
C, 56.20 383.73 0.326

C2 58.43 397.77 0.332

C3 57.85 396.52 0.339

C. 55.25 381.09 0.350
CD 0.69 5.39 0.005

d. Duration

Duration Germination Vigour index
Rool shoot

ratio
0, 57.23 390.12 . 0.336

O2 56.35 387.84 0.334

0 3 55.61 382.97 0.336

D. 58.54 398.18 0.341
CD 0.69 5.39 0.005

e. Period of storage

Month Germination Vigour index
Root shoot

ratio
Mo 85.15 687.16 0.378

M, 79.28 611.20 0.360

'- M2 71.45 533.48 0.355

M3 62.53 448.27 0.333

M. . 57.56 3!J8 112 0335

Ms 53.75 354.46 0.330

M. 51.00 324.75 0.328

M, 48.35 294.52 0.318

Mu 44.80 25!J.31 0.339

Mu 40.45 218.68 0.317

MID 31.89 158.56 0307
CO 0.97713 0945 0008
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Table 3a Effect of osmopriming on uniformity in germination (%) in chilli variety Jwalasakhi

0 :: 3 4 5 6 7 8 9 10
Treatments

7 day 14 day 7 day 14 day 7 day 1. day 7 day 14 day 7 day ,. da) 7 day 14 day .7 day 14 day 7 day 14 day 7 day ,. day 7 day ,. day 7 day 14 day

V,H,C.D· 85.67 85.67 80.67 80.67 72.00 nOD 62.00 62.00 46.67 46.67 73.33 73.33 42.67 42.67 36.00 36.00 30.67 30.67 36.00 36.00 32.00 32.00

V.H,C,D: 81.33 81.33 77.33 77.33 68.00 68.00 58.67 58.67 48.00 48.0: 34.67 34.67 45.33 45.33 36.00 36.00 33.33 33.33 37.33 37.32. 32.00 32.00

V,H.C,D, 81.33 81.33 72.00 noD 62.67 62.67 49.33 49.33 53.33 53.~ 57.33 57.33 46.67 46.67 45.33 45.33 42.67 42.67 37.33 37.33 40.00 40.00

V.H,C,D, 84.00 84.00 77.33 77.33 77.33 77.33 84.00 64.00 72.00 72.0: 68.00 66.00 61.33 61.33 60.00 60.00 44.00 44.00 54.67 54.67 46.67 46.67

V.H,C,D. 77.33 77.33 69.33 69.33 68.00 68.00 54.67 54.67 58.67 58.6i 49.33 49.33 53.33 53.33 48.00 48.00 44.00 44.00 48.00 48.00 50.67 50.67

V,H,C,D: 82.67 82.67 78.67 78.67 80.00 80.00 64.00 64.00 80.00 60.00 52.00 52.00 57.33 57.33 57.33 57.33 58.67 58.67 44.00 44.00 22.67 22.67

V,H,C,o, 82.67 82.67 77.33 77.33 72.00 noD 68.00 68.00 61.33 61.33 60.00 60.00 58.67 58.67 54.67 54.67 46.67 46.67 40.00 40.00 32.00 32.00

V.H.C,D, 80.00 80.00 74.67 74.67 72.00 noD 62.67 62.67 54.67 54.67 46.67 46.67 54.67 54.67 53.33 53.33 53.33 53.33 36.00 36.00 42.57 42.67

V,H.C,D. 78.67 76.67 74.67 . 74.67 72.00 noD 58.67 58.67 58.00 58.00 53.33 53.33 53.33 53.33 48.00 48.00 49.33 49.33 53.33 53.33 48.00 48.00

V.H,C,D: 85.33 85.33 81.33 81.33 73.33 73.33 62.67 62.67 60.00 60.00 58.00 58.00 49.33 49.33 57.33 57.33 60.00 60.00 45.33 45.33 33.33 33.33

V,H,C,o, 81.33 81.33 76.00 76.00 76.00 76.00 73.33 73.33 64.00 64.00 57.33 57.33 52.00 52.00 50.67 50.67 48.00 48.00 50.67 50.67 50.67 50.67

V.H,C,D, 80.00 80.00 72.00 noD 65.33 65.33 57.33 57.33 57.33 57.33 42.67 42.67 48.00 48.00 48.00 48.00 46.67 46.67 37.33 37.33 37.33 37.33

V,H.C,D· 86.67 85.67 74.67 74.67 77.33 77.33 78.67 78.67 69.33 69.33 68.00 68.00 65.33 65.33 60.00 60.00 50.67 50.67 52.00 52.00 49.33 49.33
V,H.C,D: 76.00 76.00 61.33 61.33 53.33 53.33 53.33 53.33 52.00 52.00 58.67 58.67 48.00 48.00 41.33 41.33 41.33 41.33 36.00 36.00 25.33 25.33
V,H.C,D, 81.33 81.33 70.67 70.67 56.00 58.00 57.33 57.33 52.00 52.00 52.00 52.00 48.00 48.00 50.67 50.67 56.00 56.00 44.00 44.00 42.67 42.67

V.H.CID.: 85.33 85.33 81.33 81.33 68.00 68.00 49.33 49.33 57.33 57.33 45.33 45.33 50.67 50.67 40.00 40.00 48.00 48.00 48.00 46.00 38.67 36.67

V.H:C,D· 92.00 92.00 89.33 89.33 76.00 76.00 68.00 68.00 62.67 62.67 65.33 65.33 62.67 62.67 56.00 56.00 49.33 49.33 33.33 33.33 29.33 29.33

v·H:!C.0: 81.33 81.33 77.33 77.33 72.00 72.00 58.67 5S.67 64.00 64.00 48.00 48.00 52.00 52.00 49.33 49.33 32.00 32.00 26.67 26.67 10.67 10.67

V.H:C.D: 78.67 7S.67 72.00 72.00 68.00 68.00 54.67 54.67 53.33 53.33 46.67 46.67 45.33 45.33 44.00 44.00 42.67 42.67 46.67 46.67 48.00 48.00

V.H:C,D" 80.00 80.00 65.33 65.33 54.67 54.67 48.00 48.00 48.67 46.67 38.67 38.67 33.33 33.33 37.33 37.33 37.33 37.33 33.33 33.33 26.00 29.00
V,H:C,O, 76.00 76.00 56.67 66.67 58.67 58.67 56.00 56.00 48.00 48.00 52.00 52.00 41.33 41.33 . 32.00 32.00 29.33 29.33 20.67 20.67 19.00 19.00
V,H:c,D: 89.33 8933 82.67 82.67 65.33 65.33 54.67 54.67 60.00 60.00 57.33 57.33 53.33 53.33 52.00 52.00 48.67 46.67 34.67 34.67 24.00 24.00
V.H:C,O, 85.33 85.33 74.67 74.67 68.00 68.00 57.33 57.33 60.00 60.00 61.33 61.33 54.67 54.67 54.67 54.67 44.00 44.00 38.67 38.67 10.67 10.67
V.H:C,O, 64.00 84.00 80.00 80.00 70.67 70.67 62.67 62.67 60.00 60.00 56.00 56.00 57.33 57.33 53.33 53.33 54.67 64.67 54.67 54.67 49.33 49.33
V.H,C,O, 81.33 81.33 77.33 77.33 64.00 64.00 57.33 57.33 50.67 50.67 46.67 46.67 50.67 50.67 49.33 49.33 50.67 50.67 38.00 36.00 21.33 21.33
V,H:c,D: 80.00 80.00 72.00 72.00 56.67 66.67 60.00 60.00 56.00 56.00 49.33 49.33 52.00 62.00 46.67 46.67 38.67 38.67 38.67 38.67 24.00 24.00
V,H:c,o, 78.67 78.67 76.00 76.00 56.67 66.67 64.00 64.00 54.67 54.67 52.00 52.00 50.67 50.67 48.00 48.00 46.67 46.67 40.00 40.00 33.33 33.33
V1H~~DI 85.33 85.33 77.33 77.33 70.67 70.67 64.00 64.00 52.00 52.00 62.00 52.00 52.00 52.00 48.00 48.00 44.00 44.00 34.67 34.67 13.33 13.33
V,H,C,O. 85.33 85.33 73.33 73.33 69.33 69.33 60.00 60.00 62.00 52.00 48.00 48.00 46.67 46.67 46.67 46.67 45.33 45.33 32.00 32.00 20.00 20.00
V.H:C,o, 80.00 80.00 73.33 73.33 68.00 66.00 61.33 61.33 61.33 61.33 65.33 65.33 52.00 52.00 49.33 49.33 46.67 46.67 32.00 32.00 6.67 6.67
V,H,C,o, 80.00 80.00 72.00 72.00 69.33 69.33 60.00 60.00 50.67 50.67 37.33 37.33 38.67 38.67 40.00 40.00 36.00 36.00 28.00 28.00 16.00 16.00
V.H:CID.c 85.33 85.33 77.33 77.33 72.00 72.00 60.00 60.00 52.00 52.00 54.67 54.67 46.67 46.67 46.67 46.67 50.67 50.67 33.33 33.33 26.33 29.33
V,O 41.33 81.33 37.33 76.00 22.67 52.00 14.67 40.00 13.33 38.67 13.33 40.00 13.33 25.33 6.67 21.33 10.00 16.00 0.00 0.00 0.00 0.00
V.WO, 46.67 89.33 45.33 85.67 29.33 65.33 20.00 56.00 14.67 52.00 18.67 42.67 12.00 42.67 6.67 37.33 5.30 28.00 3.00 13.33

W
0.33 12.00 W

V.Wo, 41.33 78.67 40.00 70.67 29.33 57.33 22.67 48.00 12.00 38.67 8.00 28.00 12.00 33.33 4.00 25.33 3.00 24.00 2.00 10.67 0.00 0.00
V.WO, 44.00 82.67 41.33 77.33 30.67 68.00 24.00 56.00 17.33 49.33 13.33 48.00 10.60 36.00 6.67 24.00 4.33 14.67 2.00 8.00 0.33 6.00
V,WO, 42.67 80.00 37.33 74.67 29.33 64.00 20.00 46.67 18.67 44.00 18.67 41.33 37.30 33.33 5.30 20.00 2.00 12.00 1.60 8.00 0.33 8.00 ()J,..



Table 3b. Effect of osmooriming on uniformity in germination (%) in chilli variety Ujwala

0 2 3 4 5 6 i 6 9 10
Treatmen:s

14 day i day 7 dayj aay 14 day 7 day "cay ioay 14 oay i day '4 cay 7 day 14 day 7 day 14 day i day 14 day 7 day 14 oay 14 day 7 day 14 day

V.H,C 1D1 92.00 92.00 89.33 as.3:; 62.00 62.00 64.00 64.00 62.67 62.67 57.33 57.33 46.67 46.67 44.00 44.00 36.00 36.00 33.33 33.33 24.00 24.00

.V,H1Cl~ 62.67 62.67 76.67 76.67 74.67 74.67 62.67 62.67 66.00 56.00 56.00 56.00 50.67 50.67 46.67 46.67 40.00 40.00 46.00 48.00 33.33 33.33

V,H,C,D, 90.67 90.67 88.00 88.00 76.00 76.00 66.67 66.67 64.00 64.00 61.33 61.33 61.33 61.33 54.67 54.67 45.33 45.33 37.33 37.33 16.00 16.00

V2H~C1D~ 81.33 81.33 77.33 ii.33 68.00 68.00 64.00 64.00 58.67 58.67 57.33 57.33 57.33 67.33 50.67 50.67 49.33 49.33 48.00 48'.00 42.67 42.67

V,H,C,D, 82.67 82.67 76.00 76.00 70.67 70.67 62.6i 62.67 66.00 66.00 49.33 49.33 44.00 44.00 46.67 46.67 44.00 44.00 46.67 46.67 50.67 50.67

V2H,~D: 98.67 98.67 92.00 92.00 62.67 82.67 72.00 72.00 62.67 62.67 53.33 53.33 53.33 53.33 46.67 46.67 45.33 45.33 45.33 45.33 45.33 45.33

V2H1C2D~ 97.33 97.33 92.00 92.00 85.33 85.33 65.33 65.33 60.00 60.00 . 54.67 54.67 49.33 49.33 50.67 50.67 53.33 53.33 36.00 36.00 30.67 30.67

V,H,e,o, 94.67 94.67 89.33 89.33 77.33 77.33 70.67 70.67 65.33 65.33 60.00 60.00 58.67 58.67 56.00 66.00 66.00 66.00 52.00 52.00 52.00 52.00

V2H~~D, 93.33 93.33 89.33 89.33 81.33 81.33 n.ae 72.00 64.00 64.00 60.00 60.00 58.67 58.67 57.33 57.33 65.33 65.33 52.00 52.00 49.33 49.33

V,H,C,D: 88.00 88.00 82.67 . 62.67 73.33 73.33 65.33 65.33 62.67 62.67 64.00 64.00 52.00 52.00 46.00 48.00 36.00 36.00 37.33 37.33 30.67 30.67

V,H,C,o, 66.67 66.67 81.33 81.33 76.00 76.00 64.00 64.00 57.33 57.33 49.33 49.33 50.67 50.67 50.67 50.67 50.67 50.67 44.00 44.00 44.00 44.00

V,H1C:D.t 00.67 90.67 89.33 89.33 62.67 62.67 76.00 76.00 64.00 64.00 70.67 70.67 64.00 64.00 66.00 66.00 65.33 65.33 66.00 56.00 46.67 46.67
V2H~C..D. 69.33 69.33 81.33 Bi.33 65.33 69.33 62.67 62.67 57.33 57.33 52.00 52.00 53.33 53.33 '49.33 49.33 52.00 52.00 44.00 44.00 37.33 37.33

V,H1C,4D: 66.67 66.67 66.67 86.67 81.33 61.33 64.00 64.00 60.00 60.00 66.00 56.00 52.00 52.00 50.67 50.67 52.00 52.00 42.67 42.67 37.33 37.33
V,H1CIID: 82.67 62.67 78.67 76.67 70.67 70.67 64.00 64.00 60.00 60.00 50.67 50.67 53.33 53.33 46.00 48.00 49.33 49.33 44.00 44.00 42.67 42.67
V,H,C4 Dl. 64.00 64.00 80.00 80.00 72.00 72.00 66.67 66.67 60.00 60.00 50.67 50.67 50.67 50.67 48.00 46.00 42.67 42.67 44.00 44.00 42.67 42.67
V2H2C~D. 88.00 68.00 82.67 62.67 :"2.00 72.00 62.67 62.67 52.00 52.00 53.33 53.33 49.33 49.33 48.00 48.00 11.00 11.00 40.00 40.00 36.00 36.00
V2H,:C1D: 88.00 88.00 64.00 B-l.00 65.CO 68.00 61.33 61.33 54.67 54.67 50.67 50.67 49.33 49.33 44.00 44.00 36.67 38.67 40.00 40.00 36.00 36.00
V,H,C,D, 88.00 88.00 78.67 76.67 :"2.00 72.00 61.33 61.33 58.67 58.67 52.00 52.00 48.00 48.00 46.67 46.67 45.33 45.33 44.00 44.00 42.67 42.67
V,H,C,D" 88.00 88.00 64.00 B-l.00 B~.33 81.33 73.33 73.33 69.33 69.33 65.33 65.33 66.00 56.00 52.00 52.00 45.33 45.33 44.00 44.00 30.67 30.67
V,H,C,D. 96.00 96.00 93.33 93.33 89.33 89.33 72.00 :"2.00 81.33 61.33 50.67 50.67 53.33 53.33 52.00 52.00 50.67 50.67· 42.67 42.67 33.33 33.33
V,H,C,D, 93.33 93.33 85.33 85.33 76.00 76.00 66.67 66.67 57.33 57.33 48.00 48.00 48.00 48.00 46.67 46.67 38.67 38.67 42.67 42.67 20.67 20.67
V,H,c,D, 90.67 90.67 68.00 88.00 81.33 81.33 66.00 66.0C 57.33 57.33 52.00 52.00 50.67 50.67 50.67 50.67 45.33 45.33 44.00 44.00 45.33 45.33
V,H,e,D, 64.00 64.00 74.67 74.67 85.33 65.33 56.67 58.67 66.00 56.00 45.33 45.33 49.33 49.33 50.67 50.67 48.00 48.00 66.00 56.00 45.33 45.33
V,H,C,D, 82.67 62.67 62.67 62.67 70.67 70.67 65.33 65.33 64.67 54.67 49.33 49.33 49.33 49.33 46.67 46.67 41.33 41.33 33.33 33.33 25.33 25.33
V,H,C,o, 92.00 92.00 92.00 92.00 78.67 78.67 68.00 66.00 53.33 53.33 52.00 52.00 49.33 49.33 50.67 50.67 49.33 49.33 37.33 37.33 29.33 29.33
V,H,C,o, 76.00 76.00 72.00 72.00 61.33 61.33 54.67 54.67 49.33 49.33 46.67 46.67 44.00 44.00 40.00 40.00 34.67 34.67 38.00 38.00 20.00 20.00
V,H,C,D, 66.00 68.00 68.00 88.00 72.00 72.00 64.00 64.00 64.00 64.00 65.33 65.33 52.00 52.00 46.67 46.67 46.67 46.67 44.00 44.00 26.00 26.00
V2H2C41D~ 66.00 88.00 61.33 61.33 89.33 69.33 65.33 65.33 58.00 56.00 49.33 49.33 48.00 46.00 50.67 50.67 45.33 45.33 44.00 44.00 37.33 37.33
V,H,C.o, 66.67 86.67 61.33 61.33 64.00 64.00 60.00 60.00 66.00 56.00 54.57 54.67 48.00 46.00 46.67 46.67 46.67 46.67 36.00 36.00 20.00 20.00
V,H,C.o, 77.33 77.33 64.00 64.00 66.00 66.00 52.00 52.00 46.00 48.00 46.00 46.00 38.67 38.67 32.00 32.00 32.67 32.67 26.67 26.67 20.00 20.00
V2H2C4D.( 66.00 88.00 64.00 64.00 76.67 76.67 65.33 55.33 66.67 58.67 49.33 49.33 50.67 50.67 46.67 46.67 46.67 46.67 32.00 32.00 25.33 25.33
V,O 41.33 62.67 36.00 76.67 25.33 49.33 21.33 34.67 11.33 33.33 10.67 28.00 6.67 16.00 0.33 4.00 0.00 2.67 0.00 0.00 0.00 0.00
VzWD, 52.00 66.67 44.00 85.33 33.33 64.00 22.67 66.00 16.67 52.00 14.67 52.00 6.00 44.00 6.67 36.00 6.67 18.67 5.33 20.00 4.00 16.00
V2WD, 53.33 93.33 46.67 00.57 3;.::3 68.00 25.33 52.00 18.67 44.00 9.33 29.33 10.67 30.67 5.33 28.00 5.33 26.67 1.67 9.33 1.30 6.00
V,Wo, 50.67 92.00 46.67 as.33 33.33 64.00 19.23 62.67 14.67 52.00 9.33 37.33 12.00 38.67 5.33 25.33 5.33 29.33 2.00 9.33 0.00 5.3~ W
V,WD, 54.66 96.00 52.00 94.67 33.33 69.33 22.67 64.67 13.33 53.33 10.87 46.67 ~2.00 46.67 9.33 42.67 4.00 28.00 2.00 9.33 4.00 13.33 ~
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variations in germinalion. The highest germination percentage (58.43) was recorded by

C2 (-1.5 MPa) and lowest C~ (-2.0 MPa). The osmopriming treatment duratioo selected

also diftered significantly with D~ (48 hour) registering the highest germination percentage

(58.54). As time elapsed from the first month to tenth month of storage the germination

11l:rcenlage remarkably reduced from 85.5 in the first month to 31.88 showing the

germinalion being reduced below 80 per eeul from the second month onwards.

4.1.2 lJnif(lrmity in germination

The mean data on uniformity ,n germination of chilli varieties Jwalasakhi and

Ujwala are presented in Table 3a and 3b.

When no tn:almenl was given for germination, the time for 50 per cent germination

was delayed beyond seven days. Water treatment could not considerably enhance early

germination compared 10 ahsolute control excepl in lhe months of 7,8,9 and 10.
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Both the varidies completed 50 per cenl of its germination within seven days of its

sowillg irrespective of Ihe chemicals tried and ils various concentrations. This trend was

maintained in case of all storage time i.e. one to ten months.

4.1.3 Vigour index (VI)

The mean data on vigour index given in Table 4a and 4b showed that the vigour

index for absolute control is significantly lower than that for chemical and water treated

seeds at all 11m monlhs of storage. 130lh lhe varieties recorded progressive and significant

reduction in vigour index values as the time elapsed from one to ten months of storage.

When seeds were treuted wilh water alone or chemicals Ihe vigour index improved

significantly over the absolute control. Water treated seeds recorded statistically similar

vigolll" index liS lhalof chenlicallreatments for the first Ihree months for bolh the vurieties.

Afte;r lhat che;mical treated seeds put up higher vigour index significantly above that of

wuler 're;lIted se;eds. In mosl of the monlhs holh Ihe; che;micals i.e. sodium chloride and

1'1':0 induced slutislicully silnilur vigour index. Ilowevcr Ii,r the vuridy I Jjwlliu sodium

chloride; wus lillind 10 be more advuntageous and IiII' Jwalasakhi, PEn.
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Table 4a. Effect of osmopriming on vigour index in chilli variety Jwalasakhi

Months after storago
Treatments

0 1 2 3 4 5 6 7 8 9 10

V,H,C,D, 591.67 583.33 424.53 339.33 280.00 221.87 191.73 180.93 180.67 170.00 130.67

V,H,C,D2 642.67 517.87 441.73 373.07 301.60 186.67 2.15.87 185.07 184.67 172.53 131.73

V,H,C,D, 658.80 457.47 410.80 252.53 428.27 319.73 278.80 241.80 206.00 164.'10 173.33

V,H,C,D. 738.13 561.87 543.20 405.60 455.07 376.67 337.07 273.73 .210.40 25213 185.07
V,H,C2D, 662.27 492.27 448.80 349.87 331.47 295.87 305.07 256.40 229.47 249.20 226.27
V,H,C 2D2 592.00 562.40 514.93 391.07 354.00 348.67 296.47 313.33 297.33 206.62 79.20
V,H,C2D, 709.73 614.67 455.87 419.47 372.40 348.40 273.07 271.33 258.13 189.73 93.87
V,H,C2D. 586.53 556.80 505.73 417.33 342.27 295.07 322.40 298.27 295.20 17853 176.80
V,H,C,D, 589.07 589.73 536.53 414.40 358.40 336.00 328.53 217.20 3 W.40 211.33 22173
V,H,C,D2 643.47 604.67 544.93 449.60 350.13 354.80 324.80 322.80 304.93 222.67 15013
V,H,C,D, 615.47 544.27 481.73 618.40 392.27 351.67 320.80 304.53 245.33 244.00 234.67
V,H,C,D. 612.53 521.60 460.13 399.47 372.13 307.87 303.20 283.01 235.07 187.73 156.53
V,H,C.D, 688.27 537.87 553.87 547.20 524.13 432.80 409.87 36200 224.53 23933 . 218.80
V,H,C.D2 587.73 429.20 372.27 367.60 313.07 349.60 294.40 232.13 189.07 18333 121.07
V,H,C.D, 607.20 528.53 409.20 403.33 343.20 334.13 305.60 291.41 282.67 22467 201.73
V,H,C.D. 622.13 577.20 455.33 324.27 425.73 296.00 321.20 242.80 262.53 248.40 184.13
V,H2C,D, 770.00 693.87 573.20 496.40 449.47 413.47 439.60 373.47 318.80 194.27 164.27
V,H2C,D2 672.00 598.13 542.40 476.80 447.73 319.20 350.27 332.13 197.87 166.27 61.87
V,H2C,D, 648.40 554.13 523.60 390.00 380.67 336.27 310.93 295.73 280.27 287.33 283.20
V,H,C,D. 670.67 511.33 409.73 318.80 314.67 266.80 222.93 242.40 235.07 205.60 146.93
V,H2C2D, 604.13 500.80 442.00 337.87 325.60 348.80 272.80 207.20 146.93 107.87 79.20
V,H2C2D2 720.40 625.60 477.87 394.40 407.07 393.73 355.47 341.47 294.00 209.60 136.27
V,H2C2D, 703.20 579.20 522.80 361.87 408.27 452.00 384.53 360.93 285.73 222.53 60.53
V,H2C2D. 658.00 605.20 520.53 475.80 401.73 387.73 380.53 341.47 329.47 326.13 283.47
V,H2C,D, 637.60 593.33 499.07 433.73 349.07 311.33 321.33 316.27 314.13 208.67 116.80
V,H2C,D2 646.27 553.07 513.60 428.00 397.33 326.53 339.33 282.67 236.93 222.93 129.33
V,H2C,D, 630.13 582.67 500.00 469.33 356.00 334.53 315.73 294.40 284.27 235.87 184.53
V,H2C,D. 675.47 587.47 526.00 443.60 366.93 347.87 341.47 302.13 283.47 209.07 74.93
V,H2C.D, 681.60 562.67 511.20 430.27 351.87 310.67 297.07 286.27 268.93 186.53 107.87,
V,H2C.D2 613.87 564.67 509.87 433.47 423.47 450.93 348.40 307.60 276.!l0 181 20 32.40
V,H2C.D, 646.00 551.47 533.73 421.60 334.93 252.40 253.07 249.33 219.47 153.33 81.20
V,H2C.D. 666.67 587.60 542.53 423.47 339.47 351.87 298.27 '290.00 295.33 172.13 146.93
V,O 656.40 602.93 359.60 257.60 212.93 212.00 122.67 92.27 66.67 0.00 0.00
V,WD, 735.33 684.40 494.67 397.73 274.53 246.00 223.33 175.40 121.60 48.80 36.00
V,WD2 658.53 572.53 439.20 348.40 236.53 154.13 174.13 119.87 101.07 34.27 0.00
V,WD, 672.53 610.67 529.87 390.00 297.47 271.07 188.80 107.47 66.40 36.13 8.53
V,WD. 642.00 610.67 471.60 328.60 306.53 246.40 185.60 93.87 50.93 30.00 22.93
CD 116.73 83.50 66.72 78.90 72.18 63.33 52.12 55.50 58.89 95.65 55.59
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Table 6b. Effect of osmopriming on seedling abnormalities (%) in chilli variety Ujwala

Months after storage
Treatments

0 1 2 3 4 5 6 7 8 9 10

V,H,C,D, 0 0 0 0 0 0 0 0 0 0 0

V,H,C,D, 0 0 0 0 0 0 0 0 0 0 0

V,H,C,D, 0 0 0 0 0 0 0 0 0 0 0

V,H,C,D, 0 0 0 0 0 0 0 0 0 0 0

V,H,C,D, 0 0 0 0 0 0 0 0 0 0 0

V,H,C,D, 0 0 0 0 0 0 0 0 0 0 0

V,H,C,O, 0 0 0 0 0 0 0 0 0 0 0,
V,H,C,D, 0 0 0 0 0 0 0 0 0 0 0

V,H,C3D, 0 0 0 0 0 0 0 0 0 0 0

V,H,C,O, 0 0 0 0 0 0 0 0 0 0 0

V,H,C,D, 0 0 0 0 0 0 0 0 0 0 0

V,H,C 3D, 0 0 0 0 0 0 0 0 0 0 0

V,H,C,D, 0 0 O' 0 0 0 0 0 0 0 0

V,H,C"D, .' 0 0 0 0 0 0 0 0 0 0 0

V,H,C,D, 0 0 0 0 0 0 0 0 0 0 0

V,H,C,D, 0 0 0 0 0 0 0 0 0 0 0

V,H,C,D, 0 0 0 0 0 0 0 0 0 0 0
V,H,G,[), 0 0 0 0 0 0 0 0 0 0 0

V,t1,C,Il, [) [) [) 0 0 0 [) 0 0 0 0

V,H,C,D, 0 0 0 0 0 0 0 0 0 0 0

V,H,C,D, 0 0 0 0 0 0 0 0 0 0 0

V,H,C,D, 0 0 0 0 0 0 0 0 0 0 0

V,H,C,D3 0 0 0 0 0 0 0 0 0 0 0

V,H,E:,[), 0 0 0 0 0 0 0 0 0 0 0

V,t1,G,I1, [) 0 0 0 0 0 0 0 0 0 0

V,H,C3D, 0 0 0 0 0 0 0 0 0 0 0

V,H,C,D, 0 0 0 0 0 0 0 0 0 0 0

V,H,C,D, 0 0 0 0 0 0 0 0 0 0 0

V,H,C,I1, 0 0 0 0 0 0 0 0 0 0 0

V,H,C,D, 0 0 0 0 0 0 0 0 0 0 0

V,H,C,D, 0 0 0 0 0 0 0 0 0 0 0

V,H,C,D., 0 0 0 0 0 0 0 0 0 0 0

V,O 0 0 [) 0 0 0 0 0 35 • •

V,WD, 0 0 [) 0 [) 0 [) 0 10 100 100

V,WD, 0 0 0 0 0 0 0 0 20 100 100
V,WD, 0 0 0 0 0 0 0 0 25 100 100
V,WD, 0 0 0 0 0 0 0 0 30 100 100
• No germination



The mam efTects of variety, chemical, concentration, duration of treatment and

period of storagc on vigour indcK arc givcn in Table 2.

Variely Ujwala showed significanlly high vigour indcK (413.23) than the variety

.Iwalasakhi (306.20). Among chemicals sodium chloridc gave thc highcst mcan vigour

indcK of 395.57 compared to PEG (383.92). Among the concentrations of the chemicals

Iricd C l (-1.5 Ml'a) and C] (-1.75 Ml'll) dil"f<:rcd significantly from CI (-1.0 Ml'a) and

Col (-2.0 Ml'a). The highest value ((Ir vigour indeK (397.77) was n:gistered by

concentrution C 2 (-1.5 Ml'a). The treatment duration, 48 hours registered the highest value

for vigour indeK. Fresh seeds showed maximum vigour index (087.16) and that at tenth

month showed Ihe least (158.56). Vigour index progressively reduced as the time elapsed

from one 10 len monlhs.

4.1.4 Rool - shoot ratio

The overall mean values for root shoot mtio calculated from the observations on

root lenglh lind shoot lenglh on ((llIrteenlh dlly an: given in Table 5a and 50.

In case of both Ihe varielies sceds withoul any Ireatment i.e., the aosolute control

showcd a sialistically lowcr rool shoot ralio compared 10 chemically trealed seeds, bul a

rool shoot ratio statistically similar to watcr trealed seeds at all the months of storagc. In

case of variety Jwalasakhi chemically trealed seeds recorded higher root shoot ratio up to

7 month of sloruge compared 10 walcr trealed secds and Ihercafler hoth the lrealments had

similar root shoot rulio. Ilul in case of IJjwllin water Ircnlcd seeds and chemiclIl trented

seeds produccd a slalistically similar rool shoot ralio cxcept in case of Iresh seeds and

fourth monlh of storuge.

The main effects of varicty, chemical, concentration, duration of treatment and

period of storage on root shoot ratio are presented in Table 2

Varic'ly Jwalasakhi recorded signilicantly higher root - shoot ratio (0.341)

compared to Ujwala (0.332) which WllS 58.7 per cent and 6.86 per cent more when

compllred to ahsolute cootrol at tenlh month of storuge. Among chemicals sodium

chloride favoured significanlly lilr higher rool - shoot rutio (0.341) compared to

1'1 ~(i (0.33 I). The concenlrations Iried showcd signi ficant effect on root - shoot ratio with

42



Table 7. Correlation coefficients of different characters of chilli var. Jwalaskahi and Ujwala

Root shoot ratio Electric conductivity Dehdrogenase activity Vigour index Protein Mitotic index

Jwalasakhi Ujwala Jwalasakhi Ujwala Jwalasakhi Ujwala Jwalasakhi Ujwala Jwalasakhi Ujwala Jwalasakhi Ujwala

Electric cccouclivity -0.238 • -0.318 ..

Dehdrogenase aclivity 0.363 .. 0.263 .. -0.798 .. -0.705 ....

VlQour index 0.347 .. 0.291 .. -0.793 .. -0.731 .. 0.872 .. 0.927 ..

Protein 0.281 .. 0.228· -0.521 .. -0.634 .. 0.652 .. 0.736 - 0.683 .. o.m-

Mijotic index 0.388 •• 0.268 .. -0.799 - -0.789 .. 0.834 .. 0.874 .. 0.853 - 0.983 .. 0.708 .. 0.762 ....

Germination 0.397 .. 0.239· -0.715 .. -0.680 - 0.808 .. 0.892 .. 0.936 .. 0.966 .. 0.662 .. 0.760 .. 0.822 .. 0.880 ..

• Significant at 5 % level
•• Significant at 1 % level





Table 8b. Effect of osmopriming on dehydrogenase enzyme activity in chilli variety Ujwala

Months after storage
Treatments

0 1 <' 3 4 5 6 7 B 9 10

V2H,C,D, 1.655 1.55B 1.256 0.953 0.B28 0.762 0.637 0.552 0.443 0.427 0304

V,H,C,D, 1.658 1.484 0.940 0792 0.626 0.532 0.516 0.499 0.445 0402 o 34B
V,H,C,D, 1.723 1.593 1.305 O.BBO 0.762 0.644 0.505 0.517 0.493 0.444 o 3B4

V,H,C,D. 1.902 1.801 1.190 0.910 0.835 0.685 0.576 0.521 0.490 0.456 0.413
V,H,C,D, 1.596 1.436 0.989 0.922 0.836 0.733 0.655 0.633 0.546 0.588 0.462
V2H,C2D2 1.674 1.521 1.142 0.883 0.736 0.643 0.588 0.525 0.486 0.438 0309
V,H,C,D, 1.867 1.746 1.202 0.834 0.759 0.627 0.617 0.555 0.443 0.454 0429
V,H,C,D. 1.744 1.643 1.117 0.974 0.859 0.743 0.676 0.647 0.575 0.549 0.412
V,H,C,D, 1.582 1.505 1.005 0.869 0.768 0.639 0.620 0.536 0.514 0.471 0.464
V,H,C,D, 1.408 1.226 1.087 0.967 0.855 0.721 0.694 0.628 0.527 0.476 0.465
V,H,C,D, 1.413 1.273 1.004 0.830 0.751 0.631 0.589 0.519 0.495 0.482 0445
V,H,C,D. 1.619 1.456 1.102 0.948 0.785 0.717 0.685 0.677 0.652 0.552 0430
V,H,C.D, 1424 1.240 0.943 0.855 0.733 0.658 0.563 0.534 0.475 0447 0383
V,H,C.D, 1.621 1.525 0.978 0.857 0.742 0.695 0.587 0.534 0.520 0463 0428
V,H,C.D, 1.499 1.255 0.939 . 0.817 0.761 0.644 0.575 0.521 0.485 0.467 0.450
V,H,C.D. 1.518 1.306 1.013 0.890 0.756 0.685 0.576 0.542 0.520 0.481 0361
V,H,C,D, 1.700 1438 0.940 0.852 0.732 0.594 0.545 0.516 0.458 0.434 0355
V,H,C,D, 1.482 1.304 0.907 0.784 0.632 0.584 0.533 0492 0.441 0411 0.369
V,H,C,D, 1.635 1.420 0.904 0.843 0.683 0.583 0.533 0.483 0.424 0405 0.345
V,H,C,D. 1.707 1.469 0.971 0.819 0.744 0.661 0.535 0462 0.425 0.378 0.229
V,H,C,D, 1.608 1429 1.271 0.916 0.726 0.648 0.538 0.479 0.431 0.374 0.298
V,H2C,D, 1.711 1.539 1.165 0.874 0.714 0.647 0.522 0.447 0.420 0.381 0.257
V,H,C,D, 1.638 1.465 0.940 0.865 0.756 0.654 0.574 0.523 0.445 0.308 0243
V2H2C2D. 1.452 1.223 0.865 0.719 0.630 0.558 0.532 0.473 0.462 0.359 0.318
V,H,C,D, 1.400 1.215 1.010 0.863 0.676 0.646 0.594 0.437 0.375 0.361 0.217 .
V,H2C,D, 1.804 1.639 1.151 0.865 0.684 0.558 0.525 0475 0.437 0.382 0316
V,H,C,D, 1.321 1.190 0.884 0.630 0.552 0.498 0.428 0.421 0.355 0.289 0.103
V,H,C,D. 1.638 1.410 0.937 0.758 0.631 0.592 0.488 0.481 0.443 0.354 0313.
V,H2C.D, 1416 1.229 1.089 0.864 0.737 0.646 0.571 0.486 0.466 0.432 0.348
V2H,C.D2 1.314 1.171 0.803 0.646 0.536 0.516 0.464 0.428 0.371 0.342 0218
V,H,C.D, 1.381 1.160 0.739 0.571 0.540 0.522 0.473 0.417 0.356 0.199 0043
V2H2C.D. 1.617 1.394 0.788 0.674 0.612 0.527 0.511 0.494 0.424 0.316 0.233
V20 1.529 1.329 0.731 0.681 0.454 0.315 0.255 0.104 0.016 0.014 0.006
V2WD, 1.710 1.525 . 0.828 0.645 0.555 0.437 0.420 0.376 0.363 0.243 0203
V,WD, 1.786 1.599 0.783 0.549 0.497 0.456 0.411 0.379 0.320 0.263 0215
V,WD, 1.864 1.635 0.859 0.564 0.526 0.445 0.417 0.366 0.263 0.233 0105
V,WD. 2.067 1.910 0.829 0.578 0.465 0.422 0.364 0.358 0.298 0243 0225
CIJ 0.051 0.072 0.177 U.114 0.OU5 0.005 U.UU!; 0.OU5 O.DOS U.Uf,l D.UUS



c., (-2.0 MPa) recording highcst value 01'0.350 and C I (-1.0 MPa) the least value 01'0.326.

The osmopriming treatmenl duration of 48 hour n:gistered the highest value (0.341). A

progressive reduction in root - shoot ratio was obser.ved as the time of storage elapsed

from one to I<:n months.

4.1.5 Seedling abnormalities

I lbservalions on seedling ahnormalitics revealed lhat in osmoprimed seeds of both

Ihe varieties did not show any notuhlc abnormality (Tablc 6a and 6h). But in case of

hydroprimed and untreated seeds abnormalities were evident from eighth month of storage

onwards, with ninth and tenth month depicting 10li per cent. The ahnormalities included

seedlings with stuhhy radicle and first leaf trapped in the seed coat hlocking further

development.

The seed and seedling characters like gcrminalion per cent, vigour index and

root - shoGt ratio were found positively correlated (Tahle 7) for hoth the varieties.

4.1 llioehellliealOhservations

4.2. I Dehydrogenase enzyme activity

Thc uverall mean dala of dehydrogcnase cnzyme activity of chilli varieties

.Iwalasakhi and Ujwala are presented in Table 8a and 8b.

Secds Ireated with walcr rccorded compamtively higher values for enzyme activity

than ahsolute control. Alier tenth month of storage, the water treated seeds ofUjwala and

.Iwalasakhi rccorded a mean value of O. I87 and 0.122 rcspectively where as for ahsolute

cnnlrol it was 0.006 and 0.094. Seeds treated with chcmicals found to maintain

dehydrogenase enzyme activity belter Ihan controls.

The main effects of variety, chemical, concentration and duration of treatment and

period of storage on dehdrogenase activity are given in Tahle 9.

The variety Ujwala registered the highest mean value of 0.772 compared to

.Iwalasakhi (0.738). Among the chemicals, sodium chloride recorded the highest value of

0.78 where as for PEG it was 0.730. The concentrations showed significant difference

with C, (-1.5 Ml'a) recording highest enzyme activily (O.776)and c., (-0.2 Ml'a) thc least



Tablo 9. Main effects of Variety, Chemical, Concentration, Duration
and Period of storage on dehydrogenase activity, protein.

electrical conductivity and mitotic index

a. Variety

Variety
Dehydrogenase

Protein
Electrical Mitotic

activity conductivity index

V, 0.738 13.19 0.033 62.84

V, 0.772 13.69 0.032 62.38

CD 0.004 0.027 0.0003 0.217

b. Chemical

Chemical
Dehydrogenase

Protein
Electrical Mitotic

activity conductivity index

H, 0.781 13.45 0.035 62.62

H, 0.730 13.42 0.029 62.61

CD 0.004 0.0271 0.0003 0.217

c. Concentration

Concentration
Dehydrogenase

Protein
Electrical Mitotic

activity conductivity index

C, 0.756 13.30 0.031 63.40

C, 0.776 13.60 0.032 61.20

CJ 0.767 13.50 0.034 63.70

C. . 0.723 13.40 0.033 62.10

CD 0006 0.038 0.001 0.310
, d. Dllration

Duration
Dehydrogenase

Protein
Electrical Mitotic

activity conductivity index

D, 0.780 13.60 0.031 63.50

0, 0736 13.30 0034 62.00

OJ 0.733 13.20 0.032 62.80

D. 0772 13.60 0032 62.00

CD 0.006 0.038 0.001 0.310

e. Period of storage

Month
Dehydrogenese

Protein
Electrical Mitotic

activity conductivity index

Mo 1.530 14.77 0.011 84.00

M, 1.370 14.60 0.016 80.03

M, 0.986. 14.32 0:020 75.20

MJ o B22 14.00 () 024 70.BO

M. 0.724 13.70 0.028 65.86

Ms 0.635 13.44 0.031 61.48

Mil 0572 1344 o 03fi 5613

M, () bllU 1:.' UU II ()4() b4.bl

Ma 0.454 12.62 0.043 50.99

Mu 0.401 12.42 0.049 47.2B

M'D 0.309 11.93 0.057 40.33

CD 0.009 0.064 0.0006 0.434

t,.7





TAble Wb. Effect of [Jslflopliming on protein (rng g") in chilli vnriely IJjwAln

Months after storage
Treatments

0 1 2 3 4 5 6 7 8 9 10

V2H,C,D, 16.60 16.00 14.93 14.40 13.83 13.73 13.10 12.67 12.50 12.20 11.90

V2H,C,D2 15.77 15.47 14.60 14.47 14.27 13.97 13.40 13.20 12.83 12.73 12.40
V2H,C,D3 15.37 15.47 15.00 14.33 13.97 13.67 13.40 12.63 12.53 12.33 11.60
V2H,C,D. 14.17 14.53 14.40 14.20 13.73 13.60 13.17 12.83 12.40 12.47 12.40
V2H,C2D, 15.07 14.87 14.33 14.27 14.17 13.63 13.27 13.07 12.73 12.50 12.53
V2H,C2D2 14.17 14.23 14.17 13.83 13.37 12.90 12.63 12.53 12.50 12.27 12.37
V2H,C2D3 13.97 14.20 14.20 13.87 13.80 13.63 13.33 13.03 12.60 12.50 1220
V,H,C,D. 18.40 17.43 17.23 1600 15.67 14.57 1'1 10 13.60 13.03 1267 12.'13
V2H,C3D, 10.47 16.63 15.63 15.10 14.90 14.17 13.67 13.'10 13.13 12.63 1223
V2H,C3D2 1'1.93 1'1.97 1'1.50 1'1.03 13.67 13.'17 1323 12.63 12.27 12.50 1200
V2H,C3D3 14.03 15.03 14.53 14.33 14.30 13.97 13.60 13.30 12.03 12.40 12.10
V2H,C3D. 14.77 14.83 14.33 14.30 13.80 13.53 13.20 12.83 12.50 12.43 1213 ,
V2H,C.D, 14.47 14.57 14.37 14.00 13.70 14.90 13.33 12.97 12.60 12.40 12.27
V2H,C.D2 14.20 14.20 13.90 13.43 13.27 13.03 12.60 12.43 12.30 12.23 12.00
V2H,C.D3 16.17 15.83 15.23 14.70 14.20 13.83 12.97 13.23 12.93 12.47 12.23
V2H,C.D. 14.67 14.97 14.77 14.50 13.83 13.33 12.90 12.00 12.43 12.37 12.17
V2H2C,D, 15.53 15.60 15.43 15.10 14.67 14.43 13.63 13A7 12.03 12.60 1233
V2H2C,D 2 12.93 12.83 12.50 12.43 12.47 12.47 12.40 12.37 11.60 1223 12.00
V2H2C,D3 14.80 14.77 14.60 14.40 13.83 13.50 13.17 12.87 12.60 12.60 12.37
V2H2C,D. 16.27 16.13 15.70 15.00 14.60 14.40 13.90 13.60 13.30 12.83 12.10
V2H2C2D, 18.10 17.23 16.43 15.53 15.07 14.50 14.00 13.07 13.60 13.50 12.00
V2H2C2D2 17.97 17.33 16.77 16.17 15.60 14.67 14.17 13.60 12.73 12.50 11.87
V2H2C2D3 17.70 17.03 16.50 15.83 15.23 14.57 13.80 13.57 12.00 12.67 12.20
V2H2C2D. 14.87 14.60 14.33 13.87 13.50 13.13 12.80 12.60 12.60 12.'17 1220
V2H2C3D, 14.13 14.20 13.83 13.60 13.37 13.27 12.63 12.53 12.40 12.20 11.87
V2H2C3D2 15.10 14.93 14.47 13.97 13.60 13.43 13.23 12.70 12.40 12.'10 11.80
V2H2C3D3 12.70 12.53 12.63 12.47 12.30 12.27 12.23 12.23 12.10 11.63 0.67
V2H2C3D. 14.63 14.63 14.67 14.33 13.80 13.50 13.37 13.17 12.77 12.43 11.83
V2H2C.D, 14.07 14.03 14.00 13.77 13.57 13.17 12.97 12.80 12.60 12.37 12.20
V2H2C.D2 15.73 15.47 15.30 15.20 14.47 14.03 13.70 13.53 13.17 12.77 12.40
V2H2C.D3 13.03 12.97 12.97 12.70 12.67 12.53 12.40 12.17 12.37 12.20 11.77
V2H2C.D. 14.93 15.33 15.33 14.97 14.90. 14.77 13.93 13.83 13.20 12.67 12.13
V20 12.03 12.03 12.00 11.00 11.63 11.63 10.77 10.43 10.37 10.20 9.63
V2WD, 12.07 12.03 12.03 11.70 11.50 11.30 11.23 11.17 10.33 10.27 9.60
V2WD2 11.90 12.10 12.10 11.63 11.50 11.30 11.00 10.53 10.17 10.10 950
V2WD3 12.07 12.00 11.80 11.60 11.47 11.13 11.03 10.53 10.30 1017 9.63
V2WD. 11.97 11.83 11.83 11.53 11.37 11.20 11.10 10.67 10.57 10.30 9.67
CD 1.18 0.50 0.38 0.32 0.29 0.55 0.27 0.27 0.29 0.32 0.51
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(0.723). Amung lhe duratiun of osmopriming treatments carried out D 1 (12 hours)

registered maximum value (0.780). D2 and D j did not show any significant difference.

Dehygrogcnnse enzyme aClivity significanlly decreased from first month to tenth month of

storage. Thc fresh seeds recorded a valuc of 1.530 which dcclined sharply to 0.309 after

len months uf slorage.

'1.2.2 Soluhle pmlcin conlent

Thc mean data on soluble protein content of chilli varieties Jwalasakhi and Ujwala

arc given in Tablc lOa nml lOb.

Remarkablc variation could not be observcd in solublc protcin contcnt hetween

waler treated and absolute cuntrol. Alier tenth month was storage soluble protein content

was 9.66 mg g'l for watcr treatcd seeds of Ujwala and 9.63 mg g'l for absolute control.

But lilr Jwala'sakhi the water treated seeds recorded 8.33 mg g'l, where as absolute control

recorded lhe luwest value of 5.46 mg g'l. The soluble protein contcnt improved

considcrably with seed osmopriming.

~ 50

The main effects of variety, chemical, concentration and duration of treatment and

pcriud of storage on solublc protein content are given in Table 9.

Vnriely lJjwala differed signiticantly in soluble protein content (13.69 mg g-l)

compared 10 Jwalasakhi (13.19 mg g'\ In botb the varieties soluble protein content

reduced under storage. Chemicals PEG and Na Cl maintained statistically similar values

for soluble protein 13.42 mg g'l and 13.45 mg g'l respectively. The concentrations showed

significant effect ·on protein content with C2 (-1.5 MPa) recording the maximum

(13.6 mg g'l) and CI (-1.0 Mila) the minimum (13.3 mg g''). Duration of treatments DI

and D.I differed significantly from D2 and Dj . Thc bighest protein contcnt recorded was

13.6 mg g-I hy DI and D.I (12 bour and 48 hour). As storage period increased there was a

gencrul dcelinc in solublc prolcin content. The highcst valuc shown by frcsh seeds wus

14.77 mg g-I wherc us it was 11.93 109 g-I uncr lcnmonlhs ofstorugc.

4.2.3 1~lectrical Conductivity (EC)

Thc mcan duta on e1cctrical conductivity of chilli varieties Jwalasakhi and lJjwala

lire givcu in Table Iiallud llh.
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Table 11a. Effect of osmopriming on electrical conductivity (mmhos em") in chilli variety Jwalasaklli

Months alter storage
Treatments

0 1 2 3 4 5 6 7 8 g 10

V,H,C,D, 0.010 0.018 0.018 0.Q18 0.025 0.027 0.030 0.031 0.034 0.036 0038

V,H,C,D2 0.011 0.Q16 0.025 0.027 0.033 0.035 0.031 0.040 0.036 0.040 0044

V,H,C,D3 0.013 0.019 0.019 0.023 0.026 0.026 0.029 0.037 0.045 0.047 0047

V,H,C,D. 0.009 0.020 0.020 0.024 0.032 0.029 0.034 0.039 0.040 0.044 0055

V,H,C2D, 0.Q11 0.020 0.024 0.029 0.031 0.031 0.033 0.036 0.030 0.030 DD46

V,H,C2D2 0.014 0.020 0.022 0.029 0.030 0.040 0.041 0.043 0.042 0.049 0051

V,H,C2D3 0.012 0.017 0.019 0.023 0.032 0.034 0.037 0.041 0.044 0.047 0047

V,H,C2D. 0.012 0.021 0.023 0.032 0.033 0.037 0.039 0.040 0.Q38 0.049 0048

V,H,C3D, 0.014 0.025 0.031 0.032 0.035 0.038 0.041 0.039 0.051 0.055 0.056

V,H,C3D2 0.018 0.027 0.039 0.043 0.044 0.045 0.047 0.050 0.056 0.061 0.065

V,H,C3D3 0.Q15 0.019 0.023 0.024 0.033 0.037 0.042 0.047 0.051 0.053 0.056

V,H,C3D. 0.018 0.023 0.026 0.029 0.036 0.038 0.046 0.044 0.049 0.051 0056

V,H,C.D, 0.Q18 0.023 0.029 0.030 0.031 0.035 0.037 0.043 0.046 0.055 0.058

V,H,C.D2 0.Q16 0.021 0.026 0.032 0.037 0.037 0.029 0.043 0.047 0.054 0.063

V,H,C.D3 0.011 0.016 0.017 0.023 0.025 0.031 0.035 0.040 0.045 0.046 0.048

V,H,C.D. 0.014 0.018 0.028 0.036 0.039 0.045 0.048 0.048 0.050 0.058 0.062
V,H2C,D, 0.012 0.019 0.023 0.024 0.030 0.034 0.037 0.038 0.041 0.046 0.048
V,H2C,D2 0.016 0.024 0.026 0.029 0.030 0.032 0.037 0.041 0.045' 0.043 0049
V,H2C,D3 0.010 0.012 0.014 0.017 0.018 0.023 0.026 0.031 0.040 0.055 0.009
V,H2C,D4 0.010 0.014 0.016 0.022 0.027 0.030 0.033 0.036 0.037 0.040 0045

,

V,H2C2D, 0.014 0.018 0.021 0.025 0.027 0.029 0.033 0.040 0.044 0.047 0.049
V,H2C2D2 0.015 0.018 0.020 0.021 0.024 0.028 0.033 0.037 0.039 0.041 0.043
V,H2C2D3 0.012 0.017 0.017 0.024 0.027 0.033 0.035 0.043 0.047 0.051 0.005
V,H2C2D. 0.006 0.010 0.013 0.016 0.019 0.020 0.023 0.028 0.029 0.033 0.036
V,H 2C3D, 0.011 0.021 0.020 0.022 0.019 0.023 0.031 0.036 0.039 0.049 0.051
V,H2C3D2 0.013 0.019 0.024 0.025 0.025 0.030 0.032 0.037 0.040 0.040 0.044
V,H2C3D3 0.012 0.017 0.020 0.022 0.025 0.030 0.034 0.038 0.045 0.047 0.050
V,H2C3D. 0.012 0.019 0.022 0.025 0.030 0.033 0.037 0.040 0.039 0.040 0046
V,H2C4D, 0.011 0.012 0.016 0.020 0.025 0.033 0.037 0.042 0.040 0.047 0.D53
V,H2C.D2 0.012 0.018 0.020. 0.025 0.026 0.027 0.033 0.039 0.045 0.050 0.057
V,H2C.D3 0.012 0.015 0.018 0.022 0.024 0.028 0.033 0.036 0.040 0.042 0.045
V,H2C4D. 0.013 0.016 0.019 0.025 0.031 0.032 0.034 0.040 0.047 0.050 0.055
V,O 0.001 0.003 0.017 0.023 0.035 0.046 0.058 0.064 0.070 0.079 0198
V,WD, 0.010 0.Q16 0.024 0.029 0.033 0.038 0.041 0.042 0.050 0.003 0.119
V,WD2 0.013 0.010 0.023 0.027 0.035 0.039 0.045 0.043 0049 D.059 D000
V,WD3 0.011 0.018 0.021 0.025 0.029 0.030 0.038 0.051 0.064 0.004 0.102
V,WD. 0.008 0.018 0.022 0.029 0.028 0.035 0.042 0.044 0.047 0.058 a D98 f:

CD 0.0051 0.0051 0.0051 0.0051 0.0051 0.0051 0.0051 0.0051 0.0051 0.0051 0.0051
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Table 11b. Effect of osmopriming on electrical conduc!ivity (mmhos cm-') in chilli variety Ujwala

Months after storage
Treatments

0 1 2 3 4 5 6 7 8 9 10

V,H,C,D, 0.007 0.013 0.019 0.026 0.029 0.033 0.038 0.041 0.050 0.050 0.065

V,H,C,D, 0.011 0.014 0.020 0.030 0.038 0.041 0.048 0.048 0.058 0.087 0.071

V,H,C,D, 0.010 0.014 0.023 0.028 0.029 0.033 0.037 0.043 0.051 0.064 0.074

V,H,C,D. 0.012 0.018 0.021 0.024 0.030 0.033 0.037 0.038 0.042 0.048 0.065

V,H,C,D, 0.008 0.012 0.016 0.022 0.026 0.030 0.035 0.037 0.041 0.041 0.049

, V,H,C,D, ·0.013 0.017 0.019 0.023 0028 0.032 0.038 0.041 0.043 0.051 0.057

V,H,C,D, 0.011 0.012 0.017 0.023 0.027 0.030 0.039 0.045 0.051 0.063 0.112

V,H,C,D. 0.010 0.017 0.020 0.025 0.029 0.035 0.045 0.055 0.068 0.076 0.080

V,H,C,D, 0.011 0.018 0021 0.028 0.028 0.032 0039 0.042 0.045 0.051 0.058

V,H,C,D, 0.009 0.017 0.021 0.022 0.029 0.031 0.039 0.045 0.049 0.055 0.063

V,H,C,D, 0.010 0.012 0.015 0.025 0.032 0.037 0.041 0.046 0.053 0.061 0.102

V,H,C,P. 0009 0014 0.024 0.030 0.032 0.037 0.040 0.042 0.046 0.052 0.058

V,H,C,D, 0.D11 0.016 0.023 0.026 0.034 0044 0.045 0.050 0.053 0.060 0.063

V,H,C,D, 0.009 0.014 0.023 0.026 0.030 0.032 0.039 0.053 0.058 0.073 0.145
V,H,C,D, 0.007 0.013 0.015 0021 0.027 0031 0034 0.042 0.031 0.050 0.055
V,H,C,Il, 0011 0014 0.022 0027 0.031 0.034 0040 0.043 0.044 0.053 0.060

V,H,C,D, 0.012 0.017 0.017 0.020 0.023 0.025 0.030 0.033 0.038 0.039 0.049
V,H,C,D, 0.009 0.014 0.018 0.021 0.025 0.026 0.031 0.035 0.037 0.042 0.049

V,H,C,D, 0.010 0.010 0.013 0.D15 0.019 0.023 0027 0.031 0.035 0.041 0.046

V,H,C,D, 0.007 0.013 0.013 0.D18 0.023 0.024 0.027 0.028 0.029 0.031 0.036
V,H,C,D, 0.010 0.011 0.016 0.018 0.024 0.026 0.034 0.040 0.043 0.044 0.048

V,H,C,D, 0.011 0.013 0.014 0.019 0.023 0.028 0.029 0.030 0.035 0.040 0.049

V,H,C,DJ 0.009 0012 0016 0.019 0.022 0.026 0.032 0.036 0.038 0.049 0.063

V,H,C,D, 0.008 0.010 0.013 0.017 0.022 0.022 0.031 0.039 0.049 0.055 0.064

V,H,C,D, 0.D12 0.015 0.016 0.021 0.024 0.027 0.033 0.036 0.040 0.046 0.050

V,H,C,D, 0.009 0.013 0.016 0.023 0.026 0.029 0.034 0.040 0.039 0.041 0.045

V,H,C3D, 0.011 0.014 0.021 0.023 0.027 0.028 0.032 0.035 0.037 0.041 0.044

V,H,C,D. 0.010 0.012 0.015 0.019 0.024 0.030 0.032 0.037 0.042 0.048 0.062

V,H,C,D, 0010 0.014 0.018 0021 0.024 0.027 0.030 0.033 0.034 0.039 0.048

V,I I,C,Il, 0004 0.010 0.014 0.019 0.026 0.028 0.031 0.035 0.040 0.042 0.048

V,H,C,D, 0.009 0.012 0.015 0.018 0.022 0.024 0.030 0.032 0.034 0.039 0.048

V,H,C,D. 0.006 0.010 0.016 0.021 0.027 0.031 0.038 0.045 0.049 0.059 0.068

V,O 0.007 0.011 0.024 0.035 0.041 0.049 0.059 0.077 0.108 0.149 0.228

V,WD, 0.011 0.015 0.018 0.023 0.025 0.032 0.038 0.044 0.053 0.062 0.104

V,WD, 0.009 0.011 0.016 0.020 0.028 0.034 0.040 0.043 0.048 0.062 0.072

V,WDJ 0.007 0.010 0.016 0.023 0.027 0.029 0.037 0.044 0.051 0.055 0.110
V,WD, 0.008 0.013 0.017 0.025 0.031 0.034 0.041 0.047 0.053 0.062 0.102
CD 0.0051 0.0051 0.0051 0.0051 0.0051 0.0051 0.0051 0.0051 0.0051 0.0051 0.0051
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TIll' ahsolute eonlrol recordcd a mean value li,r electrical conductivity of leachute

us n.n8 mrnhos cm- I IiII' lJjwalu and 0.198 rnrnhos crn- I for Jwalasakhi ten months atter

storage. 10 hydroprirned seeds He values increased in Jwalasakhi and lJjwala to

n.1 12 mmhos cm- I and 0.097 mrnhos cm- I respectively ten months atter storage.

The main effects of variety, chemical, concentration and duration of treatment and

period of storage on electrical conductivity of seed leachate arc given in Table 9.

The variety Ujwala was fillwd superior recording 0.032 mmhos cm-' compared to

.Iwalasakhi (O.OJ3 mmhos cm-'). Duc to ageing or prolonged storage Ihe HC values were

progressively increased for both the varieties. Though both the -chemicals i.e., sodium

chloride and PEG responded well PEG recorded lowest value (0.029 mmhos cm- I
)

compared to Na CI (0.035 mmhos cm- I
). The concentration C I was found superior by

producing the least value or e1eclrical conductivity (0.031 mmhos cm- I
). In the case or

dural ion oftreatnll'nt /)" /), and D.I wen: found 10 he superior to Ih The lowest recorded

hy /), (12 hour) was 0.03 I mmhos cm- I
. The EC value of 0.011 mmhos cm- I recorded by

the fresh seeds was found significantly increasing up to 0.057 mmhos cm- I at tenth month

IIlier sl'"l1lle.

The hiochemical characters like dehydrogenase activity and soluble protein content

expressed a positive correlation with germination and vigour index where as, EC of seed

leachate showed negative correlation with all other characters studied (Table 7).

Cytological studies

4.2.4 Mitotic index (MI)

The nleun dutu on Illilotic index of chilli vuridies .Iwillusukhi und 11jwalu are given

in Tahle 12a and 12b.

Water treated seeds mainlained comparatively higher MI values to absolute

control. For holh vurielics there wus unifimn rcdllclioll in MI values up to 8 month aller

storage. The chemical treated' seeds recorded a reduction Ill' 35 to 45 per cent in MI values

whclc liS il WIIS u,,"'e 1hun hO pCI' cenl inuhsolule cOlllm!.

The main effects of variety, chemical, concenlration and duration of treutment und

pelilld of storage Oil mitotic index ure given in Table I).
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Varieties differed significantly in MI values. Jwalasakhi recorded significant

higher vulue «('}.H~) colllpured to IJjwulu «('}.3H). In Ihe c1mmicals tried i.e. Na Cl and

PEO recorded almost similar MI values (62.61 and 62.60). Concentrations C 1 and C3

differed significantly from C2 and C4. The maximum value recorded WdS 63.7 by

C1 (-1.75 MPa). The duration of osmopriming treatments also showed significant

difference. The highest value was 63.5 recorded by 1)1 (12 hour). Mf values were reduced

to the tunc of 51 per cent from one to ten months of storage. Presh seeds showed the

highest MI value of 84.00 which was reduced to 40.33 ten month after storage.

Mitotic index was positivdy correlated with seedling and biochemical characters

studied except for electrical conductivity (Table 7).

4.2.5 Chromosomal aherrations

Any type of chromosomal abcrration was not detected in the mitolic cells during

the ten nlouths of storage in both control liS wcll us oSllloprirncd seeds.
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DISCUSSION

Much of Ihe: succe:ss of" mmkrn agriculiure: de:pe:nds on the: availahility of" good

quality se:cds wilh high ge:ne:tic pOIe:nlial and provcn pe:r1imnance in gcrmination,

Cllle:rgcnce and growth. Fanners and horticuliurists are: interested in the factors related to

sce:d germination as majorily of" conventional agriculiurisls arc depend on seeds for plant

propagation

I.ike any other limn of lilc, seeds cannot rclain their viahility indefinitely and

evenlually Ihey deteriomte and die:. Seed storage and maintenance of quality requires

special altention in a state like Kerala having a tropical humid climate. Rapid loss of

quality during slorage is a common prohlem in chilli seed production.

Osmopriming is om: of Ihe lechniques used 10 ameleorale seed deterioration while

slorage. The mechanism hehind this technique was explained hy Ileydecker el al. (1974) as

osmolic polenlial can he adjusted to a level which permits the seeds to go through all the

essential preparatory process of germination hut prevents cell elongation and In

eoose:lJuenee radicle emergence. Moreover during the pre germination period at the

oSlllolic harrier lhe: slower se:e:ds catch up with the: laster ones so that the: suhsequent

geflninalion is nluch more uuililrlll. Favourahle: tre:alment conditions pe:rmils hOlh Ihe

hre:ak down of" lilOd r<.:serves and the: synthesis of mate:rial require:d !ilr ge:rmination to occur

possihly 10 a gre:ale:r e:xlenlllilln if seeds had germinaled imme:diately. Thus it results in an

instanlaneous growth once: Ihe osmolic ohstacle to lilrthe:r water intake has he:en removed.

The present investigation was therefore undertaken to study the feasihility of

osmopriming in overcoming physiological and genetic deterioration in stored chilli seeds.

S.I S"ccllinJ.: ,'hllrllelcrs liS innneneed hy usmul,,·iminJ.:, vllridics lind ageing

In this study fresh se:e:ds of two chilli varieties Jwalasakhi and lJjwala were stored

lInde:r amhie:nt eonditiuns for le:n months. Random samples were drawn from the se:ed luts

at Illouthly inlervals and suhjected to osmopriming. Two chemicals, namely PEG-6000 and

Na CI were used as osmolieum on the: see:d at dilkre:nt conccntrations and durations fur lhe

reas,,') rcported hy Ilcydekcr ('/ (/1. (I 'J74) lind Smilh lind ('lIhb (I (92).
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Results on germination perccntagc reveal that there is a progressive reduction in

germination percenlage wilh ugeing (Fig I). In conlrol seeds, there wus u significunt

reduction in germination after second month of storage. Osmopriming was found reduce

this effect appreciably by the chemicals at different treatment combinations. A high degree

of soundness resulted in u lower response to osmocondilioning as eviclLmced during the first

two months where the untreated seeds also showed a high germination percentage.

Sudium chloride trealment resulted in higher germination percentage (39.00) even at

10'" month after storage, filllowed by PEG (20.99) when compared to water treatment

(6.50) and untreated control (0.00).

The effect uf chemicals on improving germination as an osmoticum was established

hy many workers (Dey and Mukherjee, 1988; Rog el al., 1995; Quing el al., 1996).

Iluwever, the information on precise cunditions required filr optimal priming is lacking as

species, varieties and seed stocks of the same variety and also different osmotica yield

differcnl resulls. Previous studies also suggest that hoth the chemicals arc effective in

n:ducing water potential along with some repairing mechanism in aged seeds. Similar

enccl may he responsible in Ihe present stndy also for improving germination in aged seeds

of chilli when cum pared to control. Many workers reported promotive action of distilled

wah.:r also (Saxena, 1979; Fujikura el (I1.,1993a).

Presoaking seeds in water has heen suggested as a means to speed up germination in

egg plant and radish. The unilllflllily in germination is an imporlant aspect which decides

the vigour of crop. The most important observation from this study was a high uniformity

ami carli.:r germination as recurded un 7'" day ali.:r sowing in usmoprimed seeds

irrespective of total germination percentage. (Fig. 2a and 2h). In hydroprimed and

untn:al.:d control Ihe germination was lilUnd extemh:d up to 14 days, thus recording a

nHlximum of 50 per cent germinatiun only after 7 days. In tomato and chilli it was

.:stablished Ihat osmopriming reduced the mean time of emergence and increased the

tlnilllflllily und fIIle of gcnninuliun. (Orny, 1994; I.unleri ('I (II., 1994; Dimer und nlis,

1994). As a r.:sult of osmopriming higher rate and unifilrmity of germination have been

r.:ported in case ufoil se.:ds (I'u el (II., 1988)
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3a Root ubnormulity (stubby roots) in chilli seedlings

3b Above ground abnormality (cotyledons trapped in seed
coat) in chiIIi seedlings

i





•

Inlh.: pr.:s.:nt investigation a positive corrdation was obtained between germination,

vigour Index und root shoot rullo of seedhng ("Iuhle 7). Seeds of Ujwala proved more

responsive Ihun those of Jwulusa~hi to henelil:ial action of critical I.:vds of osmopriming

t'eutments. '1 h.: stndy reveuled a rapid reduction in vigour index due to storage which was

later improved hy the chemical treatment (rig. I). Similar observations by Sathiyamoorthy

and Vivekanandan (19R9) suggested that specillc osmoconditioning treatment reduced the

seed leachate's conductivity, improved the seedling vigour index and emergence potential

of seed lots. Production of ATP and activiti.:s of several enzymes like ATPase, acid

phosphatase .:tc. were enhanced by priming (Fu, "I til.. 199R) and rise in the activities of

ATPas.: and acid phosphatase suggest.:d that mohilisatlon of reserves may underlie the

increase of gennination and vigour index.

Among the diflerent concentrations of the chemicals tried -1.5 MPa recorded

maximum germination pere.:ntage and vigour index whereas duration of osmopriming

treatments did nol exhibit concordant results.

Seedling estahlishment is an important factor in any crop production pmgramme

during which Ihc cell multiplication, elongation and enlargement initiate in an active

manner. I{oot length and shoot length ohserv.:d and root shoot ratio calculated from the

p,escnl study thmw u light in to the establishment of aged sccds of chilli by an osmoticum.

\loth the varidies manilested a high root shoot ratio which was evident from their vigour

Index (lsmopfllning with Sodium chloride lavoured root shoot ratio beth:r than

polyethylene glycol.

The COlllmOllest Ulld most severe seedling uhnllrnmllties observed were to the rnot

s stem iu VIU lely I ).Iwu1u lOlId Jwulusakhi. With increaSing duration of storuge there wus un

Innell,e In seedlillgs with sllmled or stuhhy rools These reslliled from the deuth of the

growing [1111111 which w.:re very short and extremely swollen behind the tip (Plate 3a).

(II her type of uhnonnuliti.:s induded trapping of cutyledons in the seed coat blocking

fmther developmcnt and cuusc drying of se.:dlings (Plute 3h). These abnormalities were

ohs.:rved in th.: hypocotyl r.:gion of all th.: hydroprimed and absolute controlled seeds

during advanc.:d periods of storage. This is in agrccment with the results published by
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Maude et (II., (1994) in leek seeds where the seedling abnormalities included stunted roots

with snake's head radicles.

. The ahove observation on seedling characlers clearly reflects the potentiality of

osmoconditioning in enhancing germination per cent, earliness in germination, vigour index

there by causing a better field establishment of seedlings raised from aged seeds. Pre

sowing treatment may help to improve germination percentage hy providing an opportunity

lilr low vigour seeds to cope up with the more vigorous ones. Therefore it can be

concluded that seed conditioning with PEG or Na CI is a useful practice which will go a

long way in producing qualily seedlings by improving germinahility and seedling vigour

subsequently. It also confirms that retardation of ageing should be added to the already

established beneficial results of osmoconditioning like i) faster and more uniform

germination and vigour ii) higher emergence [It suboptimal concentration and duration iii)

ability or germination under adverse conditions.

5.2 Biochcmicalubscrvations as influenced by osmopriming, varieties and ageing

Within the dry embryo, enzymes critical to rcpair of senescent lesions lose activity

and cause progressive slowing and decline in percentage viability of seed stock as the

period of dry storage is extended. A general event in the ageing seeds is the progressive

loss or the activity of mitochondrial dehydrogenase with decline .seed vigour culminating in

the complete loss of activity at a stage at which embryo can no longer synthesise protein or

germinate (Throneherry and Smith, 1955). The trend of dehydrogenase activity in aged

seeds or lJjwalu and Jwalasakhi from this investigation showed a steady decline from first

month onwards, reaching the least in ten months alier storage (Fig. 3). Sodium chloride

reconled a heller improvement in the enzyme activity IiI II owed hy PEO (0.780 and 0.730).

Treated seeds showed an increase in the enzyme activity which was evident from second

Inonth or storage onwards when compared to hydroprimed and untreated controls.

Ikcreased activity or dehydrogenase enzyme in delerioraling seeds and its improvement hy

chemicallrealmenl is well documented by Smith and Cohb (1992) and Copeland (1988).

AI the biochemical level it has heen ohservcd that during osmopriming of chilli

seeds there was an increase in the amount of total protein synthesis (Fig. 3). But it is not

confirmed whether the protein is 'priming specific' or not. Earlier reports also showed
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that prot~in associat~d with g~rmination are syntlwzised in presence of osmoticum which is

a I"atur~ of particular syst~m and priming conditions (I)avison and Bray, 1991). The t01a1

r~duclion in pmldn content was only 19.22 per cent as storagc period elapsed from one to

tcn months. The hydroprimed and untreated control produced statistically similar value for

protein content. It is well documented that the osmotic stress generated by Na CI or PEG

can induce the expression of RNA and certain proteins in the embryonic axes of

nsmoprimed seeds (Fujikura and Karssen, 1992).

The -1.5 MPa (C2) osmotic potential tricd recorded highest dehydrogenase activity

. (0.776) and soluhle protein (13.6 mg g-I). Similarly 12 hours was lilUnd to register highest

dehydrogenase activity (0.780) and soluble protein (13.6 mg gol).

/\ Ii"<:quenlly ohserved characteristic of deteriorated seeds is the increased leachate

conductivity when soaked in waler. The loss of germinability was positively correlated

with extent of leakage in terms of conductivity (Vyas el af., 1990). In the present study,

there was a continuous increase in electrical conductivity of seed leachate as storage period

advanced (Fig. '3). This indicates that a grcater membrane damage had occurred in

untreated conlrolthan in the seeds provided chemical treatment with Na CI and PEG. Both

the chemicals were effective in preventing the age induced leakage of solutes even after ten

months of storage. /\ similar study was produced for-leek seeds (Davison and Bray, 1991).

Electric conductivity of seed leachate was negatively correlated with all other seedling and

biochemical characters observed during the storage period for both varieties. The leakage

was more li,r Ujwala when compared to Jwalasakhi. This investigation in the electrical

conductivity of seed leachate evidenced that osmopriming treatment is operative through

membrane integrity of cells of seed tissues.

5.3 Cytological observations as innucnccd by osmollriming, varieties and ageing

The cytological examinations after priming sbowed that the mitotic index values

recluced on an average 10 51 per cent for both the varieties as the storage period advanced

from one to ten months (Fig. 4a' and 411). The chemical Na CI and PEG used in this study

ilnpmved thc appearance of early mitotic ligures (I'lale 4) which may be due to the partial

alleviation of the restricted mechanisms for all cycle advancement and proliferation,



4a Normal mitotic cell division stage in chilli var. .Iwalasakhi

4b Normal mitotic cell division stage in chilli var. Ujwala
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imposed on dividing cells. This was in agreement wilh the findings of Mozaffari and

Gahan (1978) in root apices of maize, pea and vicia.f(lha.

One of Ihe changes associated with seed ageing is aberration of chromosomes, some

times referred to as mutagenic effects. Chromosomal changes have been reported in old

seeds of rdatively large number of species of leak, maize, chilli, pea etc. In the present

investigation any type of chromosomal aberration was not able to detect during the ten

months of ageing period. Rota (1986) reported that ('a!'.,iclIm annzlllm L. seeds subjected to

different acceleraled ageing treatments showed cbromosomal abcrrations in different

degrees, the severe treatment recording the highest. From the present study it can be

suggested lhal genetic deterioration has little effect compared to biochemical deterioration

in loss of viability of chilli under ambient conditions of storage. The senescent lesion due

to genetic deterioration may occur only when seeds are subjected to accelerated ageing or

when th« storage period extends more than ten months.





,.

SllMMAllY

Investigations on "Cytological and hiochemical changes in aged and osmoprimed

seeds of chilli (( 'lII'SiCIIII/ lIlIlIlIlIllI 1..)" were conducted in the Department of Plant

Ilreeding and Genetics, College of Horticulture, Vcllanikkara, during 1997 to 1998.

The ohjectives of Ihe study were

I. To study the dillerent types of cytological and biochemical changes in aged

seeds of chilli

2. To investigate the effects of osmopriming in chilli seeds.

3. To study the feasihility of osmopriming as a technique m overcommg

physiological and genetic deterioration of stored seeds.

In this study fresh seeds of two chilli vaT. namely .Jwalasakhi and Ujwala were

stored under ambient conditions for ten months. Random samples were drawn from the

seed lots at monthly intervals and subjected to osmopriming. Chemicals namely PEG

()()()() and Na CI were used as osmoticum on the seed lilr different concentrations and

durations. The osmoprimed seeds were tested for various seed quality parameters. The

n:sulls obtained in the present investigation arc summarized below:

During the ten months of storage in absolute control the germination per cent

dropped from 81 to zero. In case of hydroprimed seeds the germination dropped from

8267 per cellt til 8.~() per cent. 11 was ohserved that osmopriming seeds cOllld

n:markahly improve the germination per cent to 4() during the tenth month of storage.

Variety IJjwula (5854) recorded higher germination per cent compared to

.Jwalasukhi (55.31). The chemical sodium chloride recorded highest germination per

cCIII (5<).10) com pured 10 1'1 ':C; (54.75). Thc chcmical concentration C2 (-1.5 Ml'a)

recorded highest germination' percentage (58.43). The 48 hour treatment duration

rcgistered best germination percentage (58.54).

Application of chemicals specifically sodium chloride was lilUnd to be heller in

improving, germination of the seeds at various months over water treatment.



Interestingly germination could be retained near to 50 per cent during the ten months of

slorage. Another important finding of tbis experiment was that osmopriming produced

early germination i.e. in the case of osmoprimed seeds germination was completed

within seven days, whereas it was extended or spread up to fourteen days in the case of

hydroprimed and absolute control. This is a very promising character.

Vigour index calculated also showed similar results as that of germination.

Variety Ujwala showed highest germination. Among chemicals used as osmoticum

sodium chloride at -1.5 MPa concentration for a duration of 48 hours gave better

response for both varieties.

As period of slorage advanced seedling abnormalities were visible in the absolute

control and hydroprimed seeds. Two types of abnormalities were observed (I) short

stubby roots (2) trapping of cotyledons in lbe seed coa!. This may be due to the

decreased vigour of seedlings. All osmopriming treatments could significantly overcome

this by producing only normal seedlings.

The biochemical characteristics studied showed similar results i.e. as ageing

proceeded there was a progressive reduction in the activity of mitochondrial

dehydrogenase and soluble protein content, the tenth month recording the least.

Osomopriming treatment could significantly improve the dehydrogenase activity and

protein content over the control. Sodium chloride gave better results compared to PEG.

In the present study irn:spective of the variety as period of storage advanced there

was a eonlinuous increase in electrical conductivity of seed lellehule. This indicute tllUt u .

greater membrane dumage has occurred along with seed ageing. Osmopriming could

restore this damaged membrane integrity to some extent showed by the decreased

leacbate conductivity.

Cytological examinations revealed a decreasing mitotic index as agelllg

advanced. IJut osmopriming was able to increase these mitotic index values compared to

control, which may be due to partial alleviation of the restricted mechanisms for cell

cycle advancement. Any type of cbromosomal aberrations were not able to detect during

the stonige period studied.
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Thll prllsllnt study llnlightens us that

I. Bioehllmieal dllterioralion is the major reason ftlr the loss of viahility of chilli seeds

in storage and genetic deterioralion has little efrect during the period or ten months

undcr IImhicnt conditions.

'l Tcehnique of osmopriming can he suggested liS post storage measurement for

maintaining vigour and viability in chilli seeds.

3. Though PEG and Sodium chloride arc effective as osmoticum for post storage

priming technique, sodium chloride is most economical when compared to PEG.
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AUSTItA<T

Studies on seed quality aspt:cts in storage of chilli variety Jwalasakhi and Ujwala

were undertaken in the Department of Plant 8reeding and Genetics, College of

Ilorticullun.:, Vellanikkara during 1997 to 1998 to study the different types of cytological

and hioehemical changes in aged seeds of chilli, to investigate the effects of

osmopriming in chilli seeds and to study the feasihility of osmopriming in overcoming

physiological and gendic dL:lerioration of slored seeds.

The germination studies conducted during the ten months of storage period

revealed that chilli seeds lost viability completely from the nineth month of storage

onwards in amhit:nt conditions. Hydroprimed seeds germinated to the tune of 13 and 20

per cent in Jwalasakhi and lJjwala respectively. Under this conditions osmopriming with

chemicals 1'1 (0 and Na CI significantly improved this germination per cent to 40 as

observt:d during the tenth month of storage. The chemical Na Cl with concentration

1.5 MPa and 48 hours duration was found the hest. Among the varieties lJjwa1a

responded heller compared 1o .Iwalasakhi. lrr<.:spective of the chemical all osmopriming

lrt:atmenls produced uniform seedlings compared to control and the germination was

L:OmplL:led within seven days under ideal conditions. In general vigour index and root

shool ralio also expressed similar results to that of germination:

Studies on hioehemieal characteristics revealed a progressive loss of activity of

mitochondrial dehydrogenase and soluhle protein with ageing. The electrical

L:Onductivily of seed leaehale also increased with period of storuge revealing the loss of

melllhrune inlegrity resulting iu leakage of edl L:Onlents oolside the cell memhrane.

Osmopriming treatments were able to repair this membrane damage to a good exten.:t and

increase the level of dehydrogenase activity and soluhle protein content compared to

control. 10 hoth varieties sodium chloride with -1.5 MPa was filUnd the best trt:atment.

Among varieties Ujwala responded hetter than Jwalasakhi.

Cytologieul sludit:s revealed a reduclion in milolic index valut:s during storage

irrespective of the variety. Osmopriming was found to improve the mitotic index values

over hydropriming and unlreuted control. Any lype of chromosomal aherration was oot



d..:t.:ct.:d during th.: ten months of ageing p.:riod. Ilcre also sodium chloride with

1.5 Ml'a was fillllld to h.: superior.

It can he concluded that

I. Th.: loss ofviahility in chilli seeds is mainly du.: to hiochemicallesions

'J Osmopriming was found heneficial after two months of storage in chilli seeds,

hecause chilli se.:ds could retain the innate capacity to germinate and produce quality

seedlings up \0 two months of storage period.

3. PECJ-6000 and Na CI can hc used as an osmoticum for post storage priming

treatments in aged chilli seeds. Na CI can he advocated more economically

compared to PEG.
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