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stuilio! on 11!!u6 Cultule of xa!,otrt?t t'lp'atlna ll.'l 'entn 
ot rurt

'rh6 pultos€ of these inv.ttigttions E! io 4ltivat€

nat'olfia ..rP.nfin4 .c811!-s tis!u. .nit to regultle dilferentittion

tot ln aitta pfopag.tio. L€af, .iem anil root exPlants of

R. ..tpeariaaBt. cutilred on llurarhige snd stoog'! (1962)? vnit'rg

.odifi€d (noot cultur€) and Abou'M'ndour (197t) n'ili!' {it\ th'

3upplenentation o{ cocotut r t, ct3€in hvdrolv3'te, vea5t extttct

d3 orsanic nuttients and diffolcnt concentratione 6f various

Dlant grouth reSulrtors as 2,4_Dr NAA? IM, ABA, Kn, BAP' 2iP

.nd adenine sulphato for ca11u3 folnation 
^nd 

ct11u3 culrure '

Moiphog.n.ttc studte3 *.!. G.lried out 
'nd 

root and sboot

itiflereatistion r3s tchieveil. Th. iliff.r€ntlttion of loots

no6t1y occu!!.d in 3ten callu! .nd to a 1's3er d'8r" in root

clIlus. Thc tt ,rt!, difJe!.ntt.t.d roots {et' cultuleil succoes-

fuUy botn for Proptgation of !oot3 .nd for callus fometion'

Tn. lhoot dtff.lenti.tto! schieYed in s!'! c'llus' l'd

torards plartlets fomatior. the plantlets x"' ttansfefed to

roil wne!. tn6y llourisned .1no3t ltnilar to fltld glovins !lart!'
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I NTROOUCTI ON

The tern'rTisste Culture'r is nornallv ns€d as a blanket

tlo clrture of .11 plant patts ranging from a

sinelc c€lr to o Sroup of cclls, or tt otgan as a {hole. such

t..hniquc D.ovidca a unique opportunit' to stDdv in depth the

biochemicar, bioD,r)'sicar .nd sttucturll cnars€s occuting ilur-

iDg yarious ph.3o3 of Pratt dev.lopn.nt (Thota3 tnd o'vev,

1975), The cultural techniques ar€ usod no{ as 5n arternative

nachinisn for th€ asexual lroPsgation of vaiious plrnt species

(Murasnise, 1973).

Tissue culture has extend.d the aiea of invotvetoent

lror the stDdy oI totipotercy o{..11 (st€'ard 'r aL" IgsB)'

to the study of synthesis o! pl4nt constituents in susp€nsion

curtures, the cultlre of nerilten, lollen ana protollasts,

single c€1l clo.es, plant tunors' biocieni'al nut'nts and

soDatic lrdtidiz.tion [l.iitr!, 1979)

The n.nbers of fanilv Apocvnaceae such as 
'acdoltta

.eryenti.ra are goining nuch irterest for tirsue cultur€

studies due to the Piesence of indoLe atkaloids Thele have'

ho{ever, been relativelv fev studies of tbes€

nins aro{th raquircnents of thc tissue or plant lcgencratto!

in culturc (zcnk .t aL:, rgtli ohta .nd Yataza{a' 1979;

stoctist e, a/., 1931). Eve! since tie eallv studi€5

(Dabcock ard car€r, 1962; Mitra lnd l(au1, 1964)' uhlch are

g.nerarry rcSdtded as the first investiSaiidns on the 'l'
oerya^ti^d .\lt$e, att€ntion s.ens to nave be6n focussed on



tne .hcnical 0f th€ ctltlres. Little 13 known

of the arovth requiretrents of loni duratior carrus cultures

ad plant regeneration ln aatuotfi. sleci€s. Thererore' the

prescn( :lvcstisrl'o1s rcre underlsten H'th the ob)cci of

extenditrg olr knoxl.dse of tissu. curture stldies of izdott,a
sezpo^ti.a 6n.t a.hievlng easy prop.Sation of this vild
nenb.r of tne fsnily Apocynaceae. The najor souice of roots

of l, setperta\. used rs rav laterial for the eatra.tion of

isolated ar*.1oids, cht€{ry res€!pine, r.scimantre' ajtr.1ir.

and aJmricine presently are thc vild prants

RaNollia .eryantiaa Denth ex xurz gio{s vild in Indi!'

Bangla D€sh, Sri Lankar Burna, llalava' Thiland and Java in

noist deciduous forests ranging fton sea level upto 1200

ner.rs. Ratuolfn4 species cannot be easilv curtivated due

ro v.rious l.ctors thus linitina the!r extcnsive culturc'

Propdg.tion of th€ plant hv neans of seeds hls so for

not bccn f.xrotrrtly srtislactory. studics on scrninrtion of

viabrc seeds al R, 
'etPentina 

shovea a gctnination porcent-

age fron 10 to 75. (l'jitr., 19?6a).l'toreovor' the unf'vouiable

clin.tic co ltions, as varvinS degree of t€nperatur€ and

pcrccntage of hunidity plewailing duiing the mnths of Julr'

 u8lst, caus. shrivellinc uil desiccatiot of the endospern'

This afests in tuin the developrent of innature ehbrvos and

thu! cause the fomation of rot'vi.b1e seeds in rarge nun_

b€r (llitta, 1976a). other reans of ptopasatioa are bv root

stunps and by root, sten anil leaf cutting5 (6eo!8e, 1964; Sitaran'



3

1973). of these the ontv netlod rntcn siv'! htsh perc'ntate

of successlul Plants i3 tie prop.g6tio! bv root cuttings'

Hoveye!, the alkaloidsl contert of loots flon plants rrised

by root cutttngs i5 less tha^ th6.e rsis€d fror seeil (Sttarm'

19701. Futthemore, th. loots ar€ not ch"isned for proprs'tion

b/ the Clov€is du€ to their denard in the drug narter'

This stritv ,o!ld Provide aitvantages 
'xPe'ted 

fton

tissue cullur€ syst€ns ove! th€ convential cultivation of

{hole plants, Tne detsiled knovl.dg€ of c!1tu!41 condittons

aoi cstablishins tI)€ continlous cultures of R terP"ttna

,ourd bc h€1pful tovards chenical stuities snd the production

of usclul taldoztta !lkaloid5.

Th. diffe!.ntiation of toot5 in cllturer od 3lbsequeai

prolasltton of th.se toots rolld en.ble to relieve th€ t'li

ance on vild plants Th. diff.r€ntiation of shoots and tlant
regener.tion studi.3 volld h€lp to ov.icon' the difftcul-

ttes pres.ntty tet vith tie Ptopt8ation of R' astpe^tn^a br

Fron tne lit.ratuie it apP€ars that there still e:ist

nany asp.cts to !c .tprained in the tissu. cllturing of

R. 6erp4nttka. Ther. is a racl of detailea knowledge of

cultural rcquirenents an.l of !1ant reaen.tation ln the

presett itrY€stigttions ot R. ..ryanta^a tisslc cur re' a

fairly dctoiled study kss nade of cultural r.quirenents of

R. 6erPe|tlna tissue cDttur€ oreover special attention



{.s tai.l to thc nt.nt r€scrcr.tion of F. satpehtird throu8h

shoot bud differentiation in callus curtures



REVIEI{ OF LITERATUR!

The par€ncltvMtous cells becone a€ti'temtic i! the

vounded parts oI thc pldnt. Tllis phodorc.o. r.s notic6d

first by tlabellandt (1902) in paroncnvm of potato. I'lor€over'

ttlis pro..s! nignt f.id to the fotnati.on of I ness of undi-

fferentt.t.d cerrs .3 obrery.d ln other pltnl !peci... ctllu'

can oft€n be induced in nanv prant sPecies vhen the PoundinB

is conbinea vith ireltrcnt ot vsrious svnth.ttc ana n4tlrsl

auxins !.d c/totini.s. This nerly forred

1ac*s intefnal organitation irto distinctiv. tlssue syslens'

The tissue, neverthe!€ss, has th€ potentlalltv for lornal

tissue dtffer€ntiatlo! and tltis Potentialitv ls often exPlessed

during llclline or tlE round.

crllus cultrrcs urc uslo11y ostabli3h.d lron vclcta_

tive.nd rcprodu.tiv€ orgars of vltiols plart species'

rc rirst c{llns cstalrlishcd bv

cauth6r€t (r93e) fron the roots ot Dalcto o4,atd Late!, other

rortels reported c.1!u3 curdres of cariot (Donansr(a 6nd Aldona'

1976; Bcnder and N.utan, 1973!) and oth€r angioslems incru-

aing a najoiity of n€dicir31 Pl.nt specie3 I N'ntha p4p'rnta

(Lin snd stdba, 796I), Dis1ta14. Lar4ta a d D. Purpur.a

(st!ba, 1962), arni ra.tagt (Iaul lnd staba, 1965' 1967)'

,, 'djr, (chen 3t ar., 1969) blsonsLta to.^tnsr'a'!6



(subrananlan et aL , \96s), caoota.enna (Rt\ tt al ' 1974)'

Pesa\un hatnal'a (N€ttleshi! and slavtor' 1974)' Pa at si"tns
(Jhang .t ar., 1974; Chen lrit Stab., 1973)' Ca^unba6 sattta

(rto*!{s e. dt. , r97s), Rhewn Palnatd (Ftnt. .t at. ' r97s) '
suettna iap.ni,ca (Mlura €t at., 1978), saLalun La'nnnata

lHosoda dd Yatau a{4, 1979).

The ca1lus cultures ver. also lePort€d fot variou3

gynnosparN (Ranarat and Aryd, 1979i Javeed ,t 4x. ' 1930;

Jarsson lnd Botnnan' 1931), f.tts (Mehra and Pent.l' 1976)'

Mosses (Hahn ard Miller, 1966J, th311oid liv.rvorts (rrahi' 1972)

and mrine arsa (sa8..t at-, 1932).

the above list is not othaustive' as th€ {ho1e Nnb€!

of r€portea plant spectes titlt established 'a1lu! cultur€!

is too 1ar!€ to b€ r.vieted h.t..

a. CEllus fornatior or leaf emlants

vascrlar csibia (khite, 1963), cotvledo.s (witnEn'

1960; Itr.Dllah, 19321, leaf n€5opiv11 (Joshi 3trd lar1' 196t)'

p!ovascurai tis!u. (v.nk€tesfa!n, r962), ?!otoprasts (coD3'

tabol .t ar., 1973; K.rtha .tal., L9741 Nagt and l,aliga' 1976;

Potlrloe.t ar., 197?; shepald.nd Tott€n' 1977i Bajz) 't aL',

1973i Slmords .a dt.,7979t Fotle.t aL.,l93l), bulb scales

(stin.rt and ascher, 1973), p.tiol.s t?i1lai .nd sildebratdt'

196sgi FuNta et 4L,, 1s72), fronds i! aquatlc pL.nts (Ch.ns

and Pno-ling, 1976)r nesocotyle.nd coreoptile segnerts in mono-

cotyl.dons (vuilllure ! t Deshay€s, 1977) €4. produce orrus



in l.af cD1tu.e. Th. cal1us foination on 1.6f €'alatts vas

report.d for vaiiols pl$t sp€ci.! trcluding 3o'at8 'rLgat'
(xobrits .nd srarh.ch, 19?6) cLv.i^. ^at 

(Era^s,t ar" 1976),

crctaLa,4a innoea (Ramrat 3, ar., 1977)' suS.rcsne (sddc'a'M

affiotaa!,nl (Ji-3ht, LsTs), ie.Lra oatl,4 (Chand and nov' 1900)

soLana dsrur ( lfln ud rlnhi, 1032).

ttitra et aL. (1965) obtain.d the loaf caltus cul_

rnr.d af RdNaLtt. ..,p.^tnaa bf .cttvatiDg tb€ phloor and

parenchyE around t[. vascula!liion of leaf 1anitra' Callus

cultlr. fron leaf ot R. ..rp.rtan4 rsre a13o r6port'd r!t't
by Mttra and cnattun.di (19701.

b. callus forBtion on stem expradts

vlscur.r c.rbi. (rhite, 1963), stor!8. P'lencivE
(skoog lnd Tsui, 1948; stevard .t a1.' \gsz)' pro-varctl!!

tissue (venletesvarn' 19621, and pith (Iithan' 1963; Pirlai

and Hitdebrandt, 19684, saithu, 1974) can Produce callus in sten

cultur.. The c!11u3 forDtion on stei e4laats ras report'd fo!

various plant s!.cies incluiling suaflo{er (,dt;dttt!u d"!!t)

(Hentlerson,t a|,,7952), cntrvt granah (ch.tBledi 3t dL',

Ls74), chai..la t.!,atd. (cheliou .t d1. ' 7977) ' ca'dtlrna

er.tratd (Regupathy et aL., 19771 aa*ioatla ohanoniLla

(szole, ui at., rs77), caotol'atia J!'c.z (Rartvat .t 4t.' 7971)'

solakrn nns?||n (Ahr.n and t1ahi, 19321.

Callus cultur€s fron stetr of Raurauia..tp."tnna



are arso reported (tlitr! ad (a!l, 1964). itra et at. \r96s)

vorking on the induction of callus fron stem s€grenas and

l€.ves of a. setPentind Iont\A that pith, phlo.d and .ort.x
lultiplied to for! catlus in perveen (19731

observed th.t calrus vrs forreil fron sten 3.!n€nts of i.
.ezpenta\a, \hen the b.sal ((nop's) nediun vas suPplonetrted

{ith 0.1 to l.o irs/I oI indore ac.tic acid rnd rapt\vlene

ocetic .cid; 0.1 to 0.5 nEr'r of 2,4-aichlotophenoxvac.tic acid

and 0.5 to l.O ng/t of indole butyric acid. The suPplenen_

ration of culture ediun rith 0.01 to 0.1 ng/l of *in.ttn,
1Oi cocorut-nirk.ril 500 trgll o! casein nvdrotvsate

{ith abovc ncntioncd luxins ha.l stirulatory offect 6n cdrlus

c. callus lo.Mtion on root explants

storage parenchym (Ni!!lns, 1954; Nttsch and Nitsch,

1956; syono, 1965; SinAh,t az., 197C), root pericvclc

(Coldacre at at., 1967J, nor phloen [Fostct and Roberts, 1965)'

hypocotyres and radlcl€s (chalupa .i ar., 1976; Anin' 1932)

can lroduce calrus in root cultlrc. callus fornation on root

crplarts {as reported for various plant sp€cies includin8 ctrrot
(syono, 1965; Ynn.slchi xnd Na*aji'4, 1966; SalGno and Komnin€'

1973), tonato (LloaP.r'tcoa e6.rLs"txn (Norro^ and Boll' 19s4),

Attupa b.ttaaoan4 (wcst and Mi*a, 19s7; Bhadaiv et al.,1969)'

rice ( orr.a .Ltitd) (\zl.azz*^.t aL., 1967 i cat .nd Uven' 1976)'

solM taai\iatw (R€nbet, 1967), vidta J'zrd (6tadt and Furl€r'



1968), Pamx sinsena (slepyon, l97l; chant .nd llri.gr 197e),

ctotot.ri4 lt^6aa (Ran.w.t.r 4t., !971), ttatfncd,id oh.nonitLa

(Sizoke, et at., 1977) and soy b.d lcl!.ahe eai4) (Davidoris

Mitra and xaul (1964) r.po.ted thc foma.ion of

cal1us tissue fron the r.dic.l (root) of .n inocurated

ercised enbryo of Rat"olfld r.rpdrtt'a erovins on clltur.
nedium suppl.nented with 1.0 ng,/1 of 2,4-D and 10{ coconut

d.@
The cultfes !roducing cellus are .1so teport€d

fro! various r€productlve o!ga.5 of th. p18t speci.3 such

a3 entir€ florels 1^ $atricatl4 ohananilla (szoLe, .t al., 19771',

{1orei !€dic€ls i,\ soLanun ,agtun (a*ran and rlahi, 19321;

!.thers in o..a"z' (Abo-lr tl .nd H d€br.ndt, 1971),

cht!.aatisnth (a.t.nabo ,r al,,1972), sr..r cherly, str.rbetry

l|lasatna a..ca) (Degeida e, dr., 1976), Artoed belLado,na,

nlootaa^a tabacun (Bajai er at,,1973)' Mj,cro-and ner.sporophrlls

of cFnosleiB (Borg., 1974); pollen in ronato (Snatp...L.,
1971), tobacco (Shatp eN a|.,1971; I'laliso .t 41,, L973),

Pi^us rcsino.a (Bonga and l{cinnis, 1975) frlits in 6ola4@

ndgrn I ardal and Gailgit, 1979: Akru 6nd llahi, 193?)j

endospern in Ri.cin . connrr;,. (Satsangi and l{ohan Ran, 1965),



rice (Nalono et aL 
' 

rsTs), P.t,o..Li,tn ho!"'33 (M'3uil'

.t aL., !g77): ovul.s t! cotton (Hsu and stevart' 1976),

cated .tn.^.is ((ochb. .t at., 19?3) dd crbrvos in rtcc

(Maed!, 1e71). E pho?bia Prtahet,ana (Nltntajt, 1975)'

B.odLe a.r.ale (Rybezynski, r97a, 1979), bltlev lEo'atun

,!tsar.) (Cranate& .nd coc&erltn., 1973; Bavlirs anil Dunn,

1979) and Ptrle stroD!. (llinocha, 1930)'

II. Diff.lentiation ln Tissu€ curtute

The clllus tissue ren.ir unitiffer.nti'ted o! could be

irduc6d to folb v.riou! pl.nt org.ns trn'l€r 
"rttir 

conditiors'

The !rinordia of slch diflerentisting organ! dre fon'd

da aooo tto a sing1. o! sratl gloups ol larencllaatous cerls,

{hich giv. rise to sntll nerrsieNti. regions.

The folloting types of dtfferentiation ate usualtv

resognizcd in cell and tissne cuttures.

o. Root differentiatl9n

Root foa@tion is the nost conFn tlTe of lecog'

nizabre notphosenesis in cultutcs. Root ilitfeientiation ras

rirst t.ported {ron c.rrot cultu!€s bt Nob.court (1939)

Many othct specics tncluding tobs.co (Skoo! End I'li11or, 1957) 
'

pea (rortoy, jrsss), E.Lia thu. t'!r..,s!, (cautberet' 1969)'

Rice (Naiano ana Maeda, 1974), Poptus et"anttica a (ch'7'pa,

!s74), atrvatne-naa (Fvans et 41,,1976) su3at cane (Nadar

an.i ueinz, 1e77), anio (ALLlta o.pd r.,, prcliferun) lNt dr



.t 41., 1977), Pn,vo ta.da, P. .TLtottii' P. fignda' P.

,dAiata, P, oabaniana, P. rirsi^taia, Psetaatowd .p {Btota

.nd soD.r, 1977), Gin.eng (ch.rg and Hsi.!, 1973)' P,a..a,!,
,,rgu!i' (Htissig, 1979), soLa66 tist,' (lhndal and Gadair,

1979) nav. beon succ.ssfulry studied for th. inductlon of

P.rve€n (1978) toticed the differe.ti.tion of loots
j.n sten cAllus R. s.rp.itnra vhen 1.0 nE/l oI narthvlon€

scetic acid Has iNlud.d in thc xnop's mdlun.

b, shoot bud diffe!.ntiation

Advcntitious buds arise aurirs cutturins fron

orguizcd ve getative tistu. vit c.11us. Th.t lre oft€tr d€rived

fron sintl. or r sdll group of cells and r.adirv rcScnerate

plants (B.r1ass, 1932),

Thc&nonstratlon oa thc lro.bnal c.ntror of differ-
€nti.tion lrd orsanogcn.sis (SlooA and l.li11er, 1957) !.d
proven torlpotency of hisler pr6nt ce1ls (V!Ei1 and rliLd€_

b..ndt, 1965) f.i.t th. Jourdation fo! th. clon.l prop.r.tion

of p1ant3 througb tissue cultute t€ctDiqu.3.

Dcvclopm^t o{ prantrets throudr induccd or roSene-

rlted shoot buits h.s been rearizod ia contoluul@ qrt.n.1e

{Bonrett and Torr€y, 196s), rragonetLa f..^tnszaect (subrada!'

t.n er ar., 1963), Rlce (Nishi .t 4r., 1960), susarcane

(Balba and Nickell, L969), B.gonia !3' (chlvah' 1972)'



1Z

chrysantheuun (ratanaba et dL.' 1972)' saopoua Pattifalna

(Tabata et dr., L97z), Eqhotbid PtlctBt'ina lNartrzjt et at''

rg7!), eerb.tu ian..oani Qierik.t aL.,1973)' P.t, na

nalhtd, P. hab,naa 3ao et al.,1974), ?oprar (challpa' 19741'

u.tia tt6 a avu (sadnu, 1974), EaseLLa dandtctna (RaBn and

G.c),son, 1974)' ueaicdgo satata (s.ondcrs a sinsia6, 197s),

Grap€vine CV, Cabotnet-sauvi8non (Mul1ins and Srinivasan'

\916), Pi.edAnco, Pneua.rwa h.aoiesii' (Ch'lupa' 1977)

tacopa nonnieri (Thatu; '' at., L977)' si.!nb'7tn a'ao

(Prrce* and chandta, rs??) cit.r. .i,e&na lxo'nb^ 't at',

lsTs), t.th!'!. ,e.nr,s €v LsD_6 (Mukhopldh/6v ond $hojw"i

1973i Banks et 4t., 1979) and car.ation (,t4nt'r" caraophllh')

(Roerr and sorelnann. lcs').

litra and ch.tturveili (1970) leported th€ differen-

tiation of "or!.nizcd bodies" (netistens)

.lp1ants 6f , ..rP.ntt4a Etovlag on nodift€d Mu!ashige and

skoog's agar nediur containirg kinetin (0.5 ng/l) '
aderine/aderine sulpiate (10 !g/r) lnd casein hvdrolvsat'

(SO0 nel1) or y..3t eitract (2OO nslr) and rot (t/v) of coco_

nut n!rk- (MutashiS€ .nd stoo!, 1962)

Lnbryoi.le tornrtion

Tie nost 3pectacular de[onstration of th€ persist-

€nce of totipotency in the cclls of hi Sher Drants is the

!.!eneration of vhole plant fo1lotin8 the induction oI elnrvoids

lr somtic cetl culturcs. Tlrc onbrvoids uerc rirst obtained
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ln cellr fro. tlssue culture o! clrrot (Reir'rt' 1953 q 19s9)'

Th. €nbltoiita totmtioa in cell .nd c.1lus 'ultu!' xas

later beer conlirred vith both cultlvated and cl1<l vari6ti€s

oI cdrrot ((ato ond Tokclchi, 196!; Stetard .t aN ' 1964i

Hatp.iin, 1966). Moreover' i. rttlo enbtvoeen'3lE h's arso

!!.n relorted itr 3peci.s ftod !u.ro!s Fngiost€rG inclu-

4!rE Rasr,tlu. .oL.,at!. (xo .t .nd Natarlja' 1965)

D.na,opthoa faLoatd (Johri and r.JrJ, I96s) sordn'k n'Lonetia

(Yanrda 3, at,, rs67-, Atropd t.tlddat.4 (Thont3 and str'et,

7g1OJ ' colfa.o'.P,D!a (staritzkr' r97o)' Btut'4o4 oL'r4cta

(Lulttn€c .nd fior.l' l97o), ttonu. i^"tt' (contuber 3' az '
!g7g) sihappi. dur. (t.jej ald BoPp' 1972)' nlgtl'a itqtueo'na

(ianAn and Greysor, rs74), 
^\tntrhnn"n 'aJ" 

(San8a8n and

H.rda, 197sJ, Pilnpi^.Lla anit6 (fiuhui et at , 1973)' Susarc$'

(Ji-Sh!, 1979) .nd in valious ii3sues of cv€'& (tlotstoe and

Tneie is s faitrv eit.nslve litelatur' or tlle in 
'itra

.rbryogelesis but this {i1t not b. discuss'd lutther here

since soMtic .nbrvoacnesis {!5 not considered tn the pi€s'nt

itrrostisrtior! .nd conprehen3lvc !.viets 6t€ alr€aitv

av.ilab1e (Reln.rt, 1973; Naray.D55',anv' 1977)

IrI. glger_lgIglg

Vartous plant orsds hav' successfultt b6e! curtivtted

and tne rort conc.rnina orean culture h's bti'flv 6een

rovie,ed in tne follo{idg pas.3.



The filst 3u.cessfur f,ete those of

xott€ (192?) and Robbins (19221' rho indetend'ntlv ols'rveit

the grouth of eaclsed root tips on ninetal solqtione supplc_

rentcd uith sugars, aspansin€ :nd P€ptone whit€ (19341 cul-

tur.d ercis€il root tips of LYaoP.!.ioon eacul'^trr aa 
^

riquid teailn containing inor!.nic s.lts' v'a3t 6xt'act 
'nd

suclos€. since then ercised root cultures have been establl'

shed fron nuerous plant sp€cica rik€ pea (Tor!er' 1954)'

,ed aas. (ra^s, rs69), vicna tdDd (Caant and Furrer'

IsTr), At?opa b.tt.aonna ('rll.oias ana stleet, 19721 Balrev

(Jacobson ard Youn8, 19751, B.trt4 P,besce^o (Mo ol et al '
197s), C€rears oras.arenhas .t al.' r97s) ' Ld'it snbnrtca

^nd 
t, sn.Laain (rlo!ot, 1977), Raphda6 satttrt (E\tns 

^ud
V€rvirr., 197s1, BtsoPhstxtb carual.tn (Robbins and Hervev'

197s) rnd ferns, (Kshirsasar and Xoht!, 1979).

!it.a and l(aur {1964) rcported the culture of crcrscd

seedlina roots ot R. se'Peatara bv de supplen'ntation of

bas.l nediun vith 1,5 ppn oI indol. acetic acid and 
'5 

ppn

of adenine su1phat.. continuous cultlres of loots of

R. o.tp.^&n4 fer€ bai.tain€d bt nitra (1968) otr a nodifi'd

b, shoot buds cultute

Robbins (1922) xas the first one to cultlre tne

shoot apices. The 3hoot apic.s coulit be inauced



i! cultu!6. Developnent of conpl.te p1.nts have bo.n rchieved

fron isol.ted shoot sptcar ret!'i.t ot st.LLalaa t,drc (l'rhite,

r93a), ,rop..oLun daiut, Ltpisr. atb@ (A.\l, 1946), s.qaoia

.i,pe@.it.n. (Barl, 1950), Dahlirs (li!or61 .nd H3rti!, 1952),

Potato (xalsanis, 1937), ch,lsanth.n,n ch.ta,1a.!aL[un lct.uat
.nd snana, 1973), c.lanrd (Pillai atrd H d.brandt, 1963),

,6p4!4src (r,{ur.shia. ;r "1,, r91Z), sa.ifraEa .P , , B.eo 1..p.,
e.rbera Jan.sonin, Ic.ra !p, (tlurashige, 1974), Eotd.tn vtLgat.

(cneu a Saith, 1915.) Lotiv itrtafl.,@ ln.k, L975),

cap.etla brr.4pastoti., sena.io ourgatis (laP.t lnd R!o, 1977)r

annhot ...ute^ta (n.y and Mroiinsii, r97A), Cnce, dri.tnttn'
L.as .sotN.nt"n, Pt.rn .atirsk' Pha.eatvs ar!.t6, P. arago

(Brjaj and Dhanju, 1979), ,tnd utitatl..irs (l-de, 1979)

.rd strarb.fy (xarrh. ., ax., 1930).

shoot aevelopn.nt ard rdlfferentiatlon' in i.
..tpe tire ts rcportod by Pe.vccn (1973) ,hcn tnc b.sar

i.diu r.s 3!p?1er6nt.il viti 0.5 rgl1 rgpthalenc !€.tic
acid and 10 ne/1 kin.tini 0.01 igll and 0.0s iB/l tndoro

sc€tic.ciil rith 0.0! og/r &iretin and rith tne addltlon of

10i cocorut rilk r.s actullly tlD tevival of grorth In

shoot bud alleady €xi3tins on th€ inoculated sten e4l.tt
{iich in turn siNltaDcously ptodlced both the ca11u. and shoot.

Bo3tdes root .nd shoot .pic€s, zygottc enbrvos

(Naiay.na3rdni a.d Norstog, 1961), po11en (Tulecl€, 196s),
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seods (staba et aL., Lg6S)' floxer bnds (Bl!t', 1966)

reav.s (steercs and suslea, 195t) rnd bulbs (lt'ath and Holll's'

1965) h.v. been.ucc.3sfulrv cultuled it 'it!o'

Iv. !!l!!!:i9r--q!-!l!.L9
The earli6st susp€nsioa of clltured plant cells

cap4b!. oI repeat.d tubcultur6 ,.r' develoPcd frot iitati4na

tab.4*n 
'na 

fdsat...t.ttz {ltuir, 19s3) susp"siotr cultur'3

cotrpoee.l of free ce115 and c€ll .gllesates f,€!' also obtair'd

fro! p.. (Tofey.nit shisorut.' 195?), catrot (xt!o 
'nd

Td.uchi, 1963), Rtc. (ttraeda, 1965) ' eunt46rtut toLetatr'

((oFi and Natar.j.., Ls6s)' Ao., Pt"aopht'nrt (Klis 't aL''

rg73), PhdseoLB urtsalts (Arirson and Bo11' 1976)' t"6a

btd.tL4.s.is (xil3on., dx., rs16), cltaiava ttt'ata (Cheni'ur'

et at.,lg77), cathard thr. !,t.t. ((Drz tt 
" ' 1980; xltn'v

.r al.,19s0], lron nonsl and tmoi tissu" of Ptasa

gtalca {neinert, 1956) dnd fior haptoid tir3n6 ol Ait'rth'nun

'cr$ (Melcnei .nd Be!!mr' 1959).

Tiete have b.en nanv studi€s of sutpGn3lon culturo

of plants for varlous.reasons But little att'ntion ha5

be.tr p.id to th€ lu.P€nsion cultu!' of i "'p'nt+^d 'xc'Pr
tnat luch studi.s h.ve b€en laltrlt {ocusted ot al}'loid for'

natior (vollosovich at aI., !917i Ni*o1a6va t* at ' 1977i

sroc*1gt ,t dt , 193r).
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Plfrtraceutical Ttssue Curturo

The recent snd rlpiit advtnces it th6 d'velopient of

prant tissue cultut€ t.cbriqu.s L.v' a11ot€it th' targe scal'

cultivation of llant tissue and €xPloratior of their biolvn'

thetic crpahllittes. Ralidlt 8lortng sulp'nrion cultur" oI

ttxa gtar.ok^. 5trult.neouslv produced wolt ' oils {Cordu'n

anil R.tnh.rd, 1972), fut.nocoumrtns (austitr md Blom' 1973)'

ana a1ka10tds (BoultDser .t dt. , 19731'

It Japzn PhgtoLac'a ai'!1"'a srspersion nediM i3

being corrciciatrv ulea.s a plant virus inhibitor (Liu' l9?1)

Divetsj.fied plant n.tqbolites (Routien anil Nickell' 1956i

Metz and Lang, 1966; Rob€tt and Mccornict' 1973)' dioss'nln

(strb!.ntl xaul, 1971), Sins€no3id€s (Funva 
'nd 

Ishii' 197?'-

1973), Sucyrihizit (T3!aki 6t at ' 1973), L'dopa (Btain'

1e74) tnd arrerscn3 (staba ord shafi€e, 1974) oie beins

conDercisllt ptoduc€d Iron llant tissue cultuie'

Decnusc of th. potcntilt ccononic inportuce' clltures

fron olkaloid coltainirs plants hste been iost eatensivclv

develop€d. The !1.rt3 repoited tor these rtudi€s incllde

a*opd b.Lhaonnd (t.st and ttil'r 19571, 
',ailra 

3p (cban

ard strb6, 1965: Hirloka st a,., !gl3)' rPdo'a tnolao'a

(st.b! and Lauis€n' 1966) ' P.saatu hd?nata (Re\nhard tt at"

1968), 
'rta 

g'a'.ot.tt tstec* 'r 4t ' r97\)' scoPoLTa

pat,ntLota (rabtra .t a1., rs72)' ttacteaYa '?' 
(Neuann and



Mueller, 1974), Papar., sonniretrn, P. brd.t'atun

(Ikuta ,t' 4r., rg74) E o.cuanus,tt€r (Dltoot 5nd Hensh6', 1977i

Yanada and frashitroto, 7g3z), E. nltlcta lct.,ar et dt ' 1979)'

c.thatanthts rs.r. (zenf et dL., 7977i (ruea€r anil crr"'
7g7S) a d EPhed?a g.t.tdidna &ara$at and Aiya, 19791'

cultural techniqu€s rer. ertensivelv used for the

productton of crrbolinc (velily, 1972), indolc (xieora€va

anil volLosovich, 197r), edutinir€, furoquinoline (Bo!lanser

.t al., 7g7a), bioscocl.urine (Akasu et at., 19761 and 8lvco_

nrhloids (zncharius ond osnan, 1977) .nd for tne lrodoction

of berb€rine (Furuya ,t at., 1972) End hvoscvanine (Su' 19741.

Cotrprehensivc reviers arc ava .ble on pharn.c.uticar.

tissue cultlr€ tstaba, 1963: Stabs.t aZ , 1965i Staba, 1969;

Canborg.t dt.,1971; Turner, 1971; zen*r 1977).

The aspect of phainaceutical tissue cultuie h.s been

studied Ior i. a.,p.nrl,4 by nany uorters.  ltaloid.l conterts

are !€po!!ed fot R. s.rpentina cs1lus (Babcock ani! cat.v' 1962;

Yoshikara et aL-, 1973, L977i Vollosovich tt ax., 1977i

Nikol.6va.t dZ., 1978; O!t.6nd Yatazra, 19791 and suspensio!

culturee (Nikolaevs and volro3ovicn, 1977i Stocligt.t.r., 1931)
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Expcrinental stlilies {6r. carriod out on ia!,ottt4
s.rpsstt'z B€nth. ex Xuiz. (Fanity Apocvn.cea€). Virious ,arts
used for tr ,it|, cnlture vere obiai.ed frotr plants gio,ina

at M€dicinal Plant Farn of Psli3tan Forcat Institut€, Pesha{Er;

Delsrtnent of Botany, Untteisity of PeshNlr and P.c.s-I.n.

t-abor.tories, Peshav6!. s€eil3 h.rYetted tt Farn of Pakist.n

Forest Institute, vere used loi groving aseptic se€dlings.

Vlrious parts of th.s. as€?ti..llv gro{n 3eedrina! weie 
'13o

MATERIALS AND METHODS

Sten, leaI drd root explants tzk n tto\ n. ssrPertaid

plnnts, wero i.sfied thorouehl/ *ith tap Yater' thon surface

sterilized by treatitS then rith 1f solution 6f nercnric

ciloride r€spectively for 5-7, 7-10 and 3-7 li.utes due to

c1€anaro and sterilizaLion of !Ias3uare

All the slassvtre vas tllhed vith det€r8.nt (surf/

zip), then soated ir . dxtur. of lotassiln dichroMte ard

concentratod sulphuric acid for about 15 ninutes and vashed

ir rurnins ttp rater 5nd rins.d rith disiilr€d vatet' it ras

autoclaved at 1 ts. per sq.cr Pressule,ith 121 oc t€npelature

ster i.ation of Dlant traterial



th€ sensittve latut. dnd noisture

parts. Th€Y '€i€ th€n rinsed 3-S

vster. Th. sten s.gnents 'e!. cut

nents of 1qaf, st.n lnd loot were

the sotidlfied agar nedia.

seeds used for

lizeit vith 1t solution

30 fo! 5 to 10 nirutes

absorbing quaritY of variou3

tlres vith steiilc distille'l
asepticall/. Ste.lle 3e 3:

inoculaaed aspectlcrtlv on

r650

a.isina sse?tic seedltngs ver. steri-

of n.lcurlc citortd. cori'inlnt 1t Tt'on

snd {ash€<t tith sterilized tat'r for

(Ms) lediur (1962) tas

sten .nd lo.f exll.nts
calri. The conFosition of

The inoculatlon tas don. in a st'rilized gl'ss charber

supplicd lLth ultra vioret ltr!t3. Tho chanbet {as funigeted

e.ch rine before using it for the inoculrtion 'itb 'thvlene.
gl/co1 snd spraved {ith ethyl .lcohol

i) xuiaslig€ and stooB s

.nploy.d ror cal1us induction on

atrd for furthc. gio*th or induccd

MS nediln is .s follo's:

Magnesi!n sulphatc

Pota3siuh dihYdrogen

N84 ll03

1t0



2l

l,lic!oprit!i€n!3

x$ganesc surphrte

cobartous chl,o!ldq

(Erl1)

6.20

22,aO

0,025

0.02 s

0.7 5

H3 !O3

co c12 '

1A2 O

1t12O

51r20

6tl2o

t,0o
10.00

1.00

100. o

vit.rin! used lor xs &dlu rere accolitint to 85

r.iliu itcv.lop..l at ih€ p!tir!' i'glonal Labo!'totv' curd'

(Ganbors,t az., 1963).

c.lc!!i chloride t.! ut'it st 2 9 n1/1 0f n'diun

frd the stoct 3orutior r'd' bv ttlssorvi'g 15 3os of

c! clz. 2ltzo in 100 11 of iti3ttucil rtter tccorditrl to

G.rborg .t at. (1963).

sodiun eti/lenedianitr'_t'tta-a'etat' (N62 EDTA)

ras aild.d to th. MS !edi6 st th' tate of 40 nB/I
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Ms n.dIun tas suPplenont.d lith sucrose ar ctrbo-

hyd!6t. routc. at . corc.ntlatlon of 2t.

ii) ,nitets loot curtute &dt@ (Rc)' r! loittlicd

bv st-..! (Tnom.s anil D.vev 1975) v.s e4loved lot itjfieler-
tiation ol root. fron st.. c6llo!, for the gto|th 'f it 

"tta
aiffe!.ntiat.d loots, for th€ in<lucttot of callus on thor€

differ.nti.t.tl roots, aad fo! th. grovtn of toot end 5tes

colli. The conposition of th. RC n.diutr is 'r und'r:

233.0

370.0

6S.0

80.0

21.50

Magnesiun lulPhste

Potassiun chlorlile

I'lsrg.r€3. chloride

ca (No5)2. 4820

lrg s04. ?H20

rc1

xNo5

N. fi2 PO4. 4tlZO

Cu Soa. 5B2o

r1

1.50

0.75



(rslr)

5.0

o.l
0,1

F.rlc .ihvrd!dlui@_t.tr-.c.t.t6 (1. lDT )

r8 !!.al .s 7.Ba rsl1, rhe ttoEt soluito! r5t !r.Prt.d bt

di.lolvlns 740 !i o! NT2EIIT  3!d !2a 4 of .nhvilrous F.flc
chlortdc t! lOO d of .ttttiUql st.!' !.Dm rs u.il ..
1 d/l fror th. ltocl loluttot.

gEid. rG .ild..l $ 1.5i to tC Fdir

E&!!-!1llen!!-!9srs!.-(4gl
th6 ltoct lorutl@ r.! ril6 bv ilit$tvtti 0-52 at ol

c.lclu .ltr.t. C. (XO!)2. aH2O .tit 10 gn 6f Potalsiln tr.t.
ir loo 11 ot dittiuod frter. mt3 .ohtton r.. .dtl.d .. EIs

.rit it th. r.t! of 10 r1l1 to nc t.iltl' $h.! D.ttlon.d. rt r'
s.d rh6 r.qutr.it to ta.ro... th. lltroao ld.l of RC !.diu.

tit) Abou- .trcdr x.iliE (1e77, t.s u..d for th.
grcftb of 1..f, 3t.r .!d r@t c!1ri. Th. cdEotitior of lr{

redid lr .t urd.r:
conc.nta.tron(4lr).

t!ot[!ic .-.1t3

a@ont0 nit!.ta Ma Nl 610-0



ulssrlu sulDhlt.
Pot.a.16 chloltde

dilsodtun hydrolon

us!e4l!d!4E
!.ri.lt.3. sulPh.le

Cob.lro$ chlortde

N:
Ca (N0!)2. EZo

x.2 so4

llg SOa. 7ll2o

xc1

21

(!8/1)

1080.0

320.0

900.0

265.0

65. O

}l. 82 PO4. fi2o

Na2 gPOa. 12I2O

45,0

1S0.0

h soa. tl2o

2n SO4. 7H2o

xg F3
t1

Co ClZ. 6H2o

9,0

0,t5
0.25

0.1

0.5

0.5

,.0
10.0

0,5
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FeBDI {!s u!.il .ft.! lC neiltur (fh@.t .td Dav.v'

1975).

sucro!. {ss .dd.d 3s !l !o Alil !.dru.

1}r Fdlu E !1hy5 ,uEDl{.!r.il litn foUdi.a
srovth !egul.to!. and in tn6 cotc.nt!.tto$ 8lv.n .lttart
th.r, unl.3r otl.di;. ldtton d.

6-!.ltrltrtnoPutiF (BAP)

ait.lt surPn.t. (18)

1-I.ptntr...tlc &id (IM)
xiD.!t! (r.)
2,4-Dlchloroph.aoxysc.ttc actd (2,1_D)

(nt/l)
0.1

,4.0

1.0

0.1

6,0

111 tlF rbor. r.ilia r.r. .orluft.it rtth l.0l Dlfco-

bscto .g!r, Asa! {a! otitiod, lor p!.lartng lurP.nslon

d llquid culturc r.at.. Sutp.rsio! cdl. r.r. q!.d or orD-

it.t .hal.tt. Licuiit r.ili. Ft. tut !!d o! th.l.rt' lnrt!'il
th. lnocul3t.il @t6!l.r! in th., *€!. tuPpoft.il on filt.!

pg of tne v.ltous D.dt. *.s 3iuu5t6a 'itl lN N' oH tn'
0,1{ tlcl .Dil i. Gntloeat .t .pD!oprt.t. Pl.c.! h tn &.r1t3.

iv) Ino?'r ,olltior (G.st!6!.t, 19s2) i.. drlov.tl
for y.t.rtn! o! Ftt;d D1artl.tt obt.h.d ir in tlt!. cutture3.
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It had the folldlns cor9oritl6t-

X.g!.rlur sulEh.t.

c. (lto!)2. rbo

Kos

(4/l)

250.0

250.0

t'{ono!ot.r!lu! dlhy.t!o8.lI
phorDh.te Sz Fr

For !!.!. ol@ntr, Jtv. droDr of B.tth.lotr..olution
y.te ..liLd to ..cl ritr. of lloPr! solutlo!. !.rth.lot't
rolutlon had th. follorlnS cotrPo.ition:-

(4lr)
50,000.0

2,oo0.o

50.0

100.0

50.0

50.0

s00,0

Sterlltr.d dlrtill.d r!t.r v.t used throulhout thi!
1nv.!tl!.tton for -ttq Ddt.' ltocl lolutiot dd.drulttll
conc.rtr.tior.. all th. ltock lolutloN rer. .tor.d .t 'loc

250.0

lld!!6.. $l!brt.
F. (toa)!

xt
t{t clz
zt 9t

f,g b!

xz sa

x8 soa. nlo



ro +3oc., .xcept vit.nins, dhich *ere stored !t '13oc'

4, steriliration of Fdia

For culture 3tudi€s in Seneral, cultur€ tub's 25 x 150

m size lld 1oo and 250 m1 capacitv Erl€nnetei flr3ts vere

polred in tith 20, 50 ard 1oo td of tho mdiun. suspension

rediun uas poured in.s 10 d1 P.i 250 rt f):sts Lint ftee

long stapl. cotton t!3 us€il for plng3ing the culture flas*s'

The muth o! the flasks uere sealed vtth tin foit The redia

rcre stetilizcd {ithin thc c!1turc f1lsls anil tub's bv auto'

cllvins rt 1 ks ?cr sq. cn pr63tu!e anil 12loc tctrp.iatute

for 5 to 10 ninutes (Meynelr and Mevn€1l' 10701

5, Orsantc nutrients

i) Tne coconut nlt (cM) used in tn' nedia las

pr.Dared by collecttna the ltqutd -ndosp.r; fron the unrip'

coconuts. Th€ cl,t cotl€cted fron s6ve.61 nuts f'r hoateit

to 3ooc by stirrint and then flltered and stored ir the

freezer, CM *hen us.d uas rOO nl/l in the reitiui lnl'ss oth'!'

ii) caesin hydrolysat€ (cF), {hen used in I4s and

leilia, vas .t th. rqte of soo to 1000 nsll. CH ras.dde<t

Alt rcdiun as 1000 ne/l,

iii) Y€ast cxttact (YE) Yhen used in culturc n€dia

r.s in concontration of 2000 ns/r tnless other{ise stated.
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iv) Biotin (Vitsni! H) {.. used at r0 n&/1 coDcent-

6- Crorth rcarrntors

Th. folloring pl!!t 8to{th regul'tor3 t'!6 u"il ln

th6 solution lorr Conc.nttattor3 !5'd in tn6 
'xp"lEntal

{ork sr. n nttonod at a}prottt.t. glAces in ti€ !"u1t3 The

growtlt rcelrdtots relc addcd to iho cllture ftdlut tofot'

(ABA)

(AS)

(BAP)

(2,4-D)

(2iP)

((n)

(ca3l

(tM)
(rEA)

(6-Benzyladnopurine) C1Z H1!N5

2, 4-DichloroPh.noxya€etlc

(cslrsl{s)2. Il2soi. flzo

cL2 c6 tt! ocll2cooH

ltg NSo

Azz oa

H9 N02

ffr3 Noz

u? c!12 cooH

6-disthyl.liropurine c? g9 15

6-Futf utyl.!inoDutir€
(Kiletrt) Cro

ciblolelltc .cid Cts

5-In.lol.sc€tic..id CrO

3-lldol.butyricaciil Ctz

r-NaPthyrac6tic aciil ( ) cro

sodtun dietlivldlthloc6rb.mte IsDDc)



z9

,g/ 1 in th. curtur.
of brorntng of corrus,

requlr.dr at. conc€nt!.tion of 2s0

Fdia. It sas used for the conrror

The exp€rimrts {eie carried out ir controllcd

16 nours cycl.d fluores.ent 1ilht cool€d incubators (.xcept

oth.rrise n€ntloned). The exp.rinents

at 23i1oC tenper.tu.. thlotrghout ttis investigtion 6E€pt

otherxise nenlloned.

orbital srEte. rith controrrcd i11utlinatio., tc"P6r-

ature and sle€d adjust.d to 60 rpt, v4s used for srovth of

suspension culiu!es-

Both callns .nd suslenllon cultures f,Ere subculttred

st regular irt€rv.ls ol 20 to 60 day incub.tion lefiod' dep.nd-

in! upon thc r&lL,i'cnctrt of individ!ol c{'crliEnts

ns.ntic scc'llinqs

Aseptic sccdtinls wcro raiscd ror thc cxcision of

lcaf nnd root erplant3 used in investiS.tions on c!11u. for'
mtion and c411us Srovth. se.ds ,ere surfac€ sterilized anil

their t€sra vcre lalually ciack.d urd.r aseptic conditions.

They {€re inocurated on solidifi6d Rc @diun suppr€Ented,ith

l.O ne/L 2,4"D in sterilized culture tubes.

rere plrceil tor seed SEttinatton !t a te4etsture ot 30oC in



!0

Aft.r i.tldstton of ..6<l! !v tilril {.!k, th'
61tur.r sr. l.ft tot . fu.tb.t o@ I..t h d.fl .nil t!.__
.ft.r rer. pl.c.d !td.! 1618 no!r. ll$t: d.rt t.r.tD' Th'

t.4.r.toro r.. lor.r.d io 28oc' lf!.r sin r"t of s"d

a.ri!n.tio! (Ft!. rA) t.l! €uttlD! r.t. Piovid'd dd 101 
'|.'

tlro r..drtn!! .fter llotth of I v..tt on cx t t. itvet rtth
h.lf ltrersrh (0.5 l/lt 2,4-It for . tutth.r 3 i..lt. Th.

2.a-D n. .sludeil tior th. cultut. |.dtut.ft.n|'d (Fi& 1!).

rh. .t of t..illinst .t th6 tlD oJ orcitton ot l.af a l
eot .rDlet. l. &!tlo!.d u!d.t rBP.cttv. .*.tlD!!..



A

B

F18. l. A6eptlcally lalsed s..dLrng of RaLdollaa oerpenti,^a,

8!ovin8 on Irrtlitet. Rool Cultule (Rc) Ediu Bupple-
Ented utth (A) 1.0 Dg/1 2,4-D (35 day6 o1d),

{B) t00 nl/1 cH. (140 days old:,



t.

TESULTS

c rurs rorx^tloN Arlt c !LU6 EROTTH

It i3 dlitot fro tn. tti.r.tu!. o! El.nt tl$uc
cultur. tt.t th. c.llu. tt33u.. .r. u.u.11v lntt14t.d !ro!
orru.{let. unLr'tb. bfluoc. ol v.tvi.l c@.rtt'ttot
o! clowth:e8ul!toa3 (frtoNs .ril Dsv.v' 1975). Th6!.fo!.'

th. ilv.ltis:tloD s!. .tut.d bv .tjdls th. eft.ct. o!

vlriou, !lan! Srdtn r.iu!.to!. on c.lrut fot-tto! .!a
c.l1u! ircrth, Prelldn..y ttdtl€s Y.r. G.!ri.d out !o fird
ine ortt-r codttiu. of c.Uu! fot-tiot tDchiting tb.

tyDe of r.g!t.tor3 and thei! .ff.ctlv. corc.ltrtlio!5.

aorr4tDi slorth r! Slrtors r.t. a.it!

r, l-i.lthyl.c.tlc.cid
Il. 2, a -DtchlonDh.noxt c.ttc

II. B.n2y1.!j,noPutln.

It t. Addh. a1ph.!.

(M)

(2,.-D)
(h)
(lAP)

(45)

The3. r.iulstor. .rot8 tith C ' YE rnd ctt *.r.
t.st.d .ilirrt 1..f, ttd 4nd toot .r?1ot! ot a. ..,P.nt7u.

The r.rult3 sra stou!.d ilto th. lolldtll thr..

c.uur by 1..1 erel.nt. .(t ti.
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, turther srorth.
(2) rornation of cal1us by 3t.n explants snd 1ts

further arorth.

(3) Fornation of callus by toot e)Alants abd its
lurthet Sroith.

1-r Fornslion of Carlus lanrs and 1ts Further

leaf explarts ot 3. o.te.ktiad {ere collect.d fron

.ctivcly field erofing !12nt3 in elttv stn!.r. Lelf €xplants

taLen fron s€edlings., asepttcaLly ralsod in the raboratory'

rere al3o cultured. As i5 gen.ially report€d that callus is

lnitiat€d o. lea{ expl.nts tovlrds cut surfac. of petiole;

by the rupturc of petiole and ts crllus svellirgs on rorer

nidrib po-tion, ther€lore, th. teaf €xplalts in tl|e pretcnt

srudics included these parts. Ms rediun tae used for leaf

64lant cultures unless otheltise nettioned. Cltl 'h.n used

vas !n tie concentration of 100 nr/1 of nedtun. cH f,her€

usea ,as 500 ng/l unress otn.nise rcrtioned. The ptl of

tbe rcdiun ras adjust.d to 5.3.

(11 Culru'e o€ Lear Exrlants froo Fi€1d c.own PIsnts

Effect of 2.4-D alone or ritn xn ir abs.4q9!!

Tie leaf explrnts rcre

0.5 4/1 2,4.0 vith o! {itboui
cultured on EdiDn MvtnS



Th€ ei!1ants cultuted vithout clt, initisted callls

crllus after 3 Y.eks. This callus ras cultlled ot fr€sh rediu!

conraining cB. Th€ auxln 2,4_D ves replac.d bv 1.0 i€l1

each of N   ard (n. Tic callus g.c{ for 4 reels, then turned

bro{n and coased gtorth.

The rerf.rprants colturea vith CItl in th. reiiiutr iti-
tist€d callus after 6 {.ets. The ca11us st.rted brounin! {ithin
on€ yeek of initiation. shen transf.fed to fresh Ediln
containing Cll an.l 2,4-iJ in combtnation tith 10 ng/1 (n or

Cfl f,ith LO ngll NAA, the callls falled to grou rithin 4 tee*s'

The leaf erpla.ts terc curtured in rediuD havint 1.0

n8/l 2,4-D 5nd tith or vithout either o, or 1000 ng/r cH

Th6 exllants culttred Yitno!! c or CH €rhibited s,e-

llings at the nidrib a.d on petlotai portlon after s {€€ks.

Th6 €a1lus *as observ€d on tn. tupturea svellings aft€r

I veels ritnout an/ further alpelent grosth.

The expl.nts cultured viti CM iritiated callus.rter
3 v.eks. The €allus started bromina ,ithin one *eek of

Thc callus *as, lecultured on fresh *diur cortaining

Ctl, Eithcr 2,4-D in conbination flith 1.0 n3/1 (n or onl/ 1.0

ng/l NAA ras aild€d to the rediun, These crrtures shofed no gro_



!4

th. .x!lut. cultur.il xllh 1oOO 4/1 cH Ero'I'rc'd

som c.11u5 .fi.r 12 xe.!o (Fi!. 2t)' i'Pl'Gtnt Cfi rlth

ctt itiil not i *toY. th. crUui alortt l! dotnei 
' 

re'tt'

b) Eff.at of lA rlold. at Yttlt lrlP ot'to u 'b!'tlc' 'r
pr.5.nc€ of Cl or CH.

TtE rlrt cx9t.ltt Fr. clltur'd or Ddtu| hvlnt

1.0 rslt ltM. tl. t diq $s tlth o! rilhotrt cx'

the .:plsrt. cuttured rtthout Ol, Droduc'il ao

.!pr.ct.br. Dodt ol c.uus tltllin 12 to l! s'b !"tod
(rtg. 2A). th. rlttt. c.Uue |h1cn fon'd &rlna tr!l'
p.rtoil turn..l brm .nd ttoF.d Stoatni'

The .4l.Dt. coltuleit dd Ct| ir tlc _ilt! ontt

.rhibi!.il so- st.Utlrt rithtn tlv. rc.tt' tht" '41utt
{.re cultlred on J!..h h.dlu! cott.tDlns ctl in tucc ot ol

.nd 0,5 oi l' O rs,/1 ID ttth.vdl.bt' l A' rb c'Uu3 fort'

.tlo! occulr.d upto ath {.et. Th6r. 1..1 .xplt!!3' ftte
r.cullur.it on frelh Eittn cott.inlDs cl rnil 0'5 'slt 

B r
{lth lvrlr.bt. x^^. As.ln' tlGte ,.. no crllu! torutlor

!.!l .)al.rts st. @ltsr.d or tL Gdh 't!h 1'0

4/1 l|rU anit 0.s !t/r B^P !.d rlth.ttn.r cr{ or CH ot aith

n.tth!! of !h.D.
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Dc

caltus fo@rion on l€af dplanr. raker f!@ fi€td
8r@tns plAlrs of sat"aLfta r.rye,rr,a, culEceo on

(!) 1.0 oa/l 2,4-D.nd LOOO iB/I cli
(c) 1.0 !e/I x.A, I0,O Es/], ra! dd tOO !1/1 a.r
(D) Ea?lantE takeh fr@ a6epttc s€edlrngsr cultuled

rtth abi1.? rle.toeft lnd fo! s.@ duratton
(4 {e.k6) a3 fo! (c).



In €4rants cultured {lthout CU ot Clt' no cauus

foinatio. occuircd upto 6 iecls. In an att"Pt to stiDlate

ca1lus fornstior, theso eplants ver€ then cultutca on Rc

redlun cortainins cfl the ft.liun contained eitner sirltt

concentration of re SDrators oi the concentidtion {43 rovered

to o.r !s/r for botl x]\^ and B,/\P. Tie rcitiun {ith tlese

supplerents fail€d to stimlate ca11u3 fornation upto 6 {€els

In er?1ants

formtion H.s scen

curtured rith either c oi cll no c.rrus

EIfect of trsnsler of I{AA and lAP leaf €xplants to 2

Tie leaf explants {ere cultured on rediun coltainirg

CM and 1,0 nS/I NAA.nd 0.5 i!/1 BAP for I v€eks The 
'rprants

warc, thcrcforc, t.ansfcrred to nediun containing cu and 0 1

ns/l 2,4-D. rr!€ caltus fornation occuired after ? veeis Tbe

catlus yls of gr€e! colour. t.ansf.tring the cal1us to 10 iE/l

2,4-D aid not inprove lhe callus grovth in anoth6r 6 {e'ks

L6.f explants *e.e ti.n cultured on nediut cont'inins

cM, 1 0 n8/1 NAA and 10.0 ng/l l(n. A slilht svelling {os

noticed by alter 4 te.ks. At this stase the light autoMtion

control ot incubatois broke dovn. Th€r€fore, these cultuies

rere subjected to 24 hours ridrt. The exlrants uniter contr

nlous light for 4 consecutive veeks initiated callus (Fis. zcl



d) Lrf!!! drone on rith BAP in absence or

The leaf erpllnts ver€ curtlred vith 0.s ngll NM

on RC nediun xhich did not contain, CM or CH. I slight
srcllins ol thc nldril, portlor,!s notic€d oftei 5 davs but

no ca1lus lornation colld be obsen.d upto 6 teers.

The .rplants vben cultured o. Rc !.diu containina

1,0 n!/1 N A and 0.s nE/! BAP .nd supprerented tith eith€r

cH or cM, did not forD c.lrus in 3 veeks. These cuLtur€s

rith cxl v.re lat.r tr.n3felloil to Ms nediui navtn, 0.1n9/1

2,1-D in place of NtA ald BAP. The chlnge of nediur ad
retulators also failed to eff€ct callus forFtio..

r2)@.

a. C!4i:-.Is:sS--!i3E :

a) Ellg!ljl--?r-!:Ijll!s eE!s!-9!-ql.

lxplants clltured on Edium contairing C! and 1.0 nc/1

2,4-D did not forn callus durirg the first 4 {ee}s. Ther

thc dcfcct ir incubator lidrt eyster forced to Sror thc

clltures in continuous lilit, The callls ras obscrved during

ncxt 25 days on tnese.rTlants nnder contlnDots lisht (Fis. 5a)

hl Effcct of NAA Nith xn or IaP in

DxDlants cultured o. reitium containins (1l and 1.0 tgll



B

leaf calluG grortna on
100 E1/1 cM ard (A) t.O

(B) 1.0

Iri fledlu suppleEnted strh

Eg/l liAA and 10.0 E9/1 (!.



ocE

i,eaf .a11$ glosth in 4 weekr on MS edlw supplenEnted
lrrth 100 dr/l CU d{t
(A) 1.5 B/r MA and 15 q/l Kn
(B) 1.0 [a/r NAA and 10 e/l BAP, End on Abou-],tandou! (A[)

@diuo EuppleeDted sith 1000 og/1 cH an.t
(c) 1ns/I &AA and 10 !E/1 (n and
(n) ecandald con.enrlatlon of AM re8urators.



NA-A ard 10.0 n!/1 xn 3 hoved prrallel beh.viour to those

rith 2,4-D {h.n ertosed to continnols litla aftet 4 v€€ts.

callus foio6d after 20 d.ys in continuors lidt (Fis. 2D ad
t.b1c-1), Tnis lcrl.clllus lrer under continuo!s li8ht fot
a furtler perloa of 10 v.ets (Fis. aB) ard itev.roped so&

lreea cololr. l{hen th€s€ cultures w.re transf.rred to
16 hours ri8ht re8ire, thc ca1lus, 5fte! tvo ve€ks, doveloPed

gteenisn-vhite colour and rppe.r€d friable. Iy the end of

16th vc.l ccasation of grovth occurr.d. llhen transf.tred !o

continuous rig[t the iesunption of Sroytb did not tat. ?race

but rath.r th6 deslccation €!s!ed alter tvo ,.eks.

Ir an €ffort to succe33fully culture th€ ca1lus, it6
pieces rcre lroun on n€dt[n containine 1.0 ry/l NAA 6d l0,o

ng/l BAp a3 {.11 .3 'ith 1.5 ig/I NM ald u.0 nell xn. After

ore y..l the callus appa!€at1y regalned risture lrd by rext
vo.* exhibit.d som govth on both variarlons of ietulatorr.
In another 4 reets, hor.ver, tlp callus 6rhibited no 5p!r.ci-
.bre grorth (Figs. 4A lnd tll).

I. Srandard Lighr condirions:

Effect of AL{ n€diun on cdllus erorth.

The leaf callus cultlres groving on MS nediun cont-

.inin8 1-0 h!/l NAI rd 10.0 rg/r Xn oi 3AP vere transfer!.d
to AM nediun. 0n€ barch of AM neiliun {.3 hoaifted by addtng

I ng/l N^^ and r0 msll xn in3read of sr..d!rd corccDtntion of
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!.gulator3. After on€ *eet th€ callu3 appat'ntly r€EaiDed

mistut. and by n€xt ,.el exhibited Sood sroYth on both th6

sr.ndafd .nd nodified ill m€dio Tto 3ro{th fas b€tt€t th'n

for tnc aa.e cslltrs on Ms nedluo (Ftgs 4A'48)' In lnoth'r

4 reeks, the c411us shor6d aplrecieb1. aeurt of 8lorth on

ontt the 3tanit.td A tr€diu.

Th. ct11u3 .xhibit.d activ€ Srovth Ioi n'rt

13 r6€k3 (T.b1.-2). Th. shtt. oI c.llG vat rtte tnv'rt'd

cups. ln 4noth.r 52 v..ts, th. 3ro,th gradutllv slov'it iton

to a rlntDtr and ultin.telv c.!s€d by 69th v6ek'

Stetr lxDlarts and its furtner

a!93:l.
'rv6nty fiv. to 30 e st.r Piec.3 of r, .t'pe^tt;a

tcken fron acttvelv grorinc pla^ts r€re cultureit ot xs r'itis'

CH ras used in the concentrotion of s00 ng/1 unless otnolvlse

Mtioned .nd Ot rh.t ailded vas alr'ys 1oo tr1/1 of the Ddiu'
lnc conc.htrnllon cif Yt is Sivcn in the retlo'tivc oxperln'nts

Biotin !.d sDDc *hen used m3 1o.o tr8l1 and 25o ra/l i€s!'cti-

v€1y. The ptj o! the mdia v63 giljustod to s 3'

Forution of callus b

a) Eff.ct of 2,4-D alone or rith x! in.bs.nce or

Th. sten .xplsnt6 ,ete cultured on edtun cont'i-

ng/l 2,4-D, Afte! 4 Y.6*r G!1r!5 ,as initlaieit

, vhtch €ontinued its glo,th till 13th f,e€t after

srortn stolp.d. tn.n sub'cultur€il o! 0's tig/1
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2,4-0, thc caltus gtcr turthc! lor a {ceks rnd tnon tho 8ro{t!

totally c€ased. sitril.r observations vele noted {ie! the

c.Llus was 3ub_culturea on auxin-less nedrun-

The 2,1-D c,rtus then sub_cultured titi cH and

either 1.0 ng/1 2,4-D.lon€ o! cotrbin'd with K!' it gl€w foi

4 {.eks a.d then th. lrouth 31o{ed dom

bl iff€ct of }IAA Hith Xn and YE

The ste! .xprants ser€ cultured on ne'llun cotrtainlns

0.5 ns/1 NAA, 0.2 ig/l tu and looo agll YE Tie explarts

sho,ed sono svelling vithout lnv aeflnite c'llus forMtion

in 4 reeks (Fie. 58). lhen th€se 'aDltnts 
r€te trllsferrea

ro A!.ediun there vas just a hint ol callus forrstron in

c) xffect oF NAA alon€ or vitn Kn or lAP in th' absence o!

Dresenc€ ot cH or cx.

Stcn etplonts .u1tur.d on trcdiun containing 1 0 nEll

N,^A initi.tcd callls .ttcr 6 *eeks {hich continued tts grovtn

fof .nothar 1l xc€ks. l{hen sub_cultured on n'diut coat'inilt

0.5 nglr N.{A in conbination vith eith€r 0.s ot 1 0 tr8/l {n'

th. carlls pieces gre! for 3 ve€ls. Additton of cM to the ft-

diun.rt€nd.d c.llus arovth for atrotbet 4 w'els'

The callus !!s rater su6-clltuied on tr€sh ncdiun



A

B

F18.5. Car1u5 lomtron h 2
R4@o1,fta aetP.^tn\a
(a) I.O og/1 r{Ar, 0.5
(3) 0.5 s/I NAA, 0.2

e.e&6 on steb .:914trt. of
c!1tred on Ms 6dr@ drh
!B/1 (n .nd 1000 us/! cfi
!s/1 I$ ad 1000 !s/1 YE.



B

nc

rlg. 6. Std caUut grdtna on l4S DedtuE supPleented
100 o1/1 Cll ard :

(A) 1,0 4/1 2,4-D
(B) 1.0 os/l liAA and 0.5 ns/1 (n a.d I

(c) Ob Alou-l4andou! E€d!@ 6uP!1e@nted sith 1000

and 3t.n<ia!d reSulators
(D) teatmnt as tn (c) e*c€Pt th.t 2 4/1 |LqA
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vithout cll but xith 0.1, 0 5

concentlations ol BAP. Tho

0,s nsll NM {ith eith€r of

rt5

.rd 1.0 ng/l NAA and sinilar

ca1lu3 gtovth ras !etter vith

these BAP concentrations ti11

rn order to sustsin tb€ continuous gio{th of the

callus fuither slb-cultulas x'r€ n'd' 'ith
tiations of NAA and BAP rnd ti'ir coibinations s€re atter@t€d:

i) Wnen sub-cultur'd to

ng/1 NAA anil eitner 0 1, 0 5,

calhs sno{eil soherhai better

o.s sg/l NAA and 1.0 ng/1 lat

the. 3 teeks and then slo'ed

ii) These ctilut culttres thon sub-cultured o' Rc

ncdiun contninin! 0 1hg/l NM ond 8Ap each' the callus sre{

for anothet 12 v€e*s (Fig 0A) Thc cE1lus Nas conpact and

nilky-{h!te in app€sranc''

iii) The callus {as flrth'r sub-cultured on nediln

containins 0.1 ns/1 NM and BIP 'nd 
€ither with or without cv'

cllrus cortinucd its growth tnd' tftcf I te'ks' shoYed latches

of green Pigtcntation 'na 
becane nore fiiaale and noilular'

The callus grorth s's siiilat ln cultures vitn or lithoDt CU

but after 6 xeet. c.llus rith Cltl Y's chtngins froi nodurar to

loos€ sponav nasr. aftet lo reets' the gioxtt further in?roveil

fr6sh tediun €ortaining 0 s

1.0' 1.5, 2-O nS/l BAP' the

grortn .tter 2 {eeks 'itn
. Th. arottn vas active fat 'no-



in cultur.s arositra {iih CM (FIg3. 88 'nd 
3c)' The3' clrtures

contilu.d to fotn sponlv callu. in contrltt to tor' 
'oiplct

in cultur.s groein! ritnout Cli. T[c cultures vilbout cu

l.ter oD d6v6lop.d pin& .ntl hv.ltne tr"r rhil' thos' {ith

CM h.ctr. offxhtte ir colo!! rhicn persiste<l for tnother

12 ee.ks.

Pi.c.s fron pink, gieetr, hvalin' and vhit' sr"s

ol ca1lus it cultules groring rithout o.l ter€ i3ol!t'd ttrd !ub-

cultured ot rcdia *ith thc a&. concentrltion3 of NAA dd

BAp {ith or vithout cll. All th€ colours h'd th' t'nd"ct of

rilin8 and rctltpc.iing. Pint colour v!3 noted 3s chtnsin!

to pinti3h sr..n, sre.n to Sr.enish hvalin' and vic' vetsa tnd

hy.line drc.s dDpcared ir rhit. colourcd callu!

The nilhv'rhitc colouted 'allus folnd in the clltut's

rtthout $l (Fi8. 38) Its isotdtcd nnd culturcd on s ncdlu

.nd cont.ininS €itl€! 0.1 ng/r NM.nd BAP 
'ach 

or 0 5 ng/r

NAA and 1.0 ngll BAP. In throe veets conptct callus chtng€d

to spongc lite aa.s. The ca11u5 snoted soneahat b€tter stovth

and 3otre sreeD 3r.a3 .Pp..red ir cultures 6n nediun vith

o.s n!/r NM.nd 1.0 nill BAP. after s rc'l' th' ca1lur

grovth sls not.d to b€ l.ss in .lther trc'tient a3 coDpar'd

rtth tlt. stlilat cultur.3 Srortn! on nc n.dtun (Ft8s' 7B'7D)'

llosever the c.1lus conti.ued th. grofth for 
'nother 

1l v6'xs'



,t) Ef fe.Lrl a*j!:!!-Lq!! jMlll-
presence of either oJ, cM or IE.

'fhe st.n explalts rere cDltured on nediun containing

1000 ns/1 cB anil 1.0 nsll NM xlth 0.5 n8l1 (n Sone callus

ras produced aftei 13 days (Fig. sA). This callls lhich

cortinued slov grorth for S N€.tt kas thet sub-ctltured on

st.niard AM ncdiun.s vcll ns on 
^]4 

nedinn {ith 2 0 tgll NAA'

soth nedia sustaircd bettc! callus lrovti thich ap?alently Yrs

lcss ritb incleased NM con.cntrntion (Iiss 6c anit 6D) '

The carrus piec.s v.r. later sul' cultded or lls

nediur contaiDirg ctl 'nd .Ith.r I O ns/r 2,a_D oi 1 0 ns/r NM

and 0.5 ns/l Kn. The c611us on nediln wlth 2'4 n 8re{ for

l9 Heers. Tl-c Bro,th rate xas comparatrv'lv slover lhan l;r

sane cal1i cultured fitn NAA and Ka (Figs 6A ana 68) Tho

csllu! fion !!1tor€sjt.64teil witl!-?t4_D vas su6_curtured

!n MS nediun {ith O.S n!/l (n snd 2000 nglr YE This tleatnent

di.d rot inplove the csllus grovth (Fi3. 7A).

carlus sub-cultur.d {ith NAt and (n erldbited

fo. 3 weels .nd then the Srorth rate slo*ed doh-

The NAA .nd (! c.ltus *as tub cDltured on n€diun

containing either 0.5 n3/l NA.A and 1.0 nell IAP ot 0 1ng/l

NAA and BAP each cli sas .lso .dded to the nediln on nedlun

{ith 0.5 ns/l of 
'{AA 

and 1 O ns/1 of BAp' the callus sre{

tor 10 v€eks .nd then sttrtcd brohing. The callus tas



B
Std ca11us sovtna
(A) 1.0 ng/1 2,4-D,
(B) 0.s rE/1 iLAA and
(c) 0.1na/l each of
(D) on l,rhlte'. Root

on lis tredlE supple@nted rich :

0,5 !g/1 I<n and 2000 ry/1 YE

Culture edtm dth sam regula-

c D



FiB. a,
B c

8!ffiitrg on trtite'8 Root Cultu!€
.1ng/l ilAA add BAP and:



on nediun cont4inirS sllDc. The callus restalted

contirued for 56,eeks (Tsb1e-4). rhis 'allus
laP tr6.ted flast3 ias th.n curtu!.d on 4ll t'diur'

started 8losing but the Srovth vas qlite Ecttve

follo{.d by a slor srowth Deliod {ith ultin't€
groFti aft€r 32 v.eks.

tn ca11us ctrrtrr€d vit6 0-1 ng/l €acl of ]lAA 
'nd

BAP no grorth could b€ observ..l .!d cerlus ultinltelv

li.dium on sten ExPlant!

.) igsponse to NM alonE ot in c.nbinttion vitn BA?

bresence of Cri anJ biotin.

'Iho slou 8ro{inB rrld lrrovni,rg stcm Di'ccs t!t'n fron

culttrr.s ryovine on us n€diut.oDtaining cH, 1.0 ngll N^A and

0.5 ns/r h vera subcuttured on Rc ncdtun contatnllg sDDc

.nd 0.3 ns/r NM, rhc flrthe! brootng ot c.11u5 stoptcd

after 10 drys (Ftgs gA and 9E). Thc cal1us conneDced eroYth

(Ftg. 9C), vhich v6s quit. actlve for 13 'eels rnd th€n slo{ed

doh, Tne callus ,4. sti11 shovirs sone grorth aftei 6l te6*s

The callls pieces taten fron cultur's groving or

IS mediu! cortaitira 0.1 ng/l X^A ard BAP wer€ subcurtur'd

on Rc mediun containlng eithet siniltr corcentration oI regul-

ators or vith o.s nrl1 of NM onlv. The RC n.dim 'ontained
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c
Std callus sh.ehg levtval 6f glorth rtthitr 10 dayE on
uiite's Root culture oedlu suppl@ented slth 0.4 o8/1
NAA, 10 mg/1 btori!, 100 d1/1 m1 andl
(a) 250 os/1 Sod. drethyrdfthtocarbeie (sDDc)

(c) tle Eroe.th stth sDDc tn 3 we€ks. Ner callus
aforth t3 6.e! as rhtie aleas.



biolin and cM, In callus cultuled fllth loth NAA snd 3AP,

r.r rnit. clltur r.s foneit .{te! 5 v.eks. c.11u3 tnen d'v-

eloteil g!ce. piSneatation aad continued its gro{th for anot!€r

h crllus subcultured riti NAA only,

t.a gro,th after s vc.ls. Th. gto{tb rt.

further sroxth.

Tie roo. exPl!.ts osed in th. ltesent strdi€s tele

t4!cn fron acttvoly field gtortnl plants in sumn€r. Roots

excised rrotr rscpt 'cally .tis.d se€dlinss in thc laboratori

Nerc also culturcd. The Rc, AM or MS nedi6 {ei€ used {or

thc curtur€, Conccntiation. oI thc additiver uscd sercl

CM r00 n1/1, CH 1000 ng/ri YI: 2000 ng/1, SDDC 250 mg/l unless

ollrer{ise n€ntioneit. The pH of nedta ,43 ldjust€d to 5.3.

(r) culture of Root Etplarts aro! !i€1d Plsnts:

Root explantr ver€ cultfed on ils r€itiu! co.railing

1.0 ngll of eithe! 2,1-D or NM. The cultuies r.rc obrerveii

lpto 13 {ee}s, Relultr subculttrrin! on fresn n.dtu r.3

doa€ aft€r every 4 {6oks. No callls was forned on th€se

c!ltures d$irg tia observation pc!tod.

Fomation of c!Ilus

.l Effect of auxins in the pres€nce of cM in

D - \6S3\



bl Elfect of aurns in ihe

Th€ root e;plants wsr. cultuled on RC nedlun containlng

0.01, 0.05, 0.1, o-5 or 1.0 !g/1 of either 214-D or NAA'

Aftet culturin!, thes. tubes {ere }ePt in th€ dart for 10 itayr '

Since no callusitg ot sve11in3 of exPlants occulred during

this p€riod' these cultuies tere llac'a in 16 ltouis lisht'

Under light the cultures tith 1 0 nAll 2,4-D' foh'd

son. c.Ilus vithin one {€ek. As this carlus shof,ed little

lro{tll jn ncrt 3 rccks, it vos ticn curtlrod vith 500 na/l

cu on Ms Dcdiun €ontaiting 1 o ngl1 2,4_D Although no

auithci srovth of alreadv loined 'al1us 
occu!!e'1 vithin

next IO recks but n€r n.s. of ca11u3 ras obs'tveit otr this

nediun aftet 3 weeks (Fis loAl. Tho exprarts relr'sonted

Cfi nnd 1.0 m3/1 of 2,tl-D. During 8 veeks obseivation no

callus grorth or f!.5h c.11!s fonation tE3 observed on tn"e

cxnlunts. Thcy {erc, thcrc{otc, trdnsferrcd to AIi n€di@'

Still ca1lus giottn ras not Gfiected'

In root €xplants cultnred vith NAA' ca11u5 {as obs'r-

ved iD 1.0 !s/1 concentratiot rithln 2 {e6lt aftet ttansfer

cl lffect qL A^ in combinatio! titn (n in the tbsence

or Dresence of cH

Root e4rants vere culttrcd rith 0 01, 0 0S' 0 1'

O.S or 1.0 na/1 NAA €ach codin€d rith the idertical conccn'



B

a
rig. 10. Callus forutim tn 3 seek6 on ?oot erplanrs taken floD

fleld sloFin8 p1ant6 af Ratubryna oerp.ttana .!\tsed
on t{S oediu contatnlnS 500 Ea/I c1r an.t:
(A) 1.0 oc/l 2,4-D
(B) 1,0 nsll ILAA an.t 0.05 r{g/1 Kn;
(c) txplants.f!d a6eprtc 6eed1tng6 cultuled on !h1te'6

Root cultule nedi@ coEt.lning 100 al/l cH and
L.o nzl \ 2,4-D.



t-- 
I c

2000 nsll YE, 1.0 ng/l

standatd tegulators ard(B)

celtus showlng glowlh or:
l.ls nediun supllemnred wtth
2,4-D and 0.5 da/Rn andj

0n Abou-Mando!! cdt6 wlth
supplenented stth 1000 Dg/1

Callus Alom ln dark Ir hyaline (B) and roor ca1lu. grom
{n standard l1ght condltion ls yelLorish-whrt€ (c),



tiation of rn. Th. cu1!u!.s, vhen lcpt tn d!!l fo! lO davr,

did lot {of, callus. Th6I w6!e tl€! tran3fert.d to 16 hours

llght. Afte! groring for a6out a r.et under 1tAht, erplantr

initiat6d cdllus tn cultures cont.ining 0.1, 1,0 n3/1 NAA

rith o.o1 trsll rn .nd 1.0 !g/1 rr tit! 0.03 !r/1 (n.

Durlng tte thirit rect, culture3 tre.t.a xith fie
follo{ln! concentrations irittate.l cr11u3 forn.tion: 0.0s,

0.1 og/1 
^A 

rait O.os.e/1 xn; 0.1, 1.0 n8l1 NAA and 0.1 !!/1
(r; ard 0.5 og/1 l-t and rn.

Itr tle folloring 3 veeks, the ca11u5 glew b€tt€! vith
thes. three trertn€rts; 1.0 trgl1 NAA and 0.0r nell xl; 0.5

mit 1.0 4/1 lil,{-{..ch rith 0.05 ngll rn. callus pi€ces trten
fron thes. rteatnent s6!e cultureil on MS nediul co.t.inint
S00 nell cfi, Th€ r.gllators .dded xele .ithet 1.0 ntll NAA

and 0.OI n!/t xn or 0.S, 1.0 ngl1 N^A and 0.05 i€/l X!,

xirhtn r0 ree*3 callu, grovth v!! lot obs.rved it
these transfers (Fis. rlB) arir th€ c.llus then ras rectltqr€d
on RC n€itiun contdining cH, but vlthout .ny success. Lil.-
rise ,ie! traDsf.fed to Alt.eiliu. no c6ll!5 Sroxth occutreil.

d) Etfect of NM in combin.tion rilh BAP a.4 cM.

Erplant. cultured on !6dt.
and BAP xith CM did not produc€ ant

observatiotr period.

cotrtrini4 0.1 !t/1 NM

callu3 vithtn 13 reek3



(21

a) Effect of auiins and

Aitditior of either L.O t9lr 2,1'D or 0.s ard 1.0 nsll
N,A-A {ith O.0S ngll Xn to tne nodiun did rot cause sub3t.rtiar

carlus fomation ln e4lants teken fron 140 davs old seealings.

culture oc Root Erplants fron aseptlc S.cdlinq3

b) rrfect o! q!!14! 4441!r !!I3 :L CHotC.

Root ex!lants

cultured 6n nedim

were taken fron 210 days o1d seedlin8s

containinc eitne! 1.0 Ds/l 2,4-D or

The expldnts cultutod viti 2r1-D did lot sho,.nv

srovth during the 4 {eeks vhile those culturea rith NAA and

xn. shorcd sligit callus fof,.tion vithtn 9 veels Tne iepla-

cenenl of cH vith cM had no cl{.ct oD tutlhor arcvth or thi3

c) Effect of 2.1-D in th! pleserce of cM.

Th€ root explants taken flon 275 davs otd seedlitrg

ycrc cultuied on mdju! contilning 1.0 mg/! 2,4-D. These

expl.nts iritilt.d calrus aft€r 2 reets (T.ble-sl. Tn.

callls continued its gro{th (Fi8. 10c) for 14 neet. and

appe.r.d as rhit. conpact nass.
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d) csllus inltiation in.xpl.nts on Ax neiliutr

and lisht,

culturea on lni rediun sho{.d

A b.tch of root c.11u3

k€pt in dart. callus initiat.d
subculturin!. In the follovlng

a hyaline nass (Fis, 11B), Tho

slorl]| t r sotn rook (Fig. 1z)

f lon 2so-dsy-o1a seeillings .nd

no callts fo$atiot ulto 3 {eeb.

{h€n ttt. explant!, t.kc! fron 275 days old se€itllngs:

in rhich the catlus {as ah€adv induced b/ tne addition oJ

1.0 ngll 2r4_D or Rc n itluD cont.iAinr CM, Yele transferreit to

Ax nediln, shot€il activg c!11u3 gtorth upto {o 
'eeks 

(Tabl'-6)'

ttoxever, tlp srorth tne!..ft.r slorcd dom' In th€ b'gining'

th6 ca11us r!3 fri.61c .nit gt.lulsr .nd of ! Teltorisi-dhit'
colour (Fis. lrc).

qultured on ,.M neiliun tas.

growth on 3td iley afte!

2 v€eks' calrrs apPeer€d as

collus l6!t growi4& althouSb

c) !li!!s 9ll o! xn rlth tddltion ol YE and

The all catlus cultur.s gro*lng under light condition3

rere trarsf.!rcd to us @iliu.. ti. redim containeit YE a t

1.0 ng/r 2,4_D !.it 0.5.r/r ln. Aft.! one reek of transf"

stot grorth in callu! va! ob3.rv.d siti tlight bronitg' ln

th. 3rd {eek bronins dis.!p.ar.d (Fig. 11A) a ca11u5 glottn
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7th ve.l. Addltton of

not i{provo th€ c.11u3

SDDC ln the followitrs

arofth, vhich conti-
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II. ROOT DIFFERCNTIA'IOII II{ CALI.US CULTUNES

Dtff.rcntiation of roots s.! olrotved in tl|'

c6ltt folned by explatrts of tt.n, l€af dnd r6't of

R, ..rp.tta^a. Th. sier ca11u5 xas foud to b' nore

conduciv€ to !oo! iliffer.ntialton; root callus onlt spora_

ilically.xhi6ite<l root itiff.r.ntiation dd r'if carlus shoved

tro foot diffei.ntiatto!.

fi. n.iliut €nlloy.d fo!

{!s xS unle.s othewise reniion'd'

of ncdiun. Btotin wls usod 63 10 0

adjusted to 5.8.

rhe dilt.rentiation ltuill€s

c , rh6n lsed xas 100 il/l
ns/1, pH of tbe n.di. s.s

II-T Roor nifaorent-i.tion in st€t callus CuItut's

a) Effect ot 2,4-D and  M nediun

Root differentt'tton tts not trottc€d in a 3t'n

calli curtur.d on tls.ediu cont'ining o{ 
'nd 

1 0 'gl1
?,4-D (Fis. 15D) ot o! Al, 6dl!n dllina oltotv'tion p'riod

of z, ^nd 
az {eels tespectivelv'

!) Effeat of NAA xitli (r ot lag in t1i' ab3"ce or

pre3en € of cl{.

The et.n

1.0 ng/l NAA and 0.5

cal1us cultlred on n.dtun contqitrtng CM'

ns/1 ro' diffetentiat'd roots aftet



F!g- 13. Rooc dlffefentlsclon tn std c,llut cultured
Eedl@ $plt@ented vlth !00 El/l 4t and:

(A) 1.0 D8/r NAA and 0-5 nA/! rs
(B) 0.5 6g/1 itaa and 1.0 og/t SAP

(c) 0.1dg/l of NAA and BAP

(D) 1.0 Dg/I 2,4-D; Note the .!.ence ol loot
1n (D).



.boqt I r..*! (Ftr. 134). T!'
furtn.r 2? i..*! dlrtn8 c!r1u3

Itr thc 1.3t a re.t!.

6a

iltff.r.trtt.tion .ontinu.d for

irorthr but onlv 3tor.iltclrrv

Th. .t€! callu3 cultrr€il o! ! D'dtw cortsininl

Ct, 0.5 !g/1 NA^.nd 1.0 !!/I BAP 
'fioY'd 

diff'r'rtittion of

root. .ft.t 7 t€ot. of G.Uu. cultui' (Fts t!B)' t'lt' dlrr'

.r.rtt.tion conttnu..t lrosr.!.lvtlv lor tn' n'rt 016 r"r

dil 1.t.! i^t.rtitt.nttv fot tbolt 28 t"r!

1hc st.n cllrut cultur'd on rcdlur cortltnlna cM

.nd 0.1 .t/1 N^A .trd lAP 'Lo 'hot'd 
dtft"'ntirilon of roots

b€tirnins .ft.r 12 d.v3 u!tt! 6 *"!! (ri8 r3c) c3uu! cur'

tur.d or lcdtui cont.lring o 1 nB/r Nr 
'sd 

E P' fithout

cx, did not .rhi6t! root 'liff6r€ntt'tton 
fot 35 {"t3'

.) Eaf.ct ot NM rilh BAP in thc tbtcnc€ or

bf cx rn th€ !e !!!q!!!
th. 3t4 c.uu! vh.D cutt!!.d or '6diu cort'itrin8

o.r [r/1 ltAA .nil lAP 3t.!t'<l rooi diff'r'ntt'tion 'f!€t
4 r€ek. rhich contlNcd ror 'notncr 

4 rocte (F1'' r'A) ihirc

.lifrcrcnlj.tln! root!' tne clllut itlelt continu'd lroIth

.nd in a ior. v€€1., loott 3t.!t'il dlfl'rtnt!'tinr rlthh tn'

n.rry forGit rll*v-vhtt. c'llus (Ft3 1rB)'

Th. .!.! cs1lut grortnt rith O'1 iilr N^A 
'nd 

lAP'

rt!.! 3ubcurlur.tt .ith.t ritn ot 'lthout 
C ' shot'd root



Ftg. 14. Root dl!!€rentiation !n .ta ca11ur .ultuled m Vlhit. r
Root culture Gdt@ cortalntne 0.1d8/1 lil^.nd BAP:
(A) Un.l@6red
(B) llilkr-white
(C) Claen .a11u.
(D) c!.€n c,llus tn culrura6 contatnln. I00 o1/1 o{.



diff.rcnti.tion !ft.r 2 ,..ts ln b6!h tne tY€atnents' rhe

c!1tules {e!e continuouslv difl.!'nti'ting Y'ots in tle

follo,ins veek. Tle!€rft.r, loot diff€r'ntiatitc

calacity tas found dtninlsltng gi6dua1lv {ith the cnango in

the appelrance of callus fron conp4ct to loose nass ln

CM cultlres and {ith tlev.loPh.nt of pig@rts in flasks 'lth-

Root iliffer.ntittion r'sttrted l'ter in cu

cultures and continued for .pp.ottnatcly 10 reeks_ Th' c!l1l

riti diff€rert lignerts f.r. r.p!!.tcit lnil €rch ras cultureit

sepalltery vith or *ithout cll. Root diffei€ntiation in lre'n

c.llus vas observea aft€t tto r.ets in Pt'sence as {e11 45.

abscnc. of cll .nd ir linti3["grcan and hvaline carlus rith

gleerish titrge only on th€ n.dlun vithout cM (Fis 14c and

14D). Root diffetentiation conltnuod fo! 3 nore veets r

gr€en ca11us hoth *iih ard {itholt CM tn'l in piDLish-gte€n

and hyalire rith grecnisi tint.' trotlng on a reainn uithout

cM. rn ,nite c.11u3 tt€ root difterertiati.D ras obsetv.d

aft.r S teets of cultur. on th. reitilt contairing tro Cl'{

! l afterurds, tie root diffcr.ltialtor c6ntinu€d in thi!

clllus for s rore re.k.

d) t{fect o€ addin! NM.lone or rith BA?

The sten ca11u3 vh.n cultuled on a neililn containlng



0.3 ng/l NAA sho,ed root

1sC) which continu.d

dif!.r.nti.tion aftei 1 we.l (Fi8 1sA

for .bout 34 v€ets (Fig 16).

Th. tooting cap6citv of st€!-c41lls apparentlv

in.re..ad {iih addition o{ biotin 6td O B ng/l M to nc

nediun in contr.st.to thc st€! c'llus cultur'il on lis nediun

containina I o n8/r AA tnd O.s tgll l(n Bectuse the latte!

callus differ€ntiatcd ioots for a les36r p'riod (Tlbre_7)'

Ithen clltlred rithout biotit oa Rc meiliu containing

0.1 nA/r |{AA dnd 0.1 na/l nAPr tic stcn clllus forncd roots

after 1 v€ek (Fig. 158) The 'tiffelcntiation 
continueit ror

so iiore {eels. Th€ rootin! capacit, of sttn ctllns {itn

0.1 ne/r AA and BAP vas llso lcs! than {ith 0 e !r/r NAA

(Fiss. 1sA lnd 1sB)

Root Differenil.t!on in Root Ca1Iu3 CulturesII.2.

rcaence of cI j!,-8!-Is-4.!11I

The root ca1lus t4s

one batch of cultlre5 xas l(€Pr

{as not noticcd in cith.! light

Eflect o{ Al'l rediun

cultur€d on nediun contaorns

dilfer€ntiation in 11 veeks The

contlnu.d loi 10 role v€eks'

then cultured on All nediu'

in daik, noot differentiation

or durk culturcs upto 52 {eck'



\-.-- B

c

aiE. 15. std .allus slDstnr loot diffe!.nttatlon !n on€ teek
on rl!dt.'s Root cult8e ded!8. .ulDlaented stth 100 D!/1
ctr. m.0 or/1 biotln 6rdl
(A) 0.8 @/1 NAA
(!) 0.I Dr/I NAA 3nd BAP

(c) culture. n{th tleatE€nt.6 ln (.t afte! 3 week6.



std callus 3sbcultuled for 49 t€.13 on vlhlte
culture tr.dtuo .uerlaented slth 100 El/l c ,

btotiD and 0.8 !r/M^A. Nd toots tela 3!111

rhen th& rtctura rar taken.
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III

The eaptants t.len fton tn

roote in tne sten callus culturos of t'

on RC D.diM. In sone tub€s CM 100 il

u€re add€d, The pH o{ the nediun vss 4

,trro differenti.ted
6e?P.rii,a veie stud!.d

and hioti. as 10 ngll

,9,

of xAn and/or 8aP It th. absence or

These root explantr r€re

containirg 0.1 ng/l NA^ and BAP The

in 4 {eets (Fis. 17A).

cultured in liquid lediu!

root initiated latcrals

vhen toots Ncro cultured on nediun containtng 0'1

0,5 or 0 S nS/r NAA alonc or in conbination vith either 0 01

o.OS or 0.1 ne/r BAP, th€ apical Stovth in roots

after 6 days in lreatnents h.vlne 0 1 or o 5 ngl1 NAAi 0 s

ng/r NAA.nd 0.01 rig/l BlPi o 8 ng/r NM and 0 05 nql1 saP

drd by 2 {ceks in cultlrcs 8ro,!n! on 0 1 ng/r NAA and BAP'

Root laterals {€re noticed .ft.r lbout 6 davs itr curtures

havins O.s ng/1 NAA lnd 0.1 ngll BAP and bv ?'d we€l in

trcatnerts naving 0.1 or 0.5 ng/1 NAA; 0 01 ngl1 BAP and 0 l

o! O.S ngll NAA and 0.1 nS/1 NAA and BAP e"h-

fornatiob vas better aii @tinrc61y



R.ot sments in cultur€. Droductu laterals
Root cultue !6dh .uDDl@erted rtth:
(A) 0.1o€/1 liAA.nd 0.1 nc/l 3AP

(C) 0.e sr/] tutA and l0,O dE/l liotln,



increae.il upto 9 w..15 in cultur€s gio{ins {ith 0.S ng/l

x^A (Fi8. 1781,

b) Root Erpltnte rith !ttach.d st.n c.llus

Erprsnt. cultuted ot !edi! containing aft.r cl'l

aron€ or in conbtn.tion {ith 0.1 rg/1 irA^.nd BAP, €.cn

shovod apical groulh as ve1l 13 {olnation of llteral3
{ithtn 5 veeLs. |luber of laterals incr..3cd durlnl the

follorins *c€ks .nd tiis av.r!!e incr..3c rlr about 110.36t

(Tabl.-O). Exclusion o! cM {!on tno nodiun gave onlY

15,331 later.1s.

ii) raitn !i.ar callus

lle root explants Proaucod 1.t.!a1s or lhe nediun

cont.inirs c nnd o.r ns./l iAA anit BAP in 2 rac*s. Tie

tru6.r inc"e.sed in the fotldins tvo r.cks bv !r r!.nge of

4?.65t, Ercluston of C.l{ d.1ay6d tie 1.t.!.1 forn.tlon rhich

a?p6.!.il slter 8 {.eks.

B) Eff.cr oJ NAA in the ab3.nc. or t€3erce of tiotit .nd O!.

a) 9!-q!:!:-1-t99.!-L9-4!!!:.
rh. apical root 3.gtetts .ultureit on th. .ediur

@t ln|jB o.r, 0.5 6 0.3 ns/l NrA, sho,ed Bpical srorth 1n the
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srd $.t dtn 0.3 od t! 7rh n.t rltb 0.5 rsll ! 4.

l,rtei61r fotration occun.il !tr 6 itlyt rltl 0.8.til ln 7 v..tt
rttn 0.5 rdl rua. 1lo kt r.l rcotr Er. lo-.il fr'th 0.1

ti/l Ir . btcr.lr ao!4tto cotinu.d uDto 15th E.l rlttr
o.s anil zlrd,6.k rlin 0.3 ngl1 NAA (rt!. t0). Tb. 1.t6r.l!
foneit t! O.a 4/t 

^^ 
cultrr.t, edtttt.d 41c!1 Storth ud

t! tum DroilE.a t.codl.ly l.t.rl rootr.

6) sut-rDlcal Fot r'eri|aiit..

Root aatDnts rnd cqrtur.d o! . Dditd cdt.lEbl
0.5 o! €.8 i8/1 liAA E oduc.d lit.lslt tn ore,!61 wnlch

continEd for dothpr 5 s.tr. looct' rh.r cultur.il otr

ih. -dt[ co.!.t!tni Cr, btottn ud 0.8 ,i/r, xll 9iod*.d
lster.1r ln 5 u.clt. ,hich corttnu.d !o! the follortts
a &ct!. sulpclrto Ddt6.contlirtng blotir lnd 0.8 rgl1
ll A, tlduc.a 1rt.rrl lo[.ttad.It t .Dou! s t.tt tn ru6'

rPtcal root !€sn.!t. Gir. l7c).



INITIATION OF lst. RO0T -
CONTINUATION OF ROOT FORMATION

APIC AL ROOT SEGMENTS
SUBAPICAL ROOT SEGM E NTS o
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root .ornation tn ,,itro differenti.ted
stcn cal1us of RauoaLfta setpontlna an

Roor c!1iure nediun supplen€nted vith
coconut iirl ard 10 Dgll biotir.

0.8



rv. cAf,LUs FoRr,rArroN oN rx vrglq !ME8!IIII4M-398E

The .oot 6tP1.rts for th. present studi€s r€re ta*€n

frar in titto dif{€tcntiat.il toots in slefr callus. RC nediuh

xith or vithout clt ioo nr/l and cH looo Dsl1 vs! us€d. The

!Hp!l ot thc nodia {.s ailjustcd at s 6. The root explsnts {ere

cultured on. reitiu! containing either O.l ng/l NM 4nd BAP

cr.h, or 1.0 n3/1 2,,1.D aronc.

Iv.l. flM and BA? Induced Root ca11u3.

llre ioot explants ilurina the Pr.<.nt tteatnent

wero cultur€d tn a liquid nediun. This nediln did not cortat!€d

Ct . The callur inittation vls obsctved after about 1 voeks.

sintl.rly rhen tne root explants re!. cultured or d soltdified

uedtur, with or without cu again th. callus ras ptoduc€d ir
! se€*s (Tabre-s). Hovever the callus gro{th ,as fast in
cuttules havins cM (Ftg. 198 dnd Gable6).

The callus growina 'itbolt cl'l ras alpar6ntrv co.pact

and de$elopod pinl sr€en, bright-rhite and hyatin€ areas in
,t ue.ks of culture. the clllus gro{ing uith C}! d€veloped

thcse colour3 on€ ko* later dnd it.ppcareit 6s a loote

Sroring @53. The groen pianentation vas the doninlnt

character of cultures AroriDg rithout CM *hil6 the hy!li!.



B

c 0

FlE. 19, CalLus folEalion on tr rttra
in 6 seek6 cultuled on llhlte'

(a) 0.1 Er/1 NAA and 0.1 EA/r
(B) Tlea6nelt a3 (A) an.l 100
(c) and (D) I e/\ 2,4-D and

(D) ADtcal loot 6.@entE.
100 El/l C!l, (c) sul'-atrc.1



cal1us foJ othels. Ttte fast gtoting Crl callus vh.n sub-

cultured .xhilited a steaual ilisap?ear6nc. of tn. pitk and

areea colours. tlorcover it 1.tcr d.veloped dff-riite colou!

and ar.r for anoth;! 53 re.ks, rith onlv occ.ssiotrl a9pear.nc.

Pink, !r.€n and brt8ht-vhit. cll11 ,.te isolat.d

and subcultuled .t Dure cullutes oD a n.diur vith or xithout

CM. I! €r?lants, cultureil tithout clr, lrorth occolted in the

second vcek, {hilc ln {hite and colour€d calli in tlLe thlrd
reer- Tno xnit. c.lhs dev€roped green tiage 3rd tne pitk lpp-

e.rea tn *hite <.11i. sinila! ?inl arets .lso d.v.loped ih

cultlres vithout CM. After 9 leets, the activ€lv glo{ins

yhitc c.lrns in tnbcs yilh CM.nd slovly srotin! Sree! and Pin*

ca1li r€r. subcultur.d for trotier 6 r..t5 on a n.ili!! tithout
cM. the t!ansf6! etfect€d green pigEntatior in liite callus

subculllrcs. Pin* culture! becue hyaltne and Sree! dev.roped

iyaline and ihit€ .!eas.

c) q3!!.c--s3!.!c.

The loot exllants vete cultureil oD . nediun contai-

ni.c 0.Ol ng/1 each of NAA dd B,{P dnd 0.1 n8ll of GA3. Aft.r
rbout a veets, . crllus got lntri.t€it {htch v.. hv.linc h
aP?e6ranc6 ald !t.r fo! 6 w..ks.



i) Etf.ct of BAp anit NAA

piec.s t.kcn frot the above d.sctibed baltne
callus v€!. snbcultured on nedia {ith ol vlthout CM. It

started grorti uithin 2 veets in both the treauents The

hyaline crllus var .pparertly granulai in terture ad becane

wiite in clltuie3 ,ith Ctt, rhile those sithout Cll appe.ted

sooerhat ),ighter ritn sreenish colour. Aftei shout 5 veels'

the pignentstio! disalpea.ed 5nd th. c.llus becahe all
corpletety hyaline, ir tubes vith cM vhile thos€ vithout

cM splrsely developed a g!e.n tirge.

rr) Ef{ccr of 2.4-0 and Adenlne sulphate

rtynline callus e.s subcultur€d or either RC or 15 .

nodlun containins 1.0 n8/l 2,4-D and 9.0 nglr As. cood grovth

y's noticcd lftcr 3 wcets. rhourh tnc cnllus renained hvaline

Nith a characteilstic g!anu16r alpealalce, its gro{th ,as

srorer o! ltls 'cdiur in th6 folloring Ye.k3 (Fig. z0rl. Th€

cal1us sroving ot Rc nediun !5s then cultured {lth 0.1 re/I

N^^ ud BAP eacb. Tltc callls exhiblteit Doie o! t6ss cquallv

good gro{th sintlar to the cultrres Siovina orlgtnatlv xith
NA-A and BAP (Fie, 20C).



A B

D
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rtg. 20. Ityaune c.l1s aroYtna on:
(A) tlhtte'3 Root csltlle (Rc) @d1@ coltainiig 1'0 ig/l

?,4-D, 5.0 ng/l As and 1OO E1/1 CM (5 {eek ord)
(B) TteatDent as 1a (A)j neai@ us (5 weeh old)
(c) and (D) 0.1 og/1 NAA and 0.1 Eg/t BAP and 100 o1/1

cx ln Bc Dediu (8 
'eek 

otd): (c) calts tlatuferled
fld XS to RC r€dl@.



4-D lnduced Root callu3

a) [afect ot clil

'llrc root cxplants vcrc sortcd out lnto allcdr and

sub-anicrl scRrcnts .nd hoth tvpes ,efc culitrY'd on n'diu!

cort4lning Cll. The cal1us {as forn.d in 3 {'o}s in 3ll

curturos rhich ras.ote copiou3 in alacrl se4mnts (Ftt.r9D)'

The c.llus tds rpparenttv conp!.t and Aieeni3h {nite ir

colou! th.t b.cme noduLar.

In rS veek! a vhit. ftiabi€ ca11u3 alpetr'd 3nd

greenisir-uhit€ conpact ca11us changed to lure Hhite conpact

callus. After 25 to ?6 we.ts of Srovth' hvarine green

parch.s rpp.tr.d v!thlD the carlus, rnrle pLn* colout changed

to vhite na33. The grostn of callus.s such contiNed ia th€

fotlovins ,o€ks (Figs. 22 A (ulper) - c).

b) Effe.t of cH

Pieces o{ white conpact, uhite friable a.d hv'1in'

calli taten lror cll containina flasls rere subcultuted sepa-

rat€ly on nediln vith cH,

c.t1us crovtht3 notic.d in 3 tee*s ard ii Yts

bett.. in vhite conract and lriahre pi€c€s (Fiss. 214'21c)

t,ltcr lhc f,rotth v.s rornd bcttci lor 6 Yecls onlv in rhite



c

Fig.21. Root callus glowing on Uhlte's Root Culture Dedl@
containtng 1os/1 2,4-D and 1000 dg/l cH:
(A) vlhit€ and conpa.t

(C) rlhlte and frlable.



Frs. 22. !p!Sq: - Root c.Uur Alodns on vlhiters loot cultute (RC)

D€di@ containlna 1o8/I 2,4_D and r00 !n/1 cx:
(a) Hyaline (B) ohtt€ .nd fllable (c) nhtte ald c@Pact'

I,(tr!:- Root e.Uus shdlnA grNth ln 3 leek d ddl@
containins I oa/l 2,4-D and 100 o1/1 c{:
(A) Rc Eedl@ (B) us edtr.

B



,1

cl dr. co.ct c.tlu

thtt. c{t'.ct 4U!t, aMili or . rcdtr! rlth Cx'

nr th.n srbcultur.it or ti. tr. !.itiuri lt ild.loP.il F..r
llgDrt.tion eft.r .bo{t 26 r..tt. Ev.n th.t colour .ut.pP..!.il

.ft.r th s.tt, !h11. tt c.lttr. gtwth c6tts6il urttl l6th s.l.

lli. c.uut d tr.Dtf.r to Ll ..4!u! cont.tDltg

cl{, .rhibitod rloe .grorth !.luttlai ir d..th of thl callut

.ft r rlolt 5 E.t. (Fis. 22 l(lors)).



Cultuie oI nuds on MS ltlcdiun

These prelialnary studi€s to culture the v'getrtiv'

bttk at R. setpentlna v€r€ uDd€rtstcn

propasation. The buds t6ken fron actifetv 8ro{in8 fi€1d plants

on vurious mcdlu cont!trins diltercnt 3lo{th

r€gulators tn adilition to either Loo n1/l cM, or 500 ng/t

Ctl, or 2O0O ngll YE or 10.0 ng/l biotin and eatra nrirosen

sour.€ (Exs) 2s0 rsll sDDc Thc pH of the ledia vas adjusted

I. Eflect of Kn in !b9

The buds cultur€d or E nodiur containiu 0 s q/l Kn

aprout.d ir 2 feets. Th€ basal portion ol btds s{ell€d proba-

bly lith the fornation of lnternal callus Crorth of the shoot

or initiation of toot r.s not noticed ir the fotlo{ina 6 re'xs'

11 Effect of r{r ,itl E P or l(n

The buds, cultur.d on a neilitrr containi!8 l'O Dgll

NAA and 0.3 ng/l BAP, foned Dew leav€s after 4 r€el(s' but in

tie IoLlowing 7 teeks n61th.t {urther shoot eloagation nor roo!

fornation occufeil bon tiansfe ed to a nediun conlaining CM'

th€ basal portion ot buds hon.v€r, s{e1led probablv du' to in!e!_

nar proliferattols {Fig. 238). These buds rtEn ttufeir'd to a rediun



Fig. 23 100 o1/lIIS oedi6 conlainilg
and 15,0 ms/1 I(n (2

and 0,8 Es/1 3Ar (3



contsining cH 1.0 ns,/1 N^A inil 5 O 'nd 
1o'o ngll (n' sti1l

f.tl.it to sho, anv further it.v6loPnnt'

Sone buds xere cultur'd on a neiiiun contrirltt cll

and {tth either 1.0 trsl1 NAA and 10 0 ns/1 BAP o! 1 s ng/I N^A

6trd I9.O 6111 l(n. rhe 3ploutttA ln tlr buds '6s visible in

on. ve.k. The sptoutlng aplat'ntly vas less in buds cultu!'c

vlth NA^ anil Kn. Iurthetnor., th6 btsal poition ol th€s' buds

gr.r in thictness as a resutt of lnt'!n'I ltolifetationsj

Fir. 2341.

s) cultur. of Buds on r',t M'diut'

The buds Nere also cultuted eithet o! stardard l\r{

nediun or the one containlng ollv 1 O ng/1 NAA and 10 0 ng/I

Xn. Sprouttns of buds and thc erovth xiich f'llo{ed in 3 {ceks

sas sitrilsr,to thos€ buds cultulea or Ms neaia containlnS NAA

.rd (n, €xcept that the buds on Attl t6diun erbibited nore

vigorous Arorth.

c) Root Fortration in Bud culrur'

Tle non-rooting bud! {e!€ ts}en frd lls and AM

and {er€ soaked in liquid Rc nediur contdinins

lAA and 1lA, for 24 houts 6nil vere tlen cultlr'c on

liquid Rc n€diun The root iornation tas oh3orved



onlY in tho3€ buds {hi'h vere

reat productlon (Fil. zsAl.

D)

I

culture of Bud! !!--8qBLi!1!.

Etfect of IA-a and BAP

.) Blds rith induced toots

TIe rooted buds rer' crltured o! Rc trediun contai-

nina cl.l, 1.0 nelr IM.nd 10 o na/l BA! atrd biotin_ rn 2 deers'

th6 buds nultiplied into 4 to 6 buds rith net sreen relves'

Neithei flather srovth of 
'1t'adv 

indu€ea root occurred nor

v€re further roots i4duc.d 'ithir 
the observed period of

?1 rc.ks in nurtiPlictl buds us {c1} as in its sistcr buds

vhen seplrat€d and cultur€d individuallv The roottips

lnd svorlen brs.1 portiot oI buds instead Fodlced calrus'

The n.in axis of nultipticd bud ronained diatf and shoot

elonertion {as rot roticcd in the trans+crr€d €urtures'

b) Buds vithoui

T.h buds rithout Plior root fod'tion' uh€! cultur'd

on a nediuD containing cM' 1 o nall lAA and 10'0 Dql1 BAP tnd

biotin, benavea in a sinilar tav for 21 Yeels as buds titi

proforred 160ts exc€pt that alscoloration of leaf-tips occufed

afrer 9 {eeks, This discoloratlon bv tisnsf€tllng

tho buds onto a nediun contalnlng 10 n1/1 FNs solution'



slx eeek otd bud .u1tu!e on vrhlte'3 Root cultule
contatnlng IOO E1/1 cl(, 10 !g/1 ltotlr and:

(A) l rg/r llA and lO ta/l BA!

(B) Bud Erorlng tllhout grdth r€autators'



Ft8.25, Root fotution tn bud. elltuled on vll!te'8 P@ot c\lltule

(A) 3,0 !g/1 LAA and 3 O r,g/1 ]lA (for 24 hrs. ontv)
(B) Aux1n1es6 Rc Eedl@
(c) satu as (!), loot expo6ed
(D) 0.8 Es/t NAA, lOO oUI CM, 10 o8/1 lioth and

250 n8/ 1 Sod. diechyledtthiocalhdate.



31

?h.se .o!'!ooting mltirt€ huds {cre soal'ri for

24 hours in liquiit cittr contslting 3.0 rall of IA! dd IIA

each, folrorqd by traDsfer to a liquld RC r.dlut tithout tnt

auxtn. lnst€ad of d.tlred root fo atio!' it v.s obs'rved

th.t in sone mlti!1. buds, ! corpor.rt sist.t buit bccme

enlarged as if exhibiting shoot ilev.lopnent (Fis z4B) T}le

1erv.! of e argeil bud3 rer. l.rcp! tht! thos. of oth.r 3i5t.!'
buds ord r6rc of lpptoxiEt€lt 10 to 15 m f, 4 to 6 trn' in 31t3

Further grovth in th. sioot 9tolpoil .ntt thes. .nlaige<l buils

did not fou roots (rabre_g).

It. Dffcc! o( NA^

The brds P€r€ a13o culturea on a neaiun contsininS

eith.r only Cli oi vith 0.3 ig/r uAA, lO.0 n3/t biotin, .nd

SDDC. Tho blas t€te having y€llo'i3h gteer 1€.ves dnd ttt6it
br3i1 portion ploauc.d a negllltble eount of ca11u3 .nd roots

ir ra rccts (ri!s. 258 and 25C). Thc rooting fts obrowed

vith NAA n.dlun but slter 2 lore v€.ks (Fis' 25D). Th. rootrng

t'oth siti of rtthout NAA va3 l0l.

rI1. Eff.ct of BAP and cA3

The root.d

NAA rc.e cultured on 5

or {trhout 0.3 r3,/r

cM, 10.0 ng/1 biotir Bnd
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ENs solution' O.s ng/l NM, 2.0 iill B^P 'nd 0'01 trall eA3'

ln s eock., thc toots rvcllod alon! thc ontitc 1e4th, fomi!!

internsl 9!ollf.rations .d n.r *hlt€ colour'd roots ter'

?roduc.d on th. old .rell€d atil nor conPt€t'ly bltck'red

roots. !o tr.nd tov.iil. lhoot it6v.1op!'nt t'3 hof'v'r'

o6s.rv.d in furth.r 3 r..r3.



PLAIfTLETS FoR}|ITTON

For these stldies' I'tf' 5te! anit rcot c'lti

ol &. s.!p.nti^a veie cultured on various cdia nentio!€d

ulile. lespectiYe exleritr.nts. The adaitives used {or' cM' SDDC'

blotin atrd ENs solntion and their concentlrtions are nention€d

in the preceding results. Th' pH of th€ tredia was 4dju3t'd to

5.3.

The soil useil for trarsplanting the plantlots Yas

r nixtfe of lom soil anit l€lf mula lts pg xith tap vatet

vas 3.8. The pfl oi 3oi1 re!.ined 'lltline 
6nt vali€d to

sonc extcnt rith diflercnt solutlons usea fo' fate'ing pl6nt'

lets a5 refetred to at alpropriate ptaces The contrain'rs

{ith tr.nspranted Plantlcts vc.c covcrcd to inclaosc lnsido

I\umidit/ and verc k€pt undcr the stfl' conditions as Drovtded

to thc cultur€ frasts excctt tor slight nodification in trluni_

I) suspension culrures

Ior rcaf susp€nsion stuities' the nateri'l cane fron

cultures {hich had be€n active!v 8ro{ins on r$t solidifted

nedlln tor 6 veeks. Equal nuttber of snalr ca11us piec's

(c.11 .ggr€eates) rele.ultur.d in f1a51s iavins AU suspension

nediun contlining 1oo !1/r ol. ototth in sospensio! curtures
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not notic.d fo! the follovingand ihoot difterbrtiation v.3

6 veels att.r tran3f.r,

B)

!1 r,rs susD.nriom

Fot 5t€r tusp.nsion studi.3 on rls rcdiut' thc

n.terilt c.ne fton .ulture3 rhich had b..n tcttvott lroving

on Ms solidiftcd redtli cotrtdintq loo nl/l clt' 0 s ral1 lA

anil 1.0.8/1 BAp for 10 x.eks. Equ.l lunbet of c'rr tagre'

glt€s ,.ro cullurod in tla.*s htving IIS susp€nslon n'itlun

cont.inirs loo nr/t Cx, o.s.i/1 tl^A, 10 'gl1 BAP 
'nd

loOO ngll cfi. Gtovtt in 3ulp.nstor cultu!' on shoot diff'r_

.nli.tion r.s not ob3.rY.d for.! 1...! 6 v"*s tft'r tttn;f'r'

i) E{f.ct of sotc

Fot ste! susp.t3ion studtes or lC !'dtun, tne t't€rial

can€ tlon cultu!.! rhicn hed b!.n activ.lv lroring on Rc

solidili.d n€diu cont.tnt4 loo i1/1 oi' r0 ns/l biotin, 250

ns/l sDDc, lnd O.s !g/1 NAA fo! 6 r.els. Equ.t nud.r of 'ell
.Sgfegat€s r.t€ curtut.d in flask3 having Rc auspolston n'ttluf;'

containlnS all the .dtlitiv.s ol soltdtft€d nediut In rdilitlon

to 1OOl) !s/1 CH. crotth ln 3usp.nsion cultures {43 visible {ith
ninor incrcqsc tn sizc of co1l agSresltqs but tithout shoot

alff€rentiatlon aftet 9 r..ks of clrtur.,



Thc sten callus {a3 t.le. fron actlv€lv stoains

calrus cultur.s on RC nediun contatnirg loo s|l1 cM' 10 nc/l

biorin, zso n3/1 sotc lnd 0.3 rs/l NM' durtng the llst 23 reeks'

EqDat nunber of c€ll aggro8.t€s {.r€ cultut€d in flasks contai-

nins Rc suslension trediun, btvlng 1OO nr/r cM, r0 nsll biotin uit

1.O ns/l IA/\, Thc ar:in IBA !trd €vtotinins aIP' x!' as !'d

2iP rere ldaed to tie suspenstor!' eithe! arone or in various

conbinttions (Tabl€ - 1O). Th€ susPen'ion cultules erhibited

5on€ sro,tn in all trctttrents upto s ve€Ls Ther€lfter' the

slspen5ions .to?Ped grovth tn nost of the tYeadents anil

turned bron' except thst . slov gtovth conrinued (o' abour

15 weeks in cultuft3 containirg lO ng/l of either as or ziP

(rable-101. lloreover shoot rlilf.re!tiation las not noticed

in these cultures for th. p.riod of 15 veeks'

Root Callus C!lturecl

a) Fran r, ,ltto differ€ntiat.d roots

Fot root 3uspension studies on dtfferenttated roots

the material cdn. fton 40 v.eks old cultures activ€ly groNing

oD Rc mcdiun containing loo n1/1 c and r'o ng/1 2'4-D Equal

nunber of c€ll a8gregatos vere cultur'd in flasls having RC

suspension n€dtun, contalning 1oo n1/1 cM! I o n8/1 2'4-D and

1O0O ng/1 Ctl. Th. gro{th in 3!3pensions {as noticed as c€1I



sgar.gates increased in
*as lot obse ed during

Shoot diff€renttrilon

shoot itifferentittior onlY

becluse in cdpstison

b)

For toot .!r?.nrion ltudte3 on 3€6d1ing tootr' t^'

nat.rial cane !ro! cultut.s thich hld h6'n activelv srovin!

otr Al, soridified redi. for 19 t.'ks'

Equal nu6.r of c€1l t8glegates Yere cultnred in

frask cortainias A 3usp.nstons, htvhg l0O !r/l a!t' 2'o '!lt
I^A (ir plac€ of r.O n/l Nl^ tn st'ndlrd l$i) uil ha1{ strenath

oi other r€gulatote of stand'rd A redlun The celf in

surpcnsions ncithcr bromcd nor cxiil'itcd lnv spPreci'ble

grovtn or ilifferentiation for th' folloving I v€ek5'

ti) Eflect of diretlivlalinoturtn' (zIPl'

cerl !geregatqs s'r' cultured vith Ll{ suspensrons

cortainins 100 n1/1 CU' 2'O r8l1 IAA 6'd tlall strelEth of lr4

srortl resurators (e:cludtne N^A)' The ciltures also coattined

€ith6r 0.16, 0.33' 1.6 or S 5 tgll 2i?' The ce1ls diil roi

tum baom. stoot dtfie!.nltllion tas not obsefled fo! g t"ts'

2) callus culuures

For furth.r 3tuiti.3 on

sten-c.llus curttres rere utillt.d
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viti lesf and root c611i, tn€I had nore notPhoge!€tic potettiar

as €xpressea in root dtff...nti5tton (pas. '63).

a) clltures eI !!q !q!!!! jgllgllll
il l:ffcct ol N A and Xn,

cu.

sten callus inltiat.d on Ms riliui cont'ini'g

1oo n1/1 O.l' 1.0 n8/1 NAA.nd 0.s !&/1 xn sts subcultur'd

on tne sarc reatun. No shoot differentlltion sts ohsetveil

for 25 rccls aftcr culttrc.

ii) cff..t ot NM .nd BAP

Thc sten c.llus initisted on MS ncdiui containing

r00 nlll or, 1.0 d8/1 NM and o ! nslr xn vas subcultured

on MS Fdiui contlinina 100 nl/l cltl and o l ns/r e"n of

NM and aAP for 60 ve.k3, Th. tctture of th' callus tas

E.ner.tly friabl. but occ.ssionaly it ts.uEd ! nodul'r

lppcsr.nco ,itn conplct and hltd t.xturc The changed textur€

Ms usually sssoci.t.d,tth.pp.ara.ce of gr"! Pisettatio!
This grecn callns cultu€d {lth ot rithout NAA lnd BAP| did

not e*!ibit any 3lDot aiffo!.ntirtlon.

b) AltI Cqltu!€s

The sten ca11u3' previouslv g!o{i!! on lS nediun

containing 1Oo !1/1 CM, 0.5 n8/1 NAA and 1 0 nsll BAP' was

subcurtured on a!{ redlun hd groM fot 30 {c€}s lt 8re!

ve11, had lriable texture Mt .xlibited no sh@t diffordtiatlon '



9I

bl Rc culllqM

Th. stcn ca11u3, previols1v gro{ing on XS ucdiut

cort.inins IOO n1/1 ct{, r.O rs/1 NM.nd 0.5 m3,/1 X'' vas

subcultured on Rc n.diun cortalnirg r00 trl/o'!, 10 nelr

biotin, ?so n8/1 SDDC atrd 0.3 t8lr N^A. This 'dlrus f5s

suhcnltured reauldllv.t 1_re.l inte.v.13 on tr'dl' of th' 3'n'

conposition. Th€ callls glcv for z0 r..ts rithout shoot

difr6rentiation. rttor€over, th€ cslrls, in tn' flrst te{

prssases, rd.ined nodurai and cotPcct. Th'!etft"' due to activ'

arofth, tire nev c.11u3 otr th€ periphert of th' cal1us lloculds

bcc.ne f.lah1c, llorcvcr, th. cdtlls in lhe iM€r cor6, bas' 'nd
at tie .lor arorine porttons of th. tnoculln r'itined hard lnd

nodular. Ait.r th. sth passrs. (i... 22rd te'L) sPortanoous

occurr.nce of ftristemidal structutes {t5 trottced in cultures'

Theii ap?e.rance {.s likc thick .nd blunt vhite lroj'ctions r\

1o, tcr€entaae of th.se thlte nerist.noid! hoxcv'r' gr'{ furthcr

and forned xell Sroting 8reetr shoot3 (Fis 26(u9per)) *ithia

2 to 4 re€ts. once ert.b1i3he.l in culture' tbese shoots toot

d rurtic. 4 to 6 tooks pcrtod for root forndtior'

,^l!cr root lornntion, th' planttcts could cosrrv

be sep.ratcd from th. nother ca11u3 (Ftr' ?6(Lo{er)) Th€

plantlets containing 1oo nl/1 Cll, 1O ng/1 biotin, 1 0 ngl1 I4_a

and 10,O nc/1 !AP, Aftor four vcc*s' growth in apic'l bud vts

noti.ed. Late., thc loav.s bccano vollovish' cb€ toors fotmed

callus af,d nov shoots srev out from tht b'3:1 nod's (FiC 27(upp€rj



\

X

rt. 26. !lp!g: - shoot dtlt.letrtl,atton !s 8ta c.11$ cultut.d
6 r"hlre's Roor culrula 6.di@ cotatnlng 100 E1/1 cll,
10 o8/1 btotln, 250 Es/l Sod. dt.thvl€dlthiocaln@t€
and 0.8 D8/1 [rAA.

!4!c!!: - Shoot dtffe!.ntt.t€d 1n 3rd ca!1u4, culculed
aE 3!ove shdtnS loot fomtlon tn 4 w.el.



F18. 27. !l!!!I:- C.Uu. lorutlod on pl.ntr.t'8 loot on tlhtt€rr
Roor c!1tu!e iedt@ conralnlig 100 E1/1 cx, 10 Eg/1
btocth, t !la/l ILcA and l0 !g/1 8AL

!g!3!i- Rootrq of plantlets tn ha.al Rc D.d1@, aft.r
tleadent fo! 24 hrs., Fhh 3 EA/l LAA and 3 q/I IBA.
(ca11us.eit loot {a. acl8ed).
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dttn th. flrthor d!v.toDi.n! of n.t !hoot!, !!' troflh of

.ptc.l budr .tov.d don. To .lt.tdt. or t.duc' v'uori4 of

1€.v.., th€ n.dtui ms .uDDl4ct!.d rtth 10 'tll 
ENS sorrtlor

in furth.i 3ubcurtu!.r.

In th. iolrotlnB 5 r..t!r Profut' callut fon'il o!

th. !l.ntl.t roolt .nil n r shooit !r.r ou! rnd f'ntd brdch's

yith nors g!..n 1.!v.., Th. c.llu.t.d roott r'rt s"tr't6d
flor th. PlsDtl.lt .trtt th. Dt.ntl.t. tot Ylthout root!' xtr'

.urhr.it on tr.ittur conlstrttrg too tl/r au' 10 'tlI 
E[s tolullor'

1(| rrll btotin, 0.3.!,/1 NM.tul 2.0 trlr B P'

Th. Plrntl€t! ilid lot !roil!c' 5nv loot ttr tn' tolr_

orlng 9 ,..t!, b!! tnoir tstr.a b33.t Portton, tuPiur'd 'nil
produc.d rrc.n c.rru. rhich.Fdtlv F! trE dta$I6 of tnttrirr

c.llu. or !!ortf€!6tioM. xon.tlt61.33 th€ 'h'ot3 '*htbit''t
vlrp!!|E grth. t!. caUc fdcd .t tt b'sl od of u'' !l{ru'ts E

e.D.Et€it 3rd tlE plmtlcts GF tIEr tst d ftlh 3'0 !i/1 u dn tB

€aah fd a hoE ir rtqdd IE -diu! nFftcr' $c Dlotr'ts or

tr.tr3fcr to .utrl.!t ttqutd RC ..dtun lod'it roots rft't on'

$.t. Thc roots r.to .llored to .nr'rg€ lor 1' d'vr (Ftt 2?

(Lor.r)o, b.foi. culturtng th. Plsntlctt on torldifi6il Rc

r.dlu! cont.tning roo rr/1 Ct{' 10 il/r EtS tolution, rO t!/r

biotttr, o,O rslr 
^r, 

2.0 tslr BAP 
'nd 

O'ooor '&/1 
G\' Aft"

6 rcct. thc !rutr;t3 sho*.d trov lnoot arovth rhicl' hor'v'rr

for.d n.r gr€.n 1..v... Th. root !iP' fo 'il c'llus bu! no

n.r !oot. r.r. fo[.it. In !urt!.! !r.n.f.!t of pl.nlr'tt or



fresh n.diunr the cotrcertlltion ol GAj 'as incre.s€d to 0.001

oglt. In tlE fou@itg 13 kks' lhe r@t of prdtlets ptodlccd

copious sreen calrds (Fis. 28). Tn. bratcled shoots forred

trot. !i6an l€aves. The old6t lelves tuned hrom a'd ab*ts€d

alaost like field glorirs Plaits.

the callusseit roots vere then separated frm tn€ pldt_

lets, The ptantl€ts Ee retreated trith IAA and lBA foi 24 hours sd

ve!. then ctltured o. alxialess liquid Rc rediuE fo! re-.ooting

The pllntlets produced loots ts befo.e, in adinless liquid

RC rediun. The iooted plantlets vere left for fDrth.r develop_

n€nt of foots for tie folloving t teets and were then trans-

ferred in soil and provided {lth €xtra illuIidtion (tunSsten

lighrl ns ro0 I'I ?ea s plantlets. The llanilets t6ro watered

with tat-sqter. The pH of soil sftei watering vds 3,3.

In the .follosing 2 {eeLs, the tlansplartcd plantrets

savc nornal rnd hcarihy apDcarhcc sirilar to thc fi.ld pl.nts.

Lcnvcs Here nostry !reD. but sonc verc sliShtrv vellovislt
at tips, sone aro*th i. ih6.pical blds Yas noticed (Fi!.29).

Th€ lcav€s at the ro{er no<tct {ere abscissin! with splolting of

nev lcaf-buds. This condition, hovever, coula not be plolonged

beyond one veel wnen the tips of leaves becan. yel1ov dnd

turned donyards and ultinat.ly such leaves start€d lalling off'
The tap rater vas thereaft€t ni:.d *ith 10.0 n1/1 ENS solution'

by doi.8 so the pH of tbe nediui beclre 3.6- Even thc oddition

of ENS coula not clectr leaf abscission and tlle situation did not



of planilet on lJhite's Root Cuttu!€ Eedt6 6!pple-
wtth 100 el/l o,l, 10 Esl1 biottn, 10 r1/1 ENs

ntllogen source) r 0.8 Es/1 lrAA a.{t 0,001 Eg/l c\.



irFro!. in 2 veeks. The p]lntlets vere proviited rith n'cro_

3a1ts of RC @ditrn and boric .cid, ntnganese chloriile' 21nc

sulphntc, potasiium iodidc and Fc IIDTA i. sranitard conc'rt-

r.tion in eolution forn. Fitral volutu of this nutrient

solution Nas adjusted with tap-sater' EUS s'rrtion a3 10 0 n1/1

Nas also added to this rutrient solution. The PH of thc soll

vith tlis sorrtion ren.ined 3.6. l{ith this nttrient solutiot,

trlntlcts rclpindr d-ir vllplr in de rcct. Thc le*s b4@ Frcen

but tne 3light yelrovishress of tiPs still renained. llo{'ver,

futther fllling off of the 1esv.. stopled The net reaves

*.re conPl.tely gleen.nd th. giovth in apical blds frt ltprov'd'

Ti. ola6r leaves later acqui!.d <onplete vellor colour. Th.

nutrlent solution {as chsnsed xith tle one containing o'lv.the

nacro-salts of RC medius in tap {.ter ata 10 n1/1 ENS solution

The pll of soil vith the n.u 3olution becane A-s After th€

.ppllcation of cl:nged nutrtent solution leaves ne" eplc'l buds

sccr.d protected fror furthcr vello{ing, btrt in the follo{ing

2 re.*s tne niitribs and veiN of leaves reie se€n beconing

y€llov, otieitise th€ lcaves {.re healthv- G'oftb in pl!ntr't3'

horclor, continued .t slov tace. Tiereaftei, the plantlcts t€re

glven halt strergth Knop's solutions' containing nicro-salts

of Berthelot's solution. The PH of soir {ith this solution

bccdrc 3,1. lhc tunestcn 1i3ht illuiinatior v!s doublcd

(200v) (Tabre-11).

Thc plantl.t re.vca..quired cotPrete gleen colour ttr

thc folro{in! 2 tee}s. Thev rcr€ erowirs in 225 m dia.- Dott'



FtA. 29, !fte! 2 kekr of !!.n.fe!Jt ,?tro ratr.i! ll.ntl€t
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Fron tie results aescrib.d In th€ prec€ding chapter

it is eyident that the callu! ttssue induc.d fron leat, tten
&d root seerErts ol R.dollia ..rP.^rnna.olLd b€ successfu-

l1y and contiruously cultu!.d, Furth.r culturirg of sten cal1us

resrlted in root arrd bud diffe!€ltiatio., ultiFtelt readine

to plantlet fornation.

DISCUSSION

Al calrus Fomation lnd it3 Curtur.

a) E&s:--91--9!.L:lg:8:!:

In the.present stodies, the fornation of callus tas

observeil tetter and etrli€r on le.f erplalts tak.n fror
Iaboratory Sron asoptic scodlings than fron fi€ld Plants.

lttiiJt et 4L. (1965) rcportcd th.t in lcaf explllts, raken

fion asepticqllt grom sccdringt of RatuoLtia.6tpentt'a' carrus

fornation {as confined to thc vascular r€gions, particulsrlv

those of nid dnd latcrrl-r.ins. Lil(euise Flruva et dL. (1972

and 1974) obtained petiolsr c.11u5 rn captn. i4eokicd lat.
dn66ecta 6rd Rh.4h paLk4ttn.

Ston (xp1.nts t.toD fron Ii.rd Aroritrg Plants

behaved nolmal end !ithout rnt nentionabl. dtfficultv in calrus

Mi,tr6 .t ar. (196s) also r€polt€d fornation of

root catlus in sub-.pical explants takcn .ith€r lron tlre nain
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or 15tcra1 roots, In conttllt to theit observatior3 the

present srudies sho{ed that both the alicar [root_tips) .td
s{b-nlical root seernts forncd copious crlrn' The r6ot

s.gEnts taten fion aseptic aeedlings and fror roots diff.r-
cntiatcd in steh ca1lus, t€r€ fould better exptants for callus

formation than roots of fiold gro{n pr.rts.

rflccr of various ne\li.

lor tne indlction and atostt of leaf callls ol

R4\6axfia *.P.^ nd, nrite's' HS (Mita' tt zt r96s) lnd

{noD's (Perveen, 19731 ncdia isd be'n used 'ith sinilar'

icsDlt!. Furtheanore, Pcrveen (!!73) reported tnat the basal

n.tliur supplcnented ritl coconut nilk and auxins induccd callus

in eogicnts oi 1e34 and st(n Th€ isol'1cr 'ell 's ti33ucs

could not Srot continuo!slv by regulai subculturine at on€

nonth'3 interval in tn6 srne n€dtu! in lhich tne/ ver' inituced

Mltr. rt al. (196s1 susscat.d that nft.r induciion of ctltus

or {hite's rediun US tas a srita6l' nediun for successlul

contlnuous Ciovtll of 1€af tnd ste! callus rissues ln the3e

investigations leaf ca1lus xss induceil on l:s nediun and tts

succcseful continuout gro{th v.s scnieveit on A lAbou-l'{addour

r.Is, nodifiea nrite's 0llira et a' , 1955) 3nd (no!rs

nediln (Perveen, 1s731 f,€re dlso used for the induction 
'nd

*rovti of sten calhs ln tnc present {6rk, MS rediln t55 foud

suitablc fo. callus fomation on sten explants and nodificd



white's .oot cultur€ (Rc) nediun (rhonas and Dat€v' 1975)

suitable for contirudus cultlle of sten callus, The st€n

callus usnally becane bromish in lon8 duration cultutes on

us ncdiun, vhilc brovtring ras not as frequent on nodified uhitc's

(Rc) icdi{n. simirarly c.rcw (19661 ras able to trlirtain
callus cultures of cdrharaathu. trssuc for rore thrn 5 veais on

an;ther nodtfic.tior oI rhitc's icdiun (Babcoct and carew' 1s6z)'

'Ihcsc rcsrrts flrc, however, dlffo!ent than 3€ncidlrv relorted

for S ncdlut, {hich is in roguc aor culturing c611us or agai

and is cleri3h6d due to itt niSh con.eit of nittst.' potassiun

and.nnoninr rclative to otn.r nutrierr:::edia (c.trborg €t a'"

1976). MoreoY€!' the erjonte, partlcularll of nitrolen and

potassium, hav€ beer fotnd to b€ itadoqtate in White's rediun

ro sustdln iaxjrun Crotth of callus (l4urashiee and SlooS lc62l

Tlese resllts also ililfer fron the olservations n'de bv Pe er

anil Ilani (197s), ,ho tlansferr.d tLe sten ca11us for continuous

arorth, lron. lov salt ncdiun ((noP's) to a hidr salt neitiun [I|S)

In this worl, root catlus formtion 6nd continuous

cultule of root ca11us N6. achieved on noditied flhiters tRc)

nediun. oth€r {olkeis also ottained callus in explants of

R. ..ryentina roots on a tudilicd lhitc's ncdiutr {Mitr! and

xaul, 196a). rh. i^,it\o difterentiaied roots fron ster

callus ot n, .s'pentina lor*A .llrus on nodified mtte's (RC)

ncdiun. Morcovei, these collus 3u'ccssfurlv

rnn contitruously naintainc on thc sanc ncdiuf, during thc



toklnin3 alone and in conblnation.c) €Ef€.t of auxins or c

In the Present vork, 2,4-D alon€ {as lound consider-

ahly eff€ctiv. foi cal1us lomation in 1eaf, 5t.n aDd root

scsncrtr nt vrrious conccntr.tioDs rnnsins frot 0.1'1 0 ng/1'

Tne leaf and root esnerts requircd a conparativelv higher

.oncentration (1.0 nc/rl than th€ sten explants.

Perv.en t197s) also o6selved that l€af 
'xplants 

of

R. 6."p.nti^o required a nigh.r concentration of Euiins for

carlls tornntion than sten sceients anil tiat th€ callus could

also b€ induced ir leaf seSnents st a 10' auain lever [0 1ng/1]

{hen conbincd with high level of cytoLinin ((n' 5 0 and 10 0 ng'/1)

Non€theless, 2,4-D used alone plov€d b€tter auxln

than NAI ror calrus inauctton in leaf, sten and root explalts

Thes€ results aie in agreenent Yith v'iious 'orlt€rs {ho founit

2,4-D alon. .s an effecti!. .u:in' rostrv 't 
the concenttation

of 1.0 ms/r (staba, 1e69) or occ.sioMlv at a hilhcr corcentr-

rtion, 3,0 A/1 (carct, r966). Mit1. €t ar. f1965) !1so found

2,4-D Elone as an ess€ntlal conponent sith Nhitars and Ms redia

ror conlinuons gro{th oI rc.l, stcn and roor cr11u3 cultures

ot R. .."p.atind. rn thc Pres.tt vo!t' a 'yto*tntn 
tas not usualry

reqlired vith 2,4-D for continuous culture 'f 'ten 'nd 
root

calli. In fact the additioD of I(n to cult're5 tn conli^ation

rith 2,4-D vas round inhibitory to st€n ca11us grovth Hosoda

and Yatqzawd f19791 o!se.v6d stmilar effect oI *lnetin on

solanrn ld.nhnatun cultures. In the pres€tt irvestigations



ad6nine sllphate (Asl, kineti. (xnl and benztlaninoturiD'

(BAPI bad nseful corbinea sff6ct (total cvtokinins'4.4 ns/l)

flith . iigh concettlation of 2,!t-D (6.0 ts/r) in A''t nediun fot

succetsful lnd contituoos culturc of l€.f carlus. Perve'n

(1978) did not 8et the sinilar conbined effect of 2,4-D vitn

s c/tokirin ((n) for ca11us fornatio! .nd ca11us srovth in

lc.f .nd sten cxlrants of t. d.rpenfiia. I\e restrts of lrosett
investi8ation, ho{eve!, concur tith the results of various

vorkers vho reported the conbined €tfect oI 2'4-D {ith Xn

(Dhoot and Hensharr 1977), BAP (Jave€d ?t 4, , r93ol, (n, B P

.nd 
^s 

t/\lou-llardour, 1977) BI (zain-ur_Abeain' 1977) on c'tlus

Besid€s 2,4_D, Abscisic Acid (ABA) {as also us€d

for ccll lrovth in suspension cultur€s and it enhanc€d txc

Srovth in thc prcsencc of I A. Tho rcsurts ere 1n 
'gr'cncnt

{ith [iinocha (1979), 'ho founa that ABA stinulated th€ lro{th
by cell division in conbination rith an auxin (NAAI in

h.lidnthn tlbenEue 1:i'sne.

NAA, nostlv h€lPed in th' presen€e of a cvtolinir'

A htgh corccntration of cytotttrir ((inetin, 10.0 ng/l1 v'5

5usrest€d by Perveen t197s) uitn NM (r.o ns/r) for forn'tio!

of ca1lus in leaf exPlants. In the piesent inv€stigation lt

vas obscrved that with NAA, the pr€sence of a cvtoliain (xn

or BAP) enhancea the cal1us fornation aad tie Ero{ti of c511us

{as found better' In 1e.I exPlants, a high concent$tion of
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cytokintn ((tr, 10,0 nsll) kas r.qutled with NM (1.0 n8/r)

for c.11us fornatior.

The stetr callus gtovtn ras fouil bett.! in culture:

cont3ininE (n rith NA^ in th. r.diu (1.0 rsll .acb). The

lesults Bre in aareen ni *tth Ranoat dt dl. (1973) fot
cathatatthu. toss!6 sten calllr c!1tures.

The 'oo' segft.n!e r.quir.d sjn!1at do3. of 2,4_D

sesrent3 (1.0 !c/11. ltor.v.t NM anil .
cytotinin (B p) rhen used togctner ras foud suftici.nt to forn

carlu! .rd to contime it. groxth .vcn tt lot f conc.lt..tiotr5
(0.1 n8/r). ln Disitata. P!tpr,.a' 2'4-D.1'o induc€d b€ttet

callus at a loror concertratlon (t.O ngl1) and NM.t a nuch

hisler.losc {10.0 nglr) (slabr, 196z). TF. ia errra drffe;en-

tiated roots behared sinil.! to t..dting ioot. !.l.iiltrg
effect of rurins and cytothin, fot c.118 fomation dd cultur€

in th€ pr.sent studie5.

d) Eff.c! ql9lqanirc su

coconDt nill (cM) 10-1st 0{itra .r al. 1965),

casch hy<trolysate [ctl) 5oo r8l1 (Petveen, 1978) and v€ast

.rtract (YE] 0,1-0.21 (oht. dd Y.t.zata, 1979) had 6een rseit

tor aodaton and curture of c.11us in n. 6."9.ntln. Ia

the Drcscnt studies cx nscd .! 1ol (v/v) in |1S nodion vas fo@d

slitabl€ lor c.11us fom6tiot in leaf segnent. ,3 wo1l as for

initiation lnd contintoue Crovtfi of sten callls dnd in nodified

lhitc's (RC) ncdiun foi root cnllus. cH at 1000 ng/r, {.s



Most !1art cell., ln 8.n.ral, gref, {e11 without th.se

orgnnic 5upp1etrcltsr providod tle
cultuie nediun was sufftct.ntly hieh (Gan6org ard ltetter, 197s1.

I! t}t€ presert vorl, ca gtrhsnc.d 1..f c.urs 8loftn in a high

sllt neaiu (ri!) and CM so;k.d *.11 toth for st€n anil loot
callus curtur.s or htgh ({S) .nd ror.tlt, Yhit€rs (Rc) !.dl@
r.spcctiverY.

Garborg .t dt. (1976) susg.sted tllat tlioine (vit.a)
alone iay b€ snfficient to cultur€ nost of the car1i. ir tl.ir
studies. ticotinic acid (Vit. B) 5nd ltriitoxine (vit.D6) rer.
present ritl thianire i! I'lS, nodifi€d wnitets (RC) and Alt,

nedia usei! for the cultule of 16.f, sten ald root calli of

R. s.ry.nti.fd. In ttre pr.sent inv..tlgations, the sten cal1i
grer better ritn the ..tititlon ol btotln (vit.fi) ir the cultur.
!ediu..
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found suit.bl€ for contlnuous Srorth of l€lf callus. Y!, usod

a3 0,1-0.21 {ith sten c.llu! cultlr6s, alid trot iiprove tho

cnrrns srovth on lis n€dlln.

sucrose v.5 us.d .s I corbohvitrat€ source i! th.
culturc n.dia, duriirs thc proe.lt irveltigations. At lore!
sucrose levels, cf 1.5 in mit.'s lnd 2.01 in |:s redid,occu-
f.n.e of pignent.tion (.ortlt gr.fi) ra. frequett in ligit
erposed curtures o{ st€n nnd in.oot cal1us rith BAP anil/or N^^.



Th. pignentation r.s rarely ob3.rv6d in 2,4 D root calli

iro{irg on sin ar sucrose corc.nttation, 8elgmm (1967)

s13o observed that .uxin, 2,a-D, .dverselt affected chloro-

!1a3t induction ir cultures.

Relalive ablndaac. of pign€nts was no.€ rn a

nediun surplenentod rith 1,51 sucrose than in ote containinS

2.01. Pignentatior ,as r€v.r ob.€rved {ith AU nediu coDt-

tining 3l sucrose. Suclose concentr.tion higl€r ti!! 1.Si

lieht be inhibitory fo! pigrcnt production in R, derpencira

carr!s cnrtur.s. D.rton and strcet (r9?7) .nd Darton (1930),

also noticeil tn.t 2.s nr/rl or hiSner concentration of sucloso

{a3 unfaeourable to chlorophyll lytthesis in sPiaa6i4 ol.taa.a

cultur€s. on the other hand, F.di. and ltlehta [1976) r.porleil

incrc.s. in cl,lorophyll fornatlon rith incressing 1€ve15 of

sucrose fton 0,5 to 4,0t tn crouma. n.la callus cultures.

In the pr.scnt studies, occuliance of plgnentation

or r.vcrsion to a nonpign6rr.d st.te in carrus

cornon otscrv.tton. This bohrvlour lerccs dth thc tctult.
obtained by Straus (1953) fo! co endospem tis.ue clrtulos.

e) Eff€cr of cnltur.I condiliqg.

Follovina the !.coni€naattons ot l.titia and xaul (1964)

the Aard.Lf.ia *.1,t Et . corstant tenperatu!.

of 23oc: I rhich vas found sutta6l. fo! continuous grovth of
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1eaf, 3ten .na root carli. fh€ initial pH of vrrious nedia

adjusted to 5.3 was also in 4ccordqnce vith otb€! workers

recomendarions (canborg.t ar., 1976: ohta and Yataz{a 1979).

The 16 hour5 illumination provid.d to cultures in gen€ral, vas

found suit.ble for callus fornation od cal1us cultlre, fror

sten and root segnents. Th. l.af cal1us *asr hof,€v€r, irduced

nore easily in cortinuous illuninltion and th.ieafter erhibit€d

equally Sood grovth pattern sinilat to st€n and root ca1li in
16 hours illutrination. Darl glom cultDres gav. soft and

frirbrc srcn carrrs siril.r to that obtain€d by Pcrvecr (19731 u!-

<ler sinilf conditiors.

B] Root Diflerentiation ana Root Cul!ure

a' tff.cr of carrls orinin. rerture ard !l!3!l3ll9n
In thc present vort, root diffelc.tiaiion *as not

olservcd in leaf callus. The roots rer€ obsetvcd in root ca11us

bur rr_cr 0 prolorcc,l r"lr"rc or lL Hc.ls. In conttosr. the

ste_ caLli fr.quentl) dr.fe.entiated roots. In Seneral ttre

conpact ard bard sten calli fomed .oots. lfhcr tne conpactness

vas c[an8€d, as by taansfer of €ultures to cll contatnins nedi3,

the root .tifferentiatior c.pability dininished alnost parallel

to the de8r.e of conlactn.ss,

Pignents favoulod root differentiation ontt td a

linit€d cxtent, In contrast, mttty-white sten calrrs vas



found best for eally root difl.rentiation. ln the sde cultur.
rootinS {as conconitant to the callus grovth.

bl E!es-4--pl!-3r{ills.i-!:i-i.ea

Root foruatio. cs obselved in light expos.d clltur.s
in both pigented and no4-pt8rcnted carri. ost of tne picEnt€d

ca11i ditferentiating loots r.n.inea so obrl for a thort duletion.

Thereafter th€y glailually levert€d bact to !o!_pignented stat€.

Vasil and fiildebtandt t1966) Obselved bett.t looi fouatlon

in ?etiolar c.llus of P.aro..tin6 l!o!r.t.. in the dar*. l.lor.ov.!,

illud.atioD f$ 31so found r.c.3r.ry for t)i. s!.cessful cur_

tute of th€ roots in tie pr6..rt stuities,

The root diffetentiation occurred .t 5.3 pH, vhil.
ohia and Yatrz!{5 C19?9) r.ported dift.lentt.tion of loois fron

root callus of }. se?pertana tt 6.0 pg.

c) Eff€ct of nedia, vir4nin!;r9!!9 3!!!Ltq9!9!gl]!:4!

Root diff€r€ntiation occuareil on both US and l{hlters

nedia but bs nore frsquelt .nd cortinued for I ronger ti@ on

ihe 1ater. Stetr cal1us gro{in8 on l}'l neitiun did not dilf.r.ltiate

Root cultu!€s gref, successfu1ly only on vhit€ts

'cdiun. Thc .bsenac ol MnoDiutr Ditiate dy be one of the

reasons !s tlitr! (1963) teported that anioniun nitrate' cv.n
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ir vcry 1or concenttltiotr (30 rBl1), {a3 not scncftci.l to th'

aio|tl of ercised roots. !.sid.! l_vit.tins (thi.trin , Pvri-

dorin. and nicotinic acid), vitdtt H (!iotin) us.d h rhit'"
n.di!! {Br found effe€tiY6 tn toot dilf6rentiatlon for loni'r

leriod3 (59_s4 v€eb). Biotin tn the sde cd^contration

(10,0 hg/l) tas also foud euitabl€ for ioot cultur' It helped

in e.rly initiation of lateral! on root segrents. SDDC

(250 !i/1) ras adited to .toP brohina in stet calli lhe brominl

of q11i negatively tff6c!.d the root-aiffetentiation a[d iith

the lddttior ot sDDc th. !6!to!3tiot of aiovti in c.lli resllteit

ir rh. incleased root ilitLt.rtlstlon.

Roots in cultur€ forned 1lteral 'oot! 
mr' lBtour-

sbu {n€n cultured Nith 1oo h1/1 coconut nilk (cM) Th€ avEr4Se

incr.ase ras 110.36+ !s.onpat6d to 15.35t fot roots cultur'd

stthout C . Moreover when th. ctllus was reft attsched {tth th€

cultur.d roots, shite callus ltvour€d lat€trr Fot fo ation

bcttcr (11o.46i) than !rcc! callu3 (42.6s1) rncn cultured riti

Tlre root .allus ot d, o.tpe^ttha. ln contiart to

sten c.1lus, aifferentiat.d !ooa5 f,iti 1 ng/! 2!4-D The

r..ults obtsined titn root c.llus rie of particul.r ltrt€rest

.s 2,4-D ls ecnetally boliev.d to ielr.ss rolphog'n'3ts in

pllnt cultures (Gaiborg .t dt. 19761.



l^ Pelersa^nln h.rtofun

r.r notic.d vith 0.!1-1.0 D8l1 NM

cathatutthu. !a6e!, requir.d high.t
pp0) for looi fomtioD [tu..rat .t
uy bc .ttributed to tne mtur. of
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The auin, IAA, wt. founil to induce roots in 3t.D

R. .ere.'tiad in th. Dr.3.!t investisatton .t corcen_
vsl.iig fo 0.1-0.8 x/1, At 0.3 4/r &d hlebr ccEdtntim,
c.11!s $s iniluc.il o! .rpl.nts of diff.r.ntist.d rootr

ol cxcised roots ot R, ..rp.,titu t$ rr.o o6t.ined

(19631 ritll I D8l1 NM.

cultures, root foNation
(Naaryara, 1965). {ht1.,
concentration of NA^ (1'10

ar., 19?3). Th. diff.i.nc..

cyto&inin (8AP) ,a3 slf6ctiy€ in toot fo.Dtion as

sell as in cllturirg tie itilf.r.ntlated loots, tlin.ti! u.3

oqually efroctir€ in root dLffercntiat,on rn thc pr.3.n! e;udjes.

ohts and Yrtizawa [1979) reDorted root fomation ln R. ..tP.nt1ta
curtur€s vitn 0.2 ppn tin.tin and 1 ppr 2'4-D. ln cotrtr..t,
Porve€n (1973) r€ported th.t .xoaenous apprication ol
cyto*tntns r.s d.1et€rious foi the tnitiatio..nd.lonl.tiotr
of roots, tn R, .erp.,tina,

In P.tto.elahrk ,!o!t.ts. tissue cultuie, a! inhibition

oI root formtion ,as nottc.it by increasins the conc.ntratlon

of.uritr (IM, .t 1,2.5, 5:nd 10.0 nsl1). Root fomttion,a.,
bov.v.r, 3u!pr.s.ed vltt ttgh€r concertrations of tir.tin
(Z.O-0,0 .s/1) in p.Ldrt.ras ,,!.,!u (xaray.n., 196!).
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In tie presort vor&, cytokinin (BAP) and IiuA uled it
corbtmtton.t love! conc.ntr.tioD (0.1 ns/r) 8nd xLA tlon. at
lith.r con.ertr.tion (0.8 rell) r.r. fomd equllly good both

for root follation i! callus cultur. aad for .u1tu!. of
<ltffolerttated roots. Tho !.sults obtained ,tt[ cqual concen-

tratlons of auxin 4nd cytoklrtn v.!i6d fron tliose of sloos .nd

Mlller (19s7), rho repolt€d th.t higher r€lative con..nt tions
or dutn to ltnetin plorotod root grovth in tobrcco colllr.

In the pr€sont 3t!dt6s hisher conc.nt!5tions of
N^A utcd !lor. (0.s-0.3 ng/r) o! r lov concentrltion (0.1 ry/r),
conbln.tl NitIl cqual dose of lAP, v€re foinil equ.lly .af.ctlv.
for culture of differentlqt.d root.. fh.se lesults, in part,
suplort.d the findinss of Mttr. (19631, who obtain.d l.t.rat3
fom.tton in cxcised roots aJ R. o.,peatnna at opttial concen-

trattor o! 0.3 ry/l NAA. Althousn ne report.it th.! cytolinln
[xn) .t 0.00r-0.01 trrll conc.nlfatlons *.s d€l€t€riou! to root

C. rrr tltra Plopagttion

tr Ditro propag.tiotr of i. .elp€rttra is Polstb1e
.lih.r by loot inductior in cultured shoot-tips or by fo!n6"

tton of plrntlets through bud dlffereltiation in c.ltqs cultures.
th. .fforts for erbryogen.sl, h cell curtrr€s so far h.a. lot
bccn successlul.



Th€ buds cultut.d on S r.diu. contairing €ithcr

0.5 iE/r h alone d! 1.0 la/l NAA.nd rO.0 nr/l BAP, s"tleit

st tn€ base lrobally due to lnlelnat lroliferatioDs' ?no!'

huds aid not ploduce loots.lth.! on l'{s tredirn or on auxin'

toss liquia Rc nediun. The rootlng t€chntque of 6!pta

.t dt. (1930) reportod fo! woody plut sp.ci€s (e.C ?.6to^a

s!4^a1.t 4id not sork f.vourtbly for l. s,lP,ztdta cultur.it

buds. TIF cultule ot buils tn auxt!1633 neiliu flvour6d rul_

tiple buds productio.. The MltlPle bud-fomation t.s !l3o

.cnier;d on thite'a..dtur con!.tni4 1.0 na/l ral ..d
ro.o !g/1 BAP. Tt6 looti4 of th... blds f,r3 tchiev.d o!

ihlt6's redi@ rith or Nithout 0.0 !g/1 N A. Th. p.rconug.

of lootirg ras very 1o* rhlch occurrad on17 after ctrltltina

these budt for a long !erlod ot l0 v..ks. The results agt;e

in part vith Mitrs (1976b), tbo obtaln.d nultiple buds tn

cultured spical shoots of .1. ..rp.^ti^a' ot nediun contaitritg

1 0 n8/1 Nl-A anrl 0.3 nsll B,{P. Th13 n€thod of vegetativ'

propagation ,as un;uc..53fu1 b.c!!s. of slot rooting of buds

.nd l.ct ol shoot forDatlon by root€d buds.

The bld iliffer.nti.tton in

,oody plart s!.cies ilo.3 not oc.ut so

rnd 1979). the naiotlty of r.port3 on

rhorefore, net vitni! h.rbacco!! pl.nt

crllus cultures of

relaily (Thotpe' 1977

bud !.generation ar.,
species or i. crop plant!.

In the pt.sent .tudt63' the lud regeDeration dtd

occur in sten catlus. Th.se t.3ults agiee Nith tl€b16 6'd
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chadha (1973) uho reported norphosenetic potential in

a.^iAasnrs iadacG ste! callus and none in root carlus

cu1ture3, Thc shoot iliff€r€ntlation in root cultutes and

rorpiogenctic lotential in leaf cultur.s of P 83!P.ntina

v€r€ not obs€rved in the pr€s€nt Norl. The results dlffer
fron rritra and chatlrvedi (1970) vho obtain€d shoot differen-

tiation in lea{ callus of R. ..rP.ntlrd. tl\e reasons for not

obt.inine diffe.entiation, nay be the highea concentration of

2,4-D (6.0 ns/l) in Afl nediun. The leaf ca1lus curture in

the prcs€nt rork required A rediln for theit Yigorous 8ro{th.
Three cytokinins in tn. tot.l con€entration of 4.4 ngl1 coulil

not rev€rt tne sus?ected inhibitory €ffect of 2,4-D. Furiher-

nore, the loot ce1ls in suspension n€diun viti rosser concent-

ration of 2,4-D (1.0 ns/1) o! the sten ca11us

conccntr.tion of ABA [0.01) shov€d no shoot diff€rentiation.
strbo (1e6e) arso qot siri!.r rcs!1ts and sussestcd thrt .t
highci conccntration, 2,4-D nd, adverscly affect norphoScnesis.

But such i sussestion n.y not 6c tenable because gosoda .nd

Yatazrra (1e79) did not obtdin shoot reserei.tion cven at lov

cotrcenirdtions (0.1 ppm) ol 2,4'D in saLaad Lacinaattn

cuLtures. The iesults in th€se investigation, holever, differ
fron those of valious otn.! worters vho obtained slroot

.egenerdtion 'itn 2,4-Di at various conceatratiors (0.r-100 n3/r)

rhen conbin€d with differcnt cytokinins stcn as rith S.0 nr/1

^d.ni^e 
in rlLopho'a tdira cultlres (Rao et dr., 1970) i ziP
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(isop.n!yl. adenin.) 3 ng/l in Pto.ttt Aadtstif.nalTit..t.r,
rgSr).nd 0.5 rsll *inettn Ln s4.otdrd atti,it.flt, (N.r3van'

rnd Stnivasln, 197r). It tnc c.11u! curtur€s of xedJ.ur,

.4ttoa (Sa!nd€!s atd Bingistr' 1975), tne frequencv oJ bud

fornatton w.s directry ptopoltlon.l to th€ 2'4'D

tn the rong€ of 2.3-s4/M.

Durins the pres.nt m.k, th€ sioot r€g.n.r.tlon in

3t€n c.llus cultur€s vls obt.trcd o. nodifiea xbiterr (Rc)

.€itiur vhi.h t:ts .rso 5uit.bl. fot lurther develop!.nt of

!1.Dt1.t!. Th. results v.rt6<l lro. crop plants a3 su8.rcane

(H.inz.a at.r 1969)' corn (Gr..n.!d Philrits' 1975)' ort

(Cunrinss.i dt., 1976)r lorShun (Ginborg 3t a/.' 1977) vh.r€

th. ha3tc n€diun tot Ia tn*o norphosenetic studies Prorloht:

n.nrly vas MS.

cslLl of Ltaop.,.4ooi.r.,ratt@ (Hemsn end l't3,
1970), ,htclt h.d undetlor€ otr. or r6peated sulcultur€s rithout

shoot fooatio, could lot b. tndlc.il to forn shoots. In cort_

r.st, durtne the present inve.tiitttons, th. st€! ctuus of

R, ..!P.ntav legenelatcd lhoot buits onlv afrer a srbcultur'

!.rtod ol 20 {eets. Th€ !.5u1t3 Bgree sitn Bajaj .t 4L. 11973)

vfio oblaineA shoot r€s€tr€r.tlon in ca1lus cultures of sttaPt'

aLbd) ZO to zs veexs aft.r ftrrt 3ubcultur€i 52 {.cts tn

cdtha,enthts r,r.!s (Aboun{.ndolr .t dt. 1979) and 2 v.at3

In Poptl,. ttenlIoi.t.. (Yrinton, 19?0).
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orgaDic suppl.ront !! CH, 500 'slr or YE, 200 n3l1

in tne pr.seace of 10t Cl, r.r. fourd €ssertid for shoot

iogoleratton i^ R. ..rp.^tina c.lIus cult!r6. (Mitia .nil

chgturvedi 19701 ard .lso by 100 n1/1 cM in tne present vork.

N^A at 0.3 n8/1 tnduc.d 3loot regeneration in 3t.n

ca1lus of ,P. se'p.^ti4d, The Feqlt3 !!ree in psrt wtth

Plllai End Hildebrandt (r960b) rnd Raj Ehan3ari .t 4x. (rgrar,
rho found n^A at 0.1 rtl1 rnit 0.2s rBl1 b.5t for shoot

r.g.Eratioa i^ P.lattonlg toreoru ,na ctotoTdtia b\thl-a

!cspectivery.

For sioot rcg.!.t.tlon in n. 6.rP3"tta, the

culiurina of ca11n3 or t[. 3.r. b.tlta co'nposition includiDl

r€gulators r.s necessary for e cortaitr ?€riod [20 weeks at

leasr). rhe result3 r8r€e rith Abou-Mstrdour et at, (19?g),

{ho cultured cdtha,anthuo ror.r, call!3 tn a sinilar td)'

prograMed lo! SZ x..ls for shoot r.g.n.ration

The st€. c.llu3 ot t. ..rperai^a, which re8.ner.t.d

buds, ras heterosenou! in t.rtur., b.ing fri,hr€ 't the

periphery and top bui coip.ct rnd htrd at the bas. tnd core.

shoot reeeleration in R, ..rp.rrlna fton the b!s.r lart of

inoculated calhs pi.c. sB sinir.r to obsefl.tions report€.t

by Ross et dr. (1971) for tob.cco .!uu3.

P1.nt1et5 tn R. ..rp.nrlna cultur.s also d6v.1o!.d



root3 on thc nedi! lhich scncrat.d th. shoots. The plantrots

{ere subsequertly trensf€tr€d to nediun Nith hiSh cvtokinin

(3AP, 10 ns/l) for fulti€! dev€lopftnt A najor problen tiith

the dev€lopnent of plantlets vas tne fornstion of callus oa

tnei! roots. The roots forning callus c.ased its tuinal

developncnt vhich vts otnervis€ necessarv f'r transrer

of !1antlets to soil, It the c.llused toots xer€ sepaaated

fron the plantl€ts and th.s. pl.ntlets f€le rooted bv Dsing

IA,{ and 18 (Gupta 3t al., 1930)' tte induccd roots Yere

again fonnil heavill covcred rith .ei carrus.

As suggetted by Morel (1964), 6A3 (0'0001 nglr or

0,001 ns/I) used in tie redtur to checL ibe carrnsins or

effectiv€. Furthet higher doses of cA3 {eie.

avoided as at 10 nr/f it vas found strorgrv inhibitin8 shoot

folnation in toblcco 6nd instcld cnhanced callus erowth (r'iura_

shige, r964). For trdnsfer of pldttlets to soil' their root

devero!rent was achieved in durinlcss liquid lrhiteis tudiur'

The leal shcdding of ficl{l groving plants uas conplete

!t the tine of transfe! ot reg€nerated llantlets to soil in

octob.r; it ,as thc nain rcason that the plsntr.ts wers

potted €rd lept at 23oC in iDclbato!. As the incubator conditions

differ in frany lesp€ct5 (e.8. day and nisht t.iperature;

luxination intetsitl; seasonll vatiatiors and so o!) fion

the conditions under ,htch the pllrt Srer in nature'

therefore, tne 51o{ gloith ,as etpected. The vaiious nutri€nt
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.olutiors t.it.d, w€re fron stille ta! tster to ENS

solution, no<tifications of nBcro'and nicro-3'1t3 of, flhite's

(Rc) nediutr! t.tNMted at hllf 3trength xnoPt! solutto! aitn

Be-th.lot's solutior for Dicto-.1.iorts. Th' ?r6f'r'!co bv

plantlet! for . sir9le nutriert .olution Dt pattly b6 itue

to th€ir abirity to tranufactut. their on lood bv Photosvnthests'

Plnntr;t's rcquttomnt tor lisnt n'c'lslEt€d use of

a smtl .ourc. of tunsst.n (1oo - 200 v) .long'ith fluolescent

ilrunin.tion. llot te! vith hiSn lunsst€n ilrmin'ttotr (300 r)'
thc reare. verc injurcd, rhicl lrtcr or acquirod hc'lthv

sppear.nce t l arcen colour etcn the tunasten llght tls rcDved'
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SU}N{ARY

For clllus fornatio!, the rc'f oxplants ol

R. .ery.nti^ar obtlined botn fton ficrd groring plants and

fron thc .scPtic sccdlinas terc cultuled vitn 2'1_D and NM

in vaiious conbinstion3. Copious callus foinatton {as

obuined on explants taken lro! nseptic s'edlirss vtrh

r nslr z,a-D ud 1 rr/1 NAA conbired ritll 10 ng/1 l(lr on

MS @diun. Leaf callus fron aseptic seedlings Srev favour-

ablt on AM Ediun vith its stanilard concentration of giowth

rcsul!tofs and 1o0o 4/l cas.in hvdioLvr'tc (c}t)'

'rhe highest iacldence of callus fornation occurlea

*iti'it*.' "*"t*u Iron f!.ld eronins plants vith 1 nElr

2,4-D and I ry/r NAA adited singlv to lls nedllB' cultutcs of

sten csllus sho{ed coDious ero{th tith o s ng/1 NAA lsed sith

100 n1/1 coconut milL (cM), 10 ns/1 biotin and 290 n!/1 soitiun

dieth/ldithiocatbanate (sDDcl or {ith o l ntlr NAA and 0 1 nsll

BIP conbincd.nd trscd uithort or {itn 100 n1/1 Ot on RC neitiun'

Root explants obtsined fion field elovine plants'

.scpti€ sccdling. arl ia 'it"o 
dilferenti'ted

lith vatious conbindtions of z'4-D' NAA' xn anit lAP E4l'nis

tak€n fron seedring roots and those fron i' tn*a dilferentiatcd

root, curtur€d with 1ng/1 2'4_D' 100 f,l/r cM ala 01ns/r

NAI €onhincn YitI o r ll!]/l BIP' both lithotrt and riih 100 nr/r

Cll satc the b.st Yesponse for root cal1us fonation Calrus



fron as.ptic a.€dling roots, .3 tell .. fron in 
"t!o 

differen-

tiated roots' gier cqualrv sood {itn 1000 ng/r Cg lnd vith

stardatd concentiation of crovtlt legulators on Altl n€diun and

o,r nel1 NA^ conbined tith 0.1 ngll BAP and 100 d/l ol on

Root di{ferentiation in st€n ctrlls occurred rith

0,1 r4/1 { A and 0.1 ng/l BAP conhineil 'neD 
Dsed slth ot rith-

out lOO m1/1 CM, €qua1lv on RC 6nil MS nedi' Percentage of

l.teral loots fornation vas 110.86 for tn 
',ltro 

dev'1oped roots'

curttred vith 0.1 tre/l NAA conbined {itn 01ng/1 BAP ard

1oo n1/1 CM on Rc n€dlun. The loot dilfer€ntiation ir root

c.11ns yas achieved with I 4/l 2'4_D i' the ?les€nc€ of 100 n1/1

Buds fr;n field groring plants xhen cultuled fornod

roots and lnter on daverop'd shoots' Root f6rnation and sioot

dcvclopDnt in thc buds Yas achicvcd on surinless RC neitiun

.ltcr 24 hours trc.tncnt vith 3 rg/1 II  dnd rB]\ coch RootlnS

.nd sboot dcvcloptcnt xls obscrvcd as uns/'chroniz'd process

Shoot differenti'tion in tt€n callus {ts achie!€d

rith 0,4 is/l NAA, lOO d/r c , 10 ncll bidtin and 250 n*/1

SDDC in RC nediln. The differentiated buds gre{ into srroots

dnd dcvclotcd roots on tn€ sana ncdirn in 4 seeks The tlsnt-

lets gre{ vell {itn o s ngll aA' 2 n&/1 BAP' 10 ngll biotin
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.!d 1,0 r1/1 ENs g.xtr. nttloa.n |ouF.l. li. ca1lq. for!._

tton on P1.nt16t'! root. urt not tdi6tt..l nlt6 0.0001 to

o.0r t/l G J-

tAe Phntt.t. on tr!n.te! to .oll t'iPond'd rcU

r!6n r.t.r!d lith h.lt ttr.4th rnot's $rltion 3lPPlsnteil

vith 5 .troPt/litr. o! !.rtn.!otr! tolutto!' Tnt Pldrl'tt
rcquird .D!&ttrtbtt l!!o tur tuuinrtlon (100 I fluor'*ent +

200 * tunr!!.n) fot 16 hourR ctll.di 28"C:1 le4oratur' 'n't
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