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MOLARITY CONCENTRATIONSOF PLANT GROWTH REGULATORSUSED

NAME Moljwt. MdiO* 0.1 0.2 a3 0.4 05 0.6 0.7 0.8 0.9 10 2.0 5.0 10. 20.0
2iP 20325 M 0.49 0.98 148 1.97 246 2.95 344 3.94 4.43 492 984 2460 4920 9840
BAP 22526 M 0.44 0.89 133 178 222 2.66 311 355 4.00 4.44 888 2220 4439 8879

KN 21522 M 0.46 0.93 1.39 1.86 2.32 279 325 3.72 4.18 4.65 929 2323 4646 9293
z 21925 M 0.46 091 1.37 1.82 2.28 274 3.19 365 410 4.56 912 2281 4561 9122
TDZ 22020 M 0.45 091 136 182 227 2.72 318 3.63 4.09 454 908 2271 4541 90.83
NAA 18621 M 0.54 107 161 215 2.69 322 3.76 4.30 4.83 537 1074 2685 5370 10741

IAA 17520 M 057 114 171 2.28 2.85 342 4.00 457 5.14 571 1142 2854 57.08 11416
2,4D 221.04 M 0.45 090 136 181 2.26 271 317 3.62 4.07 452 905 2262 4524 9048

2,45T 25549 M 0.39 078 117 157 1.96 235 274 313 352 391 783 1957 3914 7828

PIC 24146 M 0.41 083 124 1.66 207 248 2.90 331 3.73 414 828 2071 4141 8283
DICAMBA 22100 iM 0.45 0.90 136 181 2.26 271 317 3.62 4.07 452 905 2262 4525 90.50
IBA 20324 M 0.49 0.98 148 1.97 2.46 295 344 394 443 492 984 2460 4920 9841
GA3 346.40 M 0.29 0.58 0.87 115 144 1.73 2.02 231 2.60 289 577 1443 2887 57.74
ABA 26432 M 0.38 076 113 151 1.89 227 2.65 3.03 3.40 378 757 1892 3783 7567







ABSTRACT



Trees ae comdex bidogcd senms in tarsdves ad tey ae pat o an e
moe amdex sdam — the foed eog/tam As tress gow ad rgrodug they  inteadt
in may was wt ahg bdoged sdars ad with te eviromet The impatace o
ftess in menanny or esdem ad tar inpotace in te wald exoory, ned o
enpess The gdd dered fo wood poduds ad wood &8 suce o e|ay ad raw
megid for vaios inddries ae inoessng with the axat in wald  popdaion With
inderidizgion o te dedopng oouties like Indg te mAud  foets  ae
dspeing rgody. To ineee the foet ocove nmga dfats ae dretad  towads
dfoeddion o te doudd ad baren ladks commoly ko & weddaxds The rde
d baosddogy ad tse adtre lies in ghadng the podudion o spaiar  pating
megid. Tree hosdhndogy hes ©© be an inegd pat d an ovadl faet gedics ad
treetreing pogan Oe o te mot impotat tings tet baeddogy cn dofa is
to aut te log paioks reured for tee inposemat wng oconvetiod tedndoy. The
tress tus gown trough agaizad pogan will nat oy gypot the ecosdem but do
svessthesourced raw metaid for indUdiesand renenvedleresource o enargy.

Legmnos tee ges ae wdl kown for tar uilty o maknd They ae o
$d ineet de t© tear eoomc ad edogeE inpatae Thee tes  ae
patocdaly coddeed in dfoeddtion ad sl @odon cord  pogans dee to  thar
&hlity tofix amogoheric nitrogen

Snvg o edding liteare reveds tet dthough resach in tee tisse  adtue
wes intded e, reach in the aea o tee lggumes dated aly wo decads ap
Kepng in viev te reddrat rdue o the legumnos tree pades dackdzdion o
paocds for in o vitro  mophogeess remdns a ddlegng  propostion In addtion o the
avataes deel  with  oconvetiod  veddive  popeggion in vitro adtue hes a
number o amodaed paetid ad red  gplicios et ae wiqe  Thee  induce
pdodeg  adtre ad fudon for geedion o <odic hylrids In vitro syesimg,
ggadon o uwEdu  somedod  vaials geedion o atfidd  ssely ad lagtam
doae o gandaan wng ayguemvaion  Andly, in vitro  adtue amaty povidss
te aly roue far geadion o gadicdy egnesed gaoyps o foet tess Ths
muh diots ae nesded bdfae a modd gdan is redizad for the  dilizion o te
vaios haehdogcd gpooedes o dam fo gadic impoveret o leuminos  tee
Pades With this bedgoud, the pest dudy wes coduded in temaind  (Tamarindus
indica L) to dadadz tse aituve sdars for miagorogpegion ad  in vitro
mophogeness which  fdl i tree broed cegoies  adlay doa (o bud)
multiplicaion, argenoganesis and someticembryoganesis

Tavaid (Tamarindus indica L), a tee legmg is a mutipupose  monaypic
ggEa It is rdive o trgod Affica ad goas widdy in Souh Bt Ada ad Inda
Apat from bang ecoomicdly inpotat, dee o its hady reue ad wide adfptlity to
vaiols eayodimgic ocodtions it is a gitde caddte for dfoeddion ad ol
redameionfohytoramediaion progans

Vay lite wok hes ben doe on in vito rgggadion ad dod popeion o

taraind Thus thee is a soe to dedop rdidde praoods for in vitro regeadion o

taneind ad dudy te besc poosss invdved in mophogeess The presat dudy an
temaind wesinitisted with thefdloming doedives

1. Opimizaionof conditionsfor dondl propeggiion



2. Opimization of conditionsfar de novo maphogeness
3. Opimizaiondf coditiorsfar someticembryogeneds

Thethessisdvided into Sx dgptarsfdlomed by smmary ad lig of rdferenoes
CHAPTER 1 GENERAL INTRODUCTON

Ths degter covas the aurat daus o ressrch on in vito mophogeness in tree
lgpme ad tamaind in patada.  Influce o pat gomh regddos in in vitro
mophogenessand mathodsof miagargpeggion aedso disoussd

CHAPTER 2 MATERIALSAND METHODS

Commn negids ad mehoks indemetad duing te coue o tis wok ae
o=saibed in s dygte. Ths induds te soue o dasvae padiovae  daricds
dc, poosdre invdved in deing ad pgeadion o dasvae  peadion o medg
afae dailizsion o eqats hddoged mehods dc Maaids ad metods gadfic
toindviduel eqpaimant hevelbean dedt within repedivedgpias

CHAPTER 3 CLONAL FROPAGATION
Thisdepter desmibesthedand propegion o temaind part from
St tipad ootyledorary nodksof ssedling aigin
Thenod bud eqlantschizined fram meturetress

Paardgs duwded indue the dfed o vaios oatdios ad aovbrdios o
gomh regddos ad caboydaes The doos dianed wee sheded to roding
posdres Wy  dffeet axmns & vaios cooawdios ad  covbrgios  The  rooed
pates wae ftadarad to sl Raits o te epaimats codded on micoydting
o doasfar improved suvive insall aedsoindudad

CHAPTER4 DENOVOORGANOGENESS

Dedgmet o a hgly rmodudbde poaood for reggedion o doa buds
faom the mere zgdic anboyo adis o tamaind is det with in tis  dga.
Higdogcd dudes wee oodded to demodrae te de novo  aign  Thee
aatiios calogaic buks dffegtided o fom doas The doos wee rooed ad
paniesrecovered

CHAPTER S INDUCTION OF SOMATIC EMBRYOGENESS

Ths dgta deaibes the eqaimats ocodaed for  inddion o sordic
arbryogeeds  from  immere zygoic evbhyes Hfed o vaios gomth  regdaos ad
abohyddes a dffeat ocooatrdios wee teded Sz dpadet regpoee in the
egats ifllexe o adtve vesds ad dffeet  adtve codios wee  duded
Soeic eroyss wee o from te immeue  zgoic evbyo axes Hovew  tre
cevdopmat o the <omdic arbyos wee redided to the bpda ad  coyledomay
de Regead dlamps o dffeetide te arbryos  remdmnad usioessu. The



eqpaimat wes etared to te immeue erbyos aledted from five tess o ted the
possbe ifluee o te gaaype on sondic ervinyo dffeatidion Mapdoy o te
smeic aryo ad ter aign wee duded wng hddoged meas Soreic  aryos
pdifgaed on  gsbodtre Bmoyogeic repoe wes vay dov ad & a vay low
frequancy. Repedted diempisto convat the sometic amiryosto planteisremainad futile

CGHAPTER 6 MORFHOGENETIC RESFONE IN  SHLINGS  GERMINATED
INFRESENCEOF THDIAZURON

N-Fhey-N” 1,23thidiazo-5,1 uea  (Thdawron), a  gnhdic  ojtokinin
aigrdly dexribed & a dddiat for Gossypium hirsutum L. is now idatified & a
hgly poat otddnn for inddion o nmophogeess in woody pat gedes Sudes
iduded in ths dgte dow te Thdaaron wes dfedive in indudng vaidion duing
gmirdion o sak It tiggged mophogeeic ativity in e ooyledomey nocH
sgrat Hdgdoged dudes codoed wng te ol sgmet with te  nmophoganic
budscofimstra theregenaraionisviaarganogaess

SIMMARY

This pat o the theis smmaizs te men fidngs o te wok codited on tamaind
ise adtwe The ifomdion geedad from te dudes induded in ths theds is
eouggng ad will fid ggicion in inpoamat o tareind te via avaod
hioehndagcd goproedes
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1.1 INTRODUCTION

Trees ae comdex bdogcd sdars in temsdves ad tey ae pat o an en
moe amdex sdam — the foed eoogtam As tress gow ad rgrodug they  inteat
in may was with dohe hdoged sgems ad with te evromet The impotace o
tess in mananng o eosgdan ad ter inpotace in te wold emomamy, nesd o
enpess The gdd deved fo wood poduds ad wood &8 sue o eayy ad raw
megid far vaios indenes ae inoemng with te aat in wold popddion With
inderidizeion o te dedging oouties ke Inda te reud  foeds  ae
dsgpsing rgpdy. To e te foet cove nmgar dfats ae dreded tonvads
dfoedtion of te dewddd ad baren lads commoly ko & weddads The rde
d baedrdogy ad tise adtre lies in ahadng the podudion o spaiacr  pating
megid. Tree bidedrdogy hes 0 be an inegd pat  an oved foet gaeics ad
treelredg pogan Oe d te mod inpotat thngs tet biosddoyy cn dfa is
to aut the log paioks reured for tee imposemat wng covetiod tedndoy. The
tress tus gown throuh ogenizad pogam wil i aly sppot the exgdem bt do
sveassthesourced rav meaid far indugiesand renenvederesource o enargy

Legmimos tee gades ae wdl kown far tar dility to maknd They ae o
$od ineet de to tar eoomc ad edogd impotae  Thee tes  ae
paticdaly ocosdeed in dfoeddion ad <l godon cowrd pogamss de o tar
aality tofix amogphaic niragen

Svey o edding litgare reeds tet dihough resach in tee tse  adiure
wes intiged edlie, reeach in e aea o tee legumes dated aly wo deaks ap
Kepng in viev te reddrat rdue o the legumnos tree ades davkdzdion o
pratocds  for i vitro mophogeness remdrs a ddlegng  popostion In addtion o the
avataes deed with oconvatiod veddive  popegdion,  in vitro adtue hes a
numbe o asdded poetid ad redl gyicdios te ae wuiqe (Oen et.al,1997).
Thee induk poodet adtre ad fudon for geedion of somelic hylrids in vitro
sreging ggedion o wEUd  medod  vaiats geedion o atfidd  sxks  ad
logtem doee o ganpan Wy aygresmvaion  Frdly, in vitro  adtue  amatly
poids te aly roue for gaadion o geicy egnesed gadyps o foet tres



Ths muh dfats ae nekd bdoe a modd gdam is redizad for the ullizion o the
vaios hoehrdaged gpoedess t©© am fao gadic imposemet o leguminos e
paies Aocdeded tee pogars corbnng te mog gphidicaed  tedtiod ad
mdeda-tresdny  tdrniges dag with te dfidat ad inepasve lagesde
dod poggtion o gpaicr does ae key damets far te oo redodion ad
meregaTat o fuurecommedd foreds

Curatly, mod tesinpoemat poyars ae bed on te masgpmet o
oggdic reoucss  indudng te Hedion o gpaicr does  fran edding foreds
comavdion o gaeic  vaidility, patdly ocotdled popeggion ad  desicd  bresding
foo dered tats eéc Although ndeda bredng is radine in egiadtue ad numeas
girhodeh omaies ae poldg may rew gedicdy egnesad  fidd  ags
vgadles ad omametd pats tee s hae ben ldt fa behind  Aat-
tradometion  tednigees ad gee iddin ad deadeizion ae o logy  wmios
ddedes Tree gaies dodd be a nmgo tagg fa gadic egresing ad ndeda
bresdinginthe21™ cartury (Tfiraet al 1999).

111 Limitationsof treebresding

In cotad to aha aggoomc ad hotodtud pedes te log gredion tme
o tee e hes ben te man deade to tadtiod hexdng In pedice sgificat
poyes in te bedng o may tee gades is limted becae o te log lag tme
bawen s gamirdion ad floveig Mot o te rdeat tee tats cn be asesd
aly when te tee reedes meuity. Limited kodede o te gedic mgs o Mot tes
is yg& axdhe limtdion Thee is a lak o gaes for hybridzaion ad eqeson o new
taty whdh ae kowm marly fo mod phedyps ad tdeace for hdic ad addic
dres  Moeova, the idatificion o gitdde paets ad te tednicd  dffiadies
invdved in ther cotdled meing ae te limitios o tee bexing Ben  thogh
svad gpaic hiid tes with eaodeasd gomh deed fom ad  eviometd
aggios hae ben didned  trouwh  dasd  bedng ter mAMeEe s
pddeveic bease o te hgh heeogygesty o tess (Which ae manly popegeted by
sl Frdly, the dz2 o tes ad the ae reqirad for fidd tids cete ocosdadde
dfficutiesin assessng ther pafamence
112 Progpedsfor tresbresding



The pagtid o boehdoy fo owoomng may o  thee limidios  for
adeaaingtresbreading prograrscan beredlizel & sevard levds
dord propegetion of upariar genalypesusing tissue-adture tecniques
smdical  tednges ch s odic  hyidzaion ad  eqatgion o
medord vaigios
used inooed mutsians
mdeda breding 0 copemat dasicd bedng (e o meke-esgad
SHedtion)
diret and rgpd introdudion of pedfic tratsviagenetic eginesing

In the recat ped tedrdogcd avaos hae opaad wp new vides for aedion
o oaeic vaidlity ad sHetion o dedred tats The adlity to reggade whde pats
fom oeted o oeeicy dteed odls o tsmes is te kg o te bod
baedndogcd  patetid o pat ol adtues In te led two deadss  Sgnificat
avaos e ben mek in regpeding pats fran  dffeet eqats o nEue tee
ades

1.2 MICROPROPAGATION OF TREE SPECIES

Micgoopegion is the oy apad o pat tse altue whch hes ben modt
caonvindrgy  doaumeted  with regad o is fesshiity fo conmadd  gdicion, ad
asety it hes ben edasvdy ual fo rggd ad lage-sde popegdion o a
rumby o pat geies The eoomcd ad edogd impotace o leguminos foet
ttess neesitaes the gplicion o ths tedniqe for ther dod  mutigicion  (Tore
ad Gpg 1983 Duing te pd fev yeas a numbe d woody legumess hae ben
suooessfully propeggted i 0 Vitro usngjuvenileaswel ssmetureplant parts

Aat tse adtue is a0 estid compoet o pat baedndogy. Apat  from
mes mitigicsion o dite paits it do povids te meas to mutpy ad regeaae
dite pats from oedicdy egreeed s Thee die pdats mey be dosd udk
aic oodtos Mioogogeeggion hes ben wed  for dod mufigicion o odhids
ad oramatds on a conmeadd sde for te lad B yeas bu vay litle wok hes ben
doe in ths dfed in foet tess The aly padicde mehod for ther propegdion hes
ben troh sxk whd is mt faodde fa hgh poddiviy de to gaeic



heerogeaty. By the tme the tree hes ben evdueted for dedrdble tats it peses the
jwaile dee ad loes the aility to root In ach caes tsse adte is the mod
vduiele ad fo doing Hedsd tees S fa es in e magogoedion o dite
ttess hes ben lagdy reticed to thoe gpades tet root readly in-vitro. The in-vitro
popection o difficdt ©o root gedes del many with evbyod o youg  ssding
megid. Coddadde poyes hes ben mee oe te lad wo deads on te
dedopmat o tise adtre mehoddoges for tess ad thar posbe gpicion o
foredry.

121 Advantagesdf Miaroprgpagetion
Micopropecgion o foet ttess hes sved avalags o te  convetiad

prapegeion methods Theseadvantegesae -

Rgd mutipicion o ay new hyidgaeicdlly egnesed tesSHedad  vaidy

thet aisssasasngeplart (for fieldteting and commaradizetion).

Veedive popeggion o dfficdttopropeeten s (poor s, less s

vidhlity efc).

Rrapegetionaf donesdl roundtheyesr.

Lagernumbe o patscanbeprodoedinasrel soece

Physcd and dhemicd eviromant fadorscan begredtly aonrdlled

Rodion o gadicly uwuifom dats in lage nube for lagesde pating in

s ordherdsto fedlitete produdion of suparior quelity seeds

Himirgion of virusssfrom theinfedied gock uisng meisemature

Posshilitiesof rguvendion of meturetisses

122 Variausagppraachesfar Miargprgpagation
The mahods tet ae avdldde for propegdion of pats in vito esaidly  fdlow
threepethweys(Georgeand Sharrington, 1984).
1 Mutiplicationof shoaisfram exising meisiams - axillary buddshoct tips
2 Dired rmophoggess fron pgat agas () ogeogeess  ad (i) somHic
arbryogness
3 Indret mophogenesis: (1) orgenoganesisand (i) sometic embryoganesis
1 Multiplication of hoatsfram exging merigems - axillary budd shoat tips



In tis mahod dedopmat  ad  mutipicion o  te goning  meidam s
aheed A lage nnmbe o dods ae polod from thee adires ad roos ae
idboed  a@the in vitro o extra vitrum duing hoticdtre  edsdidmat Qadly
popegeted plats edre the e to paat type daadgidcs ad ae thedoe usad for
mess popggtion o idatified ditss Ths gpoach is te mod eqdated oe eg
mevwood (Regaa Shvary et al, 1999, Bauhinia variegata ad Parkinsonia aculeata
Mahr ad Mukuthekumer, 1999), Acacia catechu (Kar et al,1998), Acacia mearndi
(Bek et al,, 1998a; b, Bauhnia vahlii (Dher and Upreti, 1999), pidachio (Onay, 2000).

2 Diredt marphogenessfram argens

In tis mdahod abvatiios buddng o doas o dedgmat o erbyos ae
idbced on gem roas leaves hub sdes ad dhe agas o pat Advatiioss shoos
a hgh radess e be indbod from exdsd pat pats in may gades in adtres This
gpoech o de novo dret agaogeess hes ben wad in Rosypis dreaia Keaka e
al, 199, Albizzia. falcataria (Srha ad Mdiid, 1998), Sesbania grandiflora (Derez et
al, 1994), Albizzia procera (Kure et al, 1998, Dired <oveic evbryogaess hes ben
repoted in Dalbergia latifolia (Reo ad Laddhm Sig 1996, Hardwickia binata (Cad
ad Sdgh 200) e Ths posdre do iives dags touh te mode o
reggeadion is dffeet The mahod redeved by Thope ad Pad (1984 indves the
induidion o locdised  maidemeic  adivity by tesmet with phytdhomones This  leecs
totheindudion of apimadumad evaiely fometiond® oot

In te avatios sdem ay pat o the pat cn be usad & an intid eqat
The mot frepety wd eq@ats te leed 0 sl regggadion for bah
agopam ad ornfes hae ben te sad o pats o sding Thee indukss te
otyledos  hypoooyl, eiatyl ad erbyoic ais The doat bubk inteed on the
eqlansaedongetad ad exasad for rodting es desibed eatie.

Athowch ths mahod o popegion hes a get poatid for mutipliction  but
thee ae aatan limtaios o The man pupoe o dod popegdion is to ddan tue
toype gadic opes Hower, the alvalos buk dffeatde from te
meidemdic tsse whee te gadic aodiion mey nat be mdndned Thadae the
gendic sahlity of thereganerantsisnat assured



The ahe pddem is tet in the advatios s/dam regres a ae time  indudion
fraom te aigrd eq@at megid ad mey Mt ke gede o podudng mutige  doas
(Durdon, 1986).

3 Indireat marphogeness

Ths mdhod o magoopagion  tednige is by imdred agaogeess o
anayogess in cdlis ad sgedon adtues Cdlis is podosd in vitro fam ay
pai drudue o pat uh & sak dars roos leaes doae agas o fruts (Sred,
1977, Thope 19Bl) ad is nendned fa log paios by repeted sbodtres  Cdl
agaE adte is intaed by paing a pee o fide dlils o homogmizd tisse
in a ligid medun ad agte on a rday deka & a patoda ped 0 e te ddls
dssodaefromeschathe.

Orgenogendic  regegadion from cdlus  invdves  sgate doat ad oot
indudion phee Ths process is dmila to the infiion o alvatioss shods on eqats
exogx tet intdly dus is didmed fraon te eqat bdae rgpadion via
maigenaod fomeion Trade o indboed doos to a rod indudion medum - conEning
axn reuts in a onpee pate fomdion Ths goroech is wsal in Bauhinia
purpurea (Kume, 199, Sesbania rostrata (Rdleyinechi ad Tefe, 19908, Ext
Inden Roswood (Radhen € al, 1998), Idddly pre (Tag et al, 1998, Acacia sinuata
(Varpesmnet al, 2000) ec.

Whle dtenping the cdils ogaogeess roue to  pate  podudion seved
fedos sodd be tken ino cosdadion () whehe the doat hes dffeetised from
te cdils o from the dffeatided tsse evdgad with a layg o cdlis o (i) the
regeedion sdem is rgpodudbe te is whaha the cdlis en rdan the  regaadion
poatd een dtg wved gsbodtves ad firdy (i) whehe te diusrepedas
doas ae gaoypcdy ideticd to te paet tse o te dov medod  vaidion
Ths is impotat beae in may s in whidh doat forrdion is induioed fram cdlus
ises darat pais ae dten podused The frepuay o suh aoarat types inoeeses
with te legh o tme tragh whidh te s is manEned in vitro  (Sdnin  1978).
Lakn ad Somdt (198) reogizd te ardh a vaidion odd be uwfu  for
impovemat o pats ad mgt be a vay vdudde suce for inrodudion o rew tats



The vaidion whdh oous in tsse adtwe ad in the reggeaed pats is dten
haitedle Thesevaidiosaena desrabefar dond propegaion

The dahe mahod o miagoopegetion IS by aseud  embryogeness from  cdlus
In ths nmehod somdic adls in adte gve i to smdEic arbhyos  Somatic
anbryogmneds  ofes  sved  ddind avaisgs ove agaogaess () e eryos
ae bipda, bexing bah doad ad rod maidars © te in ae 9 boh nmaiders
sy fo conpee pat dedogomet ae intieed (i) moe numbe o regeaats
in  erbyogaic  adue flds ompeed o e mutpe  dods  aigrding  via
agaoggeds ad (i) in agpasEon  adtres arbyos wdy dedop saady  fram
eh dha ad fleee fredy. As a reit thee ned @ be menely sgaaed befoe
tade 0 the red 9 for thar dedopmat ino pais Regeadion o foed tess via
sreic eviryogeess is ahied in vaios  gedes ggDogss fir B-Nig 1980,
Srciwood (Ladmi Sta et al, 19899, Nawey grue (Hkmen et al, 1985, suapire
Guta ad Duzm 1986), Ildddly pre (Guta ad Duzan, 1987), Eucalyptus citriodora
Mudidean ad Masaetes 1987), Acacia catechu (Rou et al, 19%), Acacia
nilotica (Gag et al., 1996), Dalbergia sissoo (Das et al, 1997), Acacia mangium (Xie
ad Hog 2001, éc Bven though doat adie is & peat te mot pomisng tod  for
ommadd  magropeion o may  foet tess tis tednige s o be galdly
rgdeced by sndic erbryogeess in fuue oe this pooss is fuly cotdldde ad
autonatad for vaiousgpedes(Hassg €et. al., 1987).

1.2.3 Advancament in micrgpr opaggation : artificd sssd techndaogy

Ahogh the impotace o miogoopecgion is well  reogisd, ad  te dodl
fidity hes ben devongraed  theedfte, in covetiod  veggdive  popegion of
dffeet tee gades (Hasig et al, 1987) ufoturedy, in vitro popegdion method hes
ogtanlimitations

It is ldourdintadve inoving siad in vitro 495 ad gald adimdizion o
thepantsfrom adturetubeto thegremn houseand thento thefidd.
Costsassoaeted with these dgsarevay high

For ssd popegeted aops the oo of tisse adtue popegdion wsng the presat
tedmiguesiseqasve



Wt is neesay is a hdgly medensd dred gestoe o fidd pating
gdam tet wodd edde podudion o 0 be conpadde to tet o sk Ths hes lexd
resades 0 te cnogis o gntdic sk Bas ad Sap 1982 Kikaien, 1989
The ida o somdic exgmddion to podue gnidic sak is pinaily bessd on the
dmilaity bawen someic ad zgaic arbyoss in may repeds axh & in mophdogy,
pysdogy ad bodemndry. Somdic erbyss possd  trowh  Smila dedopmatd
daps & in zgdic erbyogaess o fam boh o ad roa gicd  maidars
aormded by a conmon vesda sdan ad dleded to adyledon's ina nomd  fahion
(Rebtach e al., 19%). Nod ad beic iffomeion hes ben rmoted for  vaios
pats idudng scdwood (Bopt ad Reo 1988, dfdfa (Fuii et al, 1989 MdKede
ad BoMe, 199, cara (Mdle et al, 190), syue (Radats et a., 199 ad dcay
(Bnik et al, 1998, goudu (Pxhga et al19%), pdahio Oy et al, 19%),
magp(Araet al,1999).

1.3 MORPHOGENESIS

Oign ad dags in te gafic fom (dge dudue ad ogaizaion)
duing te dedgrmat o an agaign ad d sdh dags on ad in te agaian
itdf ae codled mophogeds It mey oo via ondic erbyopess (B o
oaoEEss The reddtet is a dudued  phyddogcdly ogaized  ad  ineyeed
dart. Thistopic hesbean revieved exdansvely (Thape 1983

The mga peoodios o a tswe fo mophogeess ae high poetid for
ol dvsn ad pooucd nopogeic platidy.  Usdly, meue o higly
dffeetided tise is mopogeeicdly dgemined which meas tet te s ae
fixed in a patoda dedopmetd pogan The acommimat o compdat odls for
mophogeess is dfeted by may fados e dredive inddion,  indudng  a
conpex  ingadion bawen gaoype te eqat (@d s dap o dedgmal)
medum  eéc Maphogeess is tiggeed wHly de conpdat dodls ae  subaditued
i a less onpgex medum dioning the eqreson o rewv devdogpomend  poeatid.
Thistriger isrefared to sspamissveindudion (Tharpe, 1983).

Al mopdaged  pocesss i which dnudures with e fom o reurd non-
aoomos agas ae fomed on te e@at (poodad, o, s ad tse



fagret, pat  frgret) ae  cled  agenogeedss  Ogaoggess en oo
dredy fran te eq@at witot an ineveing s pee o indredy trouh
ds pee It indves te fomdion o pimoda fdloved by dedogpmat o an
QU ViZ. |egf, hoats root efc.

Ealy <udes (Whitg 1933 Nobeout, 1989 Soog 194 Gared 1945
Tai 198 Soog ad T, 161 Boud, 161 Ledre 1990 Wiges 194
Nidd, 196 Mile et d, 196 Soog ad Mile 1%7 Muatige 1974 1977,
Thope 1980 wng a vady d egats ad numaos pat e dovad te
amefu  adue ad agrizd dedopmet codd ke ahieed by poddng  te
dailizd epat o altued tse an gpopide nuiet medum ad pope adtue
codios Fve dasss o compouds gaedly wsd in the niet meda o mod o
thegpdesae:

i. Inorganicmecoand miaonurnients
ii. Catohydaeasenagy source

iii. Vitamins

iv. Reduoed nitragen and

v. Frhytohomones

Pysdogcd fados ach & te fom o madun (igid o s=m oid, pH,
ligt, tevpgare ad humidty ae d impotat in te menpddion o  ageizd
dedgomat Thes muh o te wok doe in tise adire hes cooaned it with
giimzng tee omdtios to ahee aogn a arnyo fomdion O the yeas
etasve resach hes ben ocodited wng reud ad gnieic pdat  goamh
regdaas (FGRY ad by vaying the aldtre aodtios © indue  mophogadic
adivity.

Sne 1988 TDZ, a poat otddnn, hes ben rmpoted to indue  adventitioss
mophogeess in a nuthe o gedes epaddly woody  plats (Lu 1993 Huefamen
ad Pex 19083 A vaa amut d koMede greasd on TDZ-imod reposs in
awidevaigy o plat pedesiscompled by Murthy et dl. (1998).

131 Impaortancedf tisue aulture d tropica hardwoods
Sme o the impotat phydcd deadeidics of wood ae ddemined by the
tckess of te ol wdls ad te rddive sz ad pogoton o te vesds taddds



ad filbes Gmmogems ae kown & ‘siwoos becase ter wood  is composd
atrdy o taddds Angopens aondnng boh vesd ad  fiess ae  ‘hadwoods.
Ths dasficion hoveve doss M@ men tet d agopems hae ‘hade wood then
gnmogans Hades o wood is a rdledion o te dudnes o te indvidd ol
wellsand aher fadorsach estheamount o ligninthey contain

Tree pating in te topcs wes intidly for inoudrid puposss Howeve, its
impotance  far firewood, to redue sl ecson, o cotd wae nndf, o combet
desfficion ad to poide det ad dek hes do boome ko Thee s
dealy pant ot te ugat ned o dthe epadng te amet ae ude foeddion o
to impove te queity o foets by pating wifom gedicdly spaior vaidies with
higheryidds

Covetiod mahods o popegdion, for exarge by ating gdts eéc hae
thar limttios epeddly when tee is dmad fa lage rurbe o popegues
Quings from vaios hewy hadwoos hae nat rooed ingite o repested  expaimats
ude vaios gomh codtios wng a wide vaidy o roa indudion homoes The
e aitue mahod dofes an darde nmod poshilty ad te tdnge hes ben
uocessfully goplied tomeny of thetreegpedies

The poshiity o devdopng gadicdly impoved dr@ms o foet tress  in
patoda, tee legumes which ae githle for patdion in araty magrd o ab
magrd sSts ned eqaion Tree leums ae gedy uvbgegatd ingite o  the
weEat dmad (Rgwa Svary et allo®). The poetd eooric ad  edoycd
impotance o woody  legume gedes hes dredy ben emphedzd  (Trigao et al, 1999)
(Tadel1).



Table11 Paentid economicand exdajca impartancedt woody legumespedes
(Re: Trigano e dl., 1992)

Sl Improvemat Humencoraunpiion ar Utilization
nitrogenfixation - podsar sss arehigh sources o praian
eagon aontrd, wind breek - gursal
redametionof minng stes - sgoondary produdts petiddes
genmavue - anargtdvdle

Timber Livestok Ineredions
lumber, capartry - fodder orfaege
pulpfor peper produdion - “livingfences’ tolimit animd movaret
fud wood or deracd - dektoraletarpadures

Nueags
shecefor pedialty araps (adffes; tea coooe)

uppart for goediaty vineargps (vanilla, black peppe)

132Marphoganessintreelegumes

In the & two dxaks dgifiat avaos hae ben make in reEadig
pats from s ad eqais d lgumes Leumss edbt dvee reposs whn
adted in vitro. Dgeedng on wv/ad fados reggedion oous via  QUEOORESS
ada erhyopess ethe dredy o indretly. Mehoddoges ledng o the
dvadty o in vitro reposs ae rddivdy nev aoordidmat  Till 1992, thee
wee rmgots o reggedion fron & led A s from 5 gawa in te
lgminosse (Parat et al, 1999). With the exaogios o et Indan wdnu, Albizza
lebbeck (L) Beeh A. richardiana King, redud Cercis canadensis L. ad stive
pat, Mimosa pudica L, d rgots o reggredon wee ofind o the
Paplionadese thelegume atfamily of gestes exonamicimportance




Tre fird legumes rgpedad wee Crotalaria (Rarewd et al., 1977), doy
Mukhopedtyey ad Bhawen, 198) ad indgp Bhed ad Rahd 190). In tee
dats ogaogeess add be ioed from  vaios vegdive eqats Ohe  ealy
dgeps ahed regggedion fran legumes te fomed sndic erhyos dte a
cdlis pee Nadde in tis gop wes dfdfg Medicago sativa L. (Sundess ad
Brgem 1972 194 Bigen e al, 19/ ad red dovg, Trifolium pratense L.
(Rilips ad Cdins 19/, Bexh ad Smth 190). Sed inpotat  adieamats
led to te dedopmat o dfidet rgpedion sdens far lage sd leggumess et
hae mt regpaaad fraom s o de novo agaogeess sach @& e, Glycine
max (L) Mar (Parot et al, 199). Thee devdgomets catged on the sHedion o
goorige ggayps ad te ue o rddvdy high axin  cooatwdios  for
idudion o  somdic erbyogaess  fran immeire zygoic aroyess Ol advaoes
hae mited in snpe padods for erbryo nmeEudion ad coveson o pas
Agdicion o tee pinddes sval @& giddines for  eqpaimetd  gproedhes
leedingtoregeadion o ahe legumes

Thergoatsonthemaphogandic dudiesin reelegumes e anliged in Teble 1.2



Table1.2 Repartson themarphogendic gudiesin treelegumes

(1976101989
Plant oedes Bxplant Pahwey o Satus Reference
marphooaness
Acacia Seadling axillary Indirect Fandet Mittdl et al.,
auriculiformis | buds QUETHESS 198
A.Qme
Bath
Acaciakoa | Ssing Indirect Ratinsol Sdmen 1985
Gy soattip QRO ESS Sdmenad
Emloyogeness - Mapes 1976
A.nilotica (L) | Seeding Direct - Mathurand
Ddile dem QUAOgRESS Crarda 1983
Albizza Sading BEmbryads Ratle Gaydad
lebbeck L hypooatyl Maheshwati,
181
Hypooatyl, Calogess RAantet
roct, leaves
adtyledn
Anther Hadad Rantet Gaydet al,,
18a
Sxlig Incirect Ratle Upedhyayaad
roct, hypocatyl QUEOEESS Cradalass
Selig Indirect Aatinsl LddmmnRe
hypocotyl leef, | agenogeneds ad Del%7
gam
Seling Indirect Aatinsal Vageead
hypooatyl, Orgenoganesis Kaur, 1988
ootyledon,
rodt, leef radhis
A.richardiana | Sading OtaogEEss - Tarerad
Kirg hypoootyl G 1983
Indirect Rantet
ambryoosess
A amara Sading Diret Hatinsal Tarerad
Baivin hypoootyl OUEOOEEsS Gupia, 19550
Albizzia lucida -
Bath
A. richardiana Ratingil
King.
Alhagi Saling Diretad - Bred ad
camelorum aotylecon, lef, Indirect Redhid 1981
Fitch roat, dem QUEOEESS
Cassafistula | Saling Cdis - Bgg, 1989
Lim explats
Bdsd Seling Aatinol
MELIY fomeion




Table1.2 continued

Plant oedes Bxplant Pathwey o Satus Reference
marphogeness
Emlryoswith
wel-devdoped
oyledos
Anhas Rilen -
anryoosess
Ceratonia Sxding Soat Ratinsol Sedianand
siliqua L shoat tip, prdiferation MdCarb, 1986
Maure
e sgmat
Maure Shoat Falet Thomesad
shoat tip, nocel prdiferation Méhig 1983
dan syat
Cercis Immeue Direct Gamirea], Trigaoet al,,
canadensisL. | arirycs arbryogeess alyore 1988
arinyo
fomed ot
Dalbergia Sading Dirett Fandet Mukhopedhyay
Sissoo Roh Bxasdroat QUAOgAESS adMaen
Ram 181
Maure Shoat Falet Dataet al.,
Axillay bud prdiferaion 1983
Maure Sa Hatlet Dataad Data,
nocH eqdat prdiferdion 1983
Maure St Hatinsal Damaet
Axillaybud proliferation al.1o
Sading Incirect Ratle Semead
D. latifolia Mature Shoat Ratlet Megcaateset
Rob nocH eqats prdiferdion al, 19
Somatic callus Indirect Aantlet R0, 19%%6
tissue organogeness
Soa cdlusof Incirect Aatinsal Lakdmi Staet
5yrddiree QOEOORESS al, 1986
Sading Indirect Ratle Sdhekiad
Hypoooty! OUEOJEESS Netaga 19874
18D
Meaure Cdluis Aatinsal Raiderkarad
Soacdlus regengation Jopdh
Cradg 1988
Sading Shoat Fatinsal Raideka ad
shoat tip, prdiferaion Joedh
NnocH ssymet Chada 199
framin vitro
Chived doats
hypmy| Direct organogenesis Patle




Table1.2 continued

Plant oedes Bxplant Pathwey o Satus Reference
marphooaness
D. lanceolaria | Sading Incirect Ratlet ArerdadBir,
Lim roct, cuoganess 184
hypooatyl, thizogenesis
ootyledon,
dam lef
Indigofera | Coyleon Indirect Hartlet Bhard ad
enneaphylla L. OTEORESS Redhid 1979
o
Leucaena | Axillaynode ot Pantet Kukari et
leucocephala | 1-2yr.ddplatt proliferation al, 1o
(Lam) deWit
Caylednad Diret Hartlet Netagaad
epiooyl QUENOOEESS Soehi, 1934
Saling S Ratinsol Drenenad
nocH ssyment, prdliferation Brgwerni 1985
Meture
nocd et
Genhouge St Hatinsol Goydetal.,
goan 23n proliferation 1985
tdl tree
adllaybd
Maure S Hanlet Dataand Datta,
ke prdifgraion 199
Cayledon Incirect Ratlet Negareiad
QUEOEESS Vekdesnvaan,
1987
L. retusa Catyledn Indirect - Neoamen ad
Baih QUAOHESS Vekdesvaan,
1987
Mimosa pudica | Seeding Indirect Hlartlet Gaydad
L. atyledon, QUEOOEESS Mahetwai,
hypooatyl e, 1
doat goex
Ougeinia Saling Soa - Dhewen, 1983
dalbergioides | nocH sgmat prdiferation
Baih
Poinciana regia | Seedling Cdlus - Baa, 1989
(Boj.) explants
Excised Seadling Pant in soil
maturing formation
embryos with
well-devel oped
cotyledons
hypocotyl Somatic --
segments, embryogenesis




Table1.2 continued

Plant oedes Bxplant Pathwey o Satus Reference
marphogeness
exdsd adgoatbuds
adtyledons
Arthas Rdlen -
amlayogeness
Prosopisalba | Saling oot Rlartet Jordkn, 1967
Gish shoat tip, nockl proliferation
sEmsgrat
P. chilenss | Sading St Hartlet Jorckn, 1967
(Md)Sunz | shoattip, nodd prliferetion
dansoat
P.cineraria | Seing Indirect Ratinoil Goyd adArya
(L) Druze hypoooty regEngretion 181
Soattipar S Hantlet Goyd adArya
nocH gem prdiferaion 184
sat
P. tumarugoF. | Sxding ot Rentiet Jorden, 1987
Pril. shoattipor proliferation
nocH gem
sat
Pterocarpus | Ssling Soat SaitaPetri et
santalinus | eqlais proliferation al., 198
Incirect
QuenooEness
Robinia Méture St Ratle Chelups 1983
pseudoacacia | nocHdam proiferation
sat
Méure ot Rertlet Baghdh, 1987
nocH 9am prdiferaion
srat
Zygatic Brryogess Hantlet Mekieard
anyo Wieko 1989
Sesbania Seling Diret Ratinsol Kapoorad
bispinosa hypoootyl, OIGEIOgEESS Gupta, 1986
(o) WF adtyledon
Widt
Sesbania Sxding Indirect Rentiet Kretterad
grandiflora hypoooty, OTENOgEESS MdenRam
ayiedn 1983
Sesbania Seding OtaogEEss Faet Viatosetal,
rostrata ootyledon, 1987
hypocayl,

zyodicemayo




Table1.2 continued

Pant goades Bplat Pahway o Saus Rdeaene
mar IS
Sesbania Seling Direct - Khetterand
sesban hypoooty! OEOQHESS MdrenRam,
1
adyledonad Indirect -
_ hypoootyl QUEOORESS
Tamarindus | Sading Soot Rartlet Mescararheset
indicalL eqart proliferation al., 1981
Mature Soa Ratlet
adllay bud proliferation
Sxlig S Ratinsal Mesaeheset
shoat tip prdiferation al, 1987

adllay bud




Table12 continued

Repartsinthe0 send awerds
Plant oades Bplant Pethway of Saus Rdeaece
morphooenes’s
Acacia Seading Incirect Rartlet RergpRepad
auriculiformis | hypoootyl QUAOEESS Prasd, 1991
AQme
Bath
Acacia catechu | Immere Incirect Fatinsol Rouet al,,
Wild adyledn ambryogaess 19%
Mature Soa RAatinsl Karet al.,
nocH segrat prdifgraion 198
A mangium | Ssding St Hartlet Sitoet al,,
Willd adllay buds prdiferation 193
Maure 51001 Aatinsal Bredaad
nocH bud prdiferation Sieh 196
Jmailead S RAatingil MorteLisand
meure prdiferaion Bon 200
expats
InmeLre Incirect Ratinl XieadHag
zygotic arhryogness 201
A.mearnsii ce | Saading Speet Hentlet Huaget
Willd shoat tip proliferation al. 194
In vitro Sq001 Ratinsl Beket al.,
sgling prdiferaion 1998
eqat
Exvitro
seding
eqdat
Coice 1001 - Beket al.,
nocH eqdat prdiferaion 199
A nilotica ImMeLre Indiret Hatle Gaget al,,
(Linn) Willd endogoam erlryopess 1996
A. salicina Indirect Hatlet Zreoet al.,
arlryooEness 1990
Asenegal ) | Saling S Fatinsol Bajiet al.,
Willd Jwvenletree prdiferation 193
NocH eqdat
A sinuata | Sadig Indirect Hatinsol Vegakesnet
hypooatyl QUATHESS al, 200
Acacia spp. Indirect Flartlet Jreset al.,
(£1101%00515S 190
A tortilis Saing Soabuds RAatingil Nerdwan,
sbpraddiana | coyledoraty shoots 19%
FoK)Hare | node




Table1.2 continued

Plant oedes Bxplant Pathwey o Satus Rdeaae
norphogeness
Albizza Cayledn Diret RAantet Srtead
falcataria (L) | peses (0(0z0005) 5 Meallick, 1998
Farberg
A.julibrissin | Roasof intact Indirect RAatinsil Sritaet al.,
Durazz slings QUEOEESS 19
Sxding Direct Hatinsal Sridtaet al,,
Exdsdroat QUEORESS 196
syats
A lebbeck L | Maure Indirect Aatinsal Gaydad
Rdidedam (062000505 Maheswai,
190
A procera | Sadling Direct Aatinsal Kureet al,,
letlet QUENOOEESS 198
Bauhinia Maure Cdius Aatinsl Kurg, 192
purpurealL dam regengrtion
1518yr.dd
tree
B. vahlii Wigt | Seadling Soat Ratinsol Uprei and
ad Amott oyledorary proliferation Dhe, 19%6
nocd sgmat
NocH sgmat 51001 Aatinsal Dharad
of shoatsfram proliferation Upret, 1999
meuelisana
Sadling 51001 RAatinsil Bhett and D,
oatyledorery prdiferaion 2000
ok
B. variegatalL | Maue Axillary oot Hartinsall Meathurand
nocH eqdart proliferation Mukurtreuma
(68yrs) r,1992
Caesalpinia | Maure(20 St Aatinsol Rimenet al.,
pulcherrima | yrs) praliferaion 198
Sw nocH bud
Cassafigula | Maure Indirect Aatinsol Gayd ad
Lad gam QUEOpEESS Mehedwat,
Cassa samea Fantet 1990
Lan
Cercis Dedaang Direct Ratinsal Gapead
canadensisL. | zygoic arlryogEness Keds, 1990
arbycs Rhizogaess
Cladrastris | Inmeure Diret RAatingil Weaead
lutea(Midx) | erbycs emyoEEss Trigano, 1991
K.Kah
Dalbergia. | Maure St Ratinsl Raa
LatifoliaRod | NocH eqdart prdliferation Sharyet al,,
o 6080yrdd 192




Table12 continued

Plant oedes Bxplant Pathwey o Satus Rdeaae
marphooEness
Immeture Direct Ratingl Reoad
2yoptic amlyogeness Ladm Sig
arlrycs 19%6
Sading Incirect RAatinsil Ratenet al,,
hypooatyl regEneration 198
sat fromadl
LPEEM
daived cdlus
D.dss00 | Cdlsof Cdl a.g0a€mn Hartinsoil Kurget al.,
Rod carbid aign daived clus 1991
o meluretree regenadion
Sindue Indirect - Daset al 1997
zygtic arhryogness
erlycs
Seling St Rartin Prachenet al.,
exqlan- prdiferaion 198
Cayledonery
noce
Faidherbia= | Saling Direct Rentiet Aheead
Acacia albida | Roats QUAOgEESS Duhax, 194
(Dd)A. Crev.
Hardwickia | Inmeure Indirect - Desetal, 1956
binata aoyledoraty Embyogeness
eqdat
Mimosa Saling Srgebd Ratinsl Villared and
tenuiflora exdart nocH adture Rojes 1996
(Willd) Roret | adllay bud
Parkinsonia | NooH eqlats Axillary shoot Aatinsal Maturad
aculeata L of metLretress proliferation Mukuntrekume
(68yrs) r, 199
Prosopis Srgene Axillay Ratingl Kakaet al.,
cineraria (L) | sgmat@ branding 191
Drue yrddtree
Saling34 Direct Ralet Kadkaet al,,
morthdd QUETORESS 192
roct symat
4%5yr.ddtree
rod ssat
Pterocarpus | Seading Axillay shoat RAatinsil Lakdm Saet
santalinus | eqat prdiferation al,19p
Robinia Immetre Incirect Fatingal Anillagget al.,
pseudoacacia | sk arhryooEess 19
L.
Seshania Saing Advatitios RAatinsil Basdad
aculeata (Ras | hypoootyl Orprogneds Parcky, 1993




Table1.2 continued

Pant goades Bplat Pathway of Saus Rdeaence
mar S
S bispinosa | Cayledmn Cdlus Ratinsol Srhead
() WE reggEdion Madlick, 1991
Wigt Méaure
lesiet
S grandiflora | Saing Indirect Hartlet Sakaad
hypocoty, OIgEOgaEsS MdrenRam,
adyledn 1990
Cayledn Diret Ratingol Derezet al.,
pes (0[02000505S 19
S rogtrata Selig Cdis Hantet Rdleginesh
dem leaes Calogansss ad Tede,
rootsof 193
yleesieececy
ted plat
Snartzia Saing Soas Hantet Bagrad
madagascarien | 1 node 2 Roots S,
S (Desv) nodg shoot 19%
aex
Tamarindus | Sing St Ratinoil Kagpad
indica L Shoat tip proliferation Netargal19%0
Saling Soat Ratinsal Splitttoesser
Cotyledonary prdiferaion adMdamed
node Yasn 191
NocH ised Soa Ratingol Jwd ad
adyledon prdiferaion Guldi, 1991
Selig St Hatinsal Jwd ad
Shoat tips proliferation Guld, 1992
nodesof shoat
regaaaed
fromdhoat tip
Seling Soa Ratinl Kaogpad
Exdised noda prliferation Netargg19e2
segment
Saing De novo Hatinsal Smiaet al.,
hypooayl Orgaroganesis 198
st
MétLrezyoptic De novo Hatinsol Menaet al,,
aerlryoais QUEOOEESS 2000




1.4 TAMARIND

The tamaind pat is rdive to the dy svares d togicd Africa In adat tmes
the tee wes inroduoad to Ada by Areb tedas ad with its pessat addc teding frut,
it wes 9 atheadicdly adoped, epaddly on the sbootinat, tet todey the plats
baaic ad common remes bah, pant O its asoddion with Inda The rame  tamaind
daives fram te Arbc tarerdhnd which meas “de o Indd, do kown &
tamaindo (Sperish and Rortuguess) and tamain, taetinier, teamaindier (Frendh).

It is a mdun sz @m-emgen tee (HgllA) with a dot dog tuk with
gy dy bak The leaves ae diamde predy compoud  7-150m lag with  puivins
a te bee o te pdde Thae ae 1020 pars o srdl ledlds araged gyoste atirg
dnmg wsle ddog 125 x 05100m log  Ifloesce is grdl temird  dogping
ralemg 510om log The floves ae grdl, setad ad dradive with ydlov ad red
odas (FgllB). Ros ae wdy arved flateed ad vay coddaddy in sz ad
dge (Hg 12A). They ae codrided, inddhisoat, 1-10 sl When ripg the fruts ae
diff ad hitle Sek ae dovae flateed bown aou 115 an lag  (FHgl2B)
jored o exh ahe with togh fibes umng trogh bown didy pdp Tarmaind tee
is log lived ad atens a lage 9228 bt the rae o gomh dter the sading dae is
dow. The tree bgrs o b frut & the ap o 1314 yeas ad ooilinus o yidd
dudat ags fa noe ten @0 yas (The Wedth o Indg 197/6). The amae yidd o
tareind frut from a maue tee is 00 kg andy, dihogh snme tes hae ben
idertified which yidd 18025 kg pe yer. Inda is patgs te did poduwa o ths
fut in the wald wth & esatd poddion o aou 200 tomss pg arum
(Mesaetes et al, 1987). The atire damad far the pup in Inda is ma by indgenos
produdion

O d te topcd ad sirgpocd frut tess noe is moe widdy dsributed nor
moe gpredded & a amametd ten tamaind (Moton, 1989). It is supisng tet the
tree is pooly eqdatd commaddly, dthouh the frut is hgly piced ad common in
d lod makes Nahing is kown got te gadic vaidility of the edes o aout
agoamicreguramats Thusedansveganpanmadledionad



Hg 11 A: Tarairdtree
B: Honvasd tamaird



Fg 12A : Rutsdf tamaind

B : Seasdf temeind



deataizion is neded to fid fuits with good flar ad hige pacategs o
usshlepup (B- Scdg et al., 1999).

Taraind is patadaly edgpted © sm-aid toggcs bu it ean dD gow in
moson regos povidd tet te w0l is wdl daned (Fusgoe 1982). It doss mt do
wdl in eawd dimde o ude lov tampeaue ad freng  condtios  (Madeka,
1981, Moton, 1989). It is dasfied & quatitdive log dey pat, sne gomh is
etencd by log das i mt peetad by dot dys Brode ad Dasmen, 1983).
Dy wethe is inpotat duing te paidd o fut devdgomet (Chepmen, 1934 Rd. H
Sddg et al., 1999). It thrives bet in dep dlwid ils but it doss wel even in rok sls
with litle o ro altd atetion Cood, 191 Rd. B dddg e al, 199). Tamaind is
oeteed dittdgat ad @ be gon faly wdl in sils codnng yp o 4%
exdhagetesodum (Dwived €t al., 199).

The men mahod o poegging tamaind is by sak Hones, it doss mat hred
tuetotype de to hdaozygesty sne the floves ae aosspdlinged ad ndicd o be
ouoosing Rdopd jwelle pee hes do ben dmavel in patdios de
pecominat sed  popagion (Kade et al, 1997). Thedoe vagdive popaggion o
pgior gaaoyps is neessay far doteing jwaile pee ad far podudion o
uifamly goning dit tes Ths cn be ahead by covetiod hotiodtd  mehods
d gding ad adaming o trouh morovatiod mahod o popegdion by tsse
autre(Mascarenteset al., 1987).

Amet emy pat o te tamaid te fiks e u= The wood is a vduede
tmba, bu te vdee o hetwood is gmdl. The spavood is ydlonish  dten  with
bomidh red dreks The heatwood is dak bown wdly dresked ad noled  with
Hak, patodaly in dd tess The wood is doegdrned dog vay hed ad hewy
(gt 9312 kghi). It is rmodaady rdratoy, soas gaking ad - siting
duing ar sy ad is reposve 0 pedvdion tegmat It is dudde uds oo
ad is reddat to inet atak It bas wdl ad tekes on good pdih The wood is usad
mody for egiadtud impemets tod hades wheds nmdlds rice poudas al mills
ad wmay. It is aqitdde for pining dodks ad tet pdugs It yidds a deoodive pak
fo pading ad funture In Souh Indg it is emdoyed for codrudion wok ad hes
ben reommeved & a abditite far tek ad sl (Shorea robusta) for beems rdtas



pulics ad tusss When bumed it gves of immase het ad in Inda it is a duace
wood far fiing ik kins Tamaid wood is do vdued & a fud. Tamaind daod is
o sch hgh qeiy te it is pdeared for mekdng guponds. Tamaind is do  useu
$es for beifying ad dedng paks bedyad gades dy aeues ad oouty
reedls In Inda it is patadaly common & an amue dek tee Aroud the tree the
gad is wdy bae bease o dedng by te dee gy, ad in Inda tamaind is
planted instripsamong foret plantationsto at esfiretreeks

Tre frut cotens a swvedidhy addc plp, te tamaind o commerog which is
widdy wd in ames sues dugs ad atan bemaes ad do a lod meddre
It ocotamns bah agas (0400 ad agaic adds sh & dhic tataic adic ad
aobic (Viamn O. It hes vitanng inpotat mneds ad cddun It cotars 8%
tataicadd (Kume et al,1997).

The paatd o Tamaind hes ben reogized fo v food poduds fram
agdoety tes (Lekey, 199). Sudes on te food vdus o tamaind hae d0 ben

ool (Tebe 1.3
Table13Foad vauepa 100gd adiblepartion (Re. Martan

Pulp (ripe) L eaves (young) Flowers
Cdories 115
Moaisture 282-52¢g 7059 80g
Protein 310¢g 584¢g 045¢g
Fa 0lg 2149 15449
Fibre 56g 194g 1549
Carbohydrate 6749 1824¢
Invert Sugar 30419
(70% glucose; 30% fructose)
Ash 29g 159 0.72¢g
Cddum 35170 mg 101mg 3559
Magnesium 71img
Phosphorus 54-110 mg 140 mg 456 mg
Iron 1.3-109 mg 52 mg 15mg
Copper 209mg
Chlorine 94 mg
Sulphur 63 mg
Sodium 24 mg
Potassum 375mg
VitaminA 151.U. 250 meg 0.31mg
Thiamine 016 mg 024 mg 0.072mg
Riboflavin 0.07 mg 017 mg 0.148 mg
Niadin 06-0.7mg 41mg 114mg
Ascorbic acid 0.7-30mg 30mg 138 mg
Oxdic acid 196 mg
Tartaricacid 8-238mg
Oxdic adid traceonly




Tre hiled s aotan a lage amout o mndach pdysodaide with  retios
o Dgatoe Dxyloe Dduoe o 123 Norhdled ad owel sk hae ben
wd gnee 1993 o wpdy a audke pepadion o pdyssodaide commaddly kown &
tareind kard povde (TKP usd edasvdy @& a d2ng neaid in tedle inddry
ad weaing indely (Gead 1980, Rd. Sao et al, 1996). When the ponds is baled,
gud is didnad whch on dying in thn layes podiss drog smooth,  cotinuos ad
dagic fims which is v for szng The faty dl from te kard reambes penut al
ad is rgoted o be wsHU in the pgadion o pans ad vandes ad for buming in
lamps

The pip o te fuit is used in vaios edbde hoshdd prgoaions while the
sk ae trown avey & aiadied wede Vdudde pdyoe is edraded from  thee
wede sk 0 dian a depe idgeos podudt Taraind ssad padyoe (TSP is a
pdysscdaice gum haing  imumadde qHites ad hee is wigqe with ahe  reud
ad gnhdic gums o podus o is kind The sk yidd 20296 TP td is o
immane pramenaticd vdues (Khema et al, 19%9). It e fid a number o uwses in the
fidd o pamey, & it hes pessd dedled toddty sudy in ras ad mokes Bedds
bndng sgading  emddfying ad heencddic popaty, it @ d0 be vl &
pdymg o ddace fo sddnad ddivay o tegoatics Snee 1964 JFen hes e
wrg puified rdired TP xloguen from hlled sk in may comedd  fod
pots & a gding thdeing o ddilizng aget (Gdey & al., 191, Rf. Sao et al,
19%6) & oooatrdios of 03X in fook Taraind wedes arh & taraind hek pup
s frut ad the dfluet geedad duing tataic add edadion ae wd &
pemats to edute thar dfedls on dodd poddion fran cae mdasss  wEg
yeet adires Sdl amouts o thee addives ahecd te rde o ehad  podudion
to 4% impomamat in beadh femaigion The ue o deper wmainddesd  wede
podds poice a od-dfedive meas far impoving dhend  podudivity (Pl et al,
1908

The pdp o te fruts is sved o su, ooding camrdive dgsive ladive
atisobuic ad athblios Bak leaes ad sk ae aimpt Teds leaess ad
floes ae ooding ad athlios Al tee pats ae usd meddrdly. It is used in
cordipgion,  odic  ocough,  dyggea  feva, fladee  gamoinetind dssss ad
uinay ifedion Rip o the frut & wdl & a padice o te leaes is recommaddd for
edard gylicdion to irflanmetoy smdlings o rdiee pan The ripe pdp o the frut



is coddead & an dfedive ladive in hebtud ocostipion ad etas iMoo may
Ayuvadc peadios An infuson o the leaess is uld & a gage far ghthos sres
ad sxe trvot ad fo wahing inddet doas PRadicee o flomes is usdfu  in
inflammetay fedionsin cojundiva

14.1 Dissasssd tamarind tree

Tre tree is dfedted by a rumbe o ros ach & @ Spa (@sd by Xylaria
euglona), bromish Sgrat (cased by Polyporous calcuttensis) ad white rat (cassd by
Trametes floccosa) (Wedth of Inda 1976 ponday mildev (casd by Oidium )
Qddgarech  ad  Kukan, 1982, hypooyl @ (aed by Sclerotium  rofsii)
Uinpgu et al, 1979). Sevad imnsdts dleck the fuits ad sk o tamaind, boh on
te tee ad when doed for makding Thee fed on lavee which fedd on the sp o
futs ad te s o te youg twigs ad baxdhes Anmoyg te pet, mey bus ad
Sdes ae dtn caEng swmios cars epaddly in nusmy ad @ be cowdled by
iy 01% mooodopos (Kumer et al, 1997). Latoia lepida [Parasa lepida] (dug
caanilla) isreported assasaiouspest of Tamarindus indica (Baou et al., 2000).

1.4.2 Tissue culture studies in tamarind

With the edsson o konee o basdndoged ad  tsme  altue
gpoeches  maopgeegeion mahods ae dten coddeed o gypemet convatiod
popecetion . mehods  paticdaly  for bredng Thee mehods  dfer the  posshility o
mutipicion ad edddidmat o sHedsd tess on a lage sde Altough the  potentid
o tee mdhods ae idatified ad is bang ededd t vaios tee Ppaes (Meke ad
Den, 2000, vay few rgots ae adldde on in vitro dod popagion o tamaind
LitedureontissecuturedLdesintamaind issummaized bdow (Teble 14)-



Table14 Tisueaulturegudiesin tamarind

Explant Pathway of Status Reference
mor phogenesis
Seadling explant Shoot proliferation Plantlet | Mascarenhas €t al. (1981) Propagation of trees
I by Tissue Culture. In : AN Rao (ed) Proc.

Mature explant Shoot proliferation Plantlet COSTED Symp. Tiss Cult. Econ. Imp. P,
Singapore. pp. 175179

Seedling explant Shoot proliferation Plantlet Mascarenhas € al. (1987) Tamaind. In : M
Bonga and DJ Durzan (eds) Cdl and Tiss
Cult. in Forestry. Vol. 3 pp. 316-326

Seedling explant Shoot proliferation Plantlet Kopp and Naaga (1990) In vitro plantlet

Shoot tip regeneration from shoot tip cultures of
Tamarindusindical . Ind. J For 13:30-33

Nodadl tissue Shoot proliferation Pantlet Jawad and Gulati (19910 In vitro high

associated with frequency plant regeneration of a tree legume

cotyledon Tamarindus indica |, Plant Cdl Rep. 10 -
569-573

Seadling Shoot proliferation Plantlet Splittstoesser and Mohamed-Yasseen  (1991)

explantCotyledon In Vitro schoot regeneration Proc. InterAmer.

ary node Soc. Trop. Hort. 35: 6-8

Seedling explants Shoot proliferation Plantlet Jawa and Gulati (1992) Micropropagation of

Shoot tips, nodal Tamerindus indica L. from shoot tip and

explants of shoot nodd explants. Nat. Acad. Sdi. Lett. 1563-67

regenerated from

shoot tip

Seadling Shoot proliferation Plantlet Kopp and Natarga (1992) Regeneration of

explantExcised plantlets from excissed nodd segments of

nodal segment TamarindusindicaL. Myforest28; 231-234

Hypocoty! De novo Plartlet Sonia € @ (1998) Direct organogenesis in

segment organogenesis hypocotyl cultures of Tamarindus indica
Biol.Plant. 41; 331-337

Migogoopecgion o tamaind from ssding daived maides wes  rgoated fram
ths leboaay (Mexaetes € al., 18l Maaehes et al198/), ad do fran dahe
ldoodaies (Kogpp ad Neagg 1990, 1992, Mutipde doat  regeadion
oyledn nodes wes domaved when tidaaron wes wed ideed o BAP  (Slittdoesy
ad MdametYasen 191, . re. Ro et al, 199. Hovea hich freueny
regradion wes ahied fron edsd ayledln o @Emaind in medum  aoaning
BAP sy (Bwd ad Gud, 191). Roding in tee dods wes indod in pese o
IAA. The sme athos rgotad mutpe dodt reggeedion fran ot tps ad  nodd
egats wih BAP (Hwd ad Gldi, 199). Ote remades rgoted (R et al,
1999 magrgegion o Emaid  from seding eqdats
with KN, BAP ad IAA. Hones, roding o thee dods wes dianed in a mixue o
tree axirs indudng 1AA, IBA ad NAA. The aly rguot an de novo agaogaess in

from

in a madum  aompostion



taraind deibess podudion o doas with gl anouts o dus & the  podmd
ed o the hypooayl eqats (Sria et al, 1998. Resach on tamaind tree is reviened
(Reoet. al., 1999

It is gpaet from the dove litgaue tet vay lile tsue adte dudes hae
ben doe in ths mutipupoe leuminos tree gdes Ths thee is a ned to dedp
rdidde tse adtue paoods fa in vitro reggadion o taraind pats from ssading
ad nmaue eqaits via dred ad indred agaogeess ad  sardic  amnayogaess
The paoods devdoped for dod  propecgtion cen then be wsd far rgod  propecgtion o
idotified  dits ad gmeicdly modfied pats The pooocds devdogped far de novo
agaogeess ad erbyogpess will ma aly be wsfu  for udedadng te  bedc
poess o mophogedic piways ad s o reddtace in leumes bu do for
ggdic modficion of tis pat for poduwdios o dedred bodemcdls  Some o the
ampouds podod by tis pdat hae cmmadd vde  The edadsl jwaile pee
of tameind will bereduoed by tissealiture(Mascaantes et.al, 1987).

1.4.3 Objedtivesaf the presat sudy

Kegpng in view the edding litgaure it is gpaet tet vay lile wok hes ben
dre o in Vitro reggedion ad dod popegdion of tamaind Ths thee is a ot o
soe o devdop rdidde praoods for in o vitro  regeedion, ad dudy the bedc  processss
invdved  in - tamaind  nmophogeess The pesat dudy on tamaind  wes  intiaed  with
thefdloning dgjedtives
Optimization of conditionsfor:
(i) Clorel propecetion
(i) De novo maphogenedis
(iil) Soeticemryoganess



Sthemdicrepresantation of thereseserch work induded in thetheds

Tree
Fruits ‘
l Immeiurepods
Sk L
. ‘ IZE
' ’ Vo= l
In vitro Saing InvitrogamreininTDZ ~ LSEC Rimery soetic
| i De novo arycs
¢ :
irect rgENOoEESS Shoatbuds Axillay
Shoatip Cat.Node  fromintad ssdling
L Hisblogy
Soas Hiddogy Shoas
Prdiferdtion of shoats | Saochy
| smaicertiyts
¢ | nyitroroding
¢ ¢ Miaogdting  Hisdogy
Invitroroding  Micogiing L
L Ratsinl
Ratsingal
Hatsingl  Aatsingol Mutiplication
Hisdagy

Cat Node - Catyledorary node

LIC- Logitudirel sedtion of erlryo axdisatiached to aoyledn
TDZ - Thidazuon

IZE - ImmeiLrezygaicamiryo

- Selicaryoyess




CHAPTER2 MATERALSAND METHCDS



Ths dgte deibess te meaids ad the tedniques rouindy pradiced in pat
isse adtire The nmdaids ad te mahods whch wae gadfic o the paticda
expaimats havebean dedtinddal intherepadivedgatas

2.1 CONSUMABLES

Mot o the coamddes ad demicds wee poured fran vaios locd  sydies
Faw damicdsinduding thegrowth regulatarsand Phyteod wereimported

211 Glassvare

Tet tubes (Ba50mm), oonicd flads (&0m ceaty), [ipettes
010212510 m cgaty) ad memuning ofindes  (Gm, 10m, 100M  cgEdty)
o Baradl, Indawere usad for autuing thetissues and for preparaion of media

Gasvae v\l for hiddoged duwdes wae opin ja (60m  coeaty), dides
(BlueSa, Indg) and cover dips(MiaoAid, Indig).

212 Pladiovares

Radiovaes indudng  daile dgosble padic paiddess o 55 ad & mm
dage wee poured from Lado Maueduing Corpay, Fue Kin wgp wsad for
sding te pdiddes ad madips wee pouradl from Hexo Wigs (Borbey) ad
Bio-rad (U.SA.) repadtively.

2.1.3 Flte paparsand mambranes

Whemen filte pgpr Nol wes wsd for medng filte pgoer bidges for liqud meda
in thes while te fite dalizng marbaes waee poored from Advaod
miaqook/ices(P) Lid, Ambda Inda



214 Chemicas

Chamicds wd  fo  wfae  daiidion posdres wee  BaidiD  BAT,
Indg, SMon (Hhren ad Jyen Limed Idg, meauic dloide (Qudiges Fre
Chamicds Inda).

Inoganic s ad  vitamirs vl far pepadion o adtre meda ad  for ahe
eqaimatisaed Arda gaoe(BDH, Hi-Medaad QueigasHneChamicds Indi).

Adivated dnerood wesproaured from Sarebhel M Chenicdls India

Gomh reyigos  indwing kingin© (KN),  Ghemarinopuine  (BAP,  zein
@, 6ggdmehyldlylamingurine @iP, Npheryi-N"-123thidiazol-5ylurea
(hdaron, ~ TDZ), a-ghtdee adic ad (NAA),  36ddoocoaisc  aid
Dicart, inde adic aid (AA), indde huyic aid (BA) indde propiaic  add
(), awisic aid (ABA) ad ghoedic aid (GA) wee didnd fom Sgme o
Aldich(USA).

Canicds uwd  for hddoged dudes indudng  forrdddyde sduion,  daod
adic ad ad xjee wae poouad fran Quiges Fre Camicds Ida Bhad, 2
mehyl popen2d (et buyl dodd), iron dun wes fran sd fine demdds Indg
padfin wax (Mp5360C) fran (E Meadk, Inda L), heereoglee ad exdn da@n
fam (H-Meda Laoaoies Rt Ltd, Barba), ad DPX4 moutat  [18-2dae
N{(4mehoyy-1,35tazin-2yi anrmo  caboyl)  bewee  gipgeemd  wes  from
BDH, Inda

2.15Carbohydrates

Qoo fludoe duoe i wee poued  from Hi-Meda (ndg  ad
QueigasFreCramicas(Inda).

216 Gdling agats



Agar agar bacteriologicd grade), used as gdling agent in the semisolid culture medium
was procured from Hi-Media (Indi@) and Qudigens Fine Chemicds (India). Phytagela (Gerite)
used in one of the experiment was procured from Sigma Chemicals Co. (U.SA.).

217 Saurced Explants

Seeds of tamarind were obtained from the mature fruits collected from the trees growing
locally. These seeds were either used as explant directly or for developing seedlings as source of
explants. Immature zygotic embryos from young pods and actively growing twigs were aso
collected from the trees growing localy. Immature zygotic embryos were isolated from these
young pods and the axillary buds were dissected from the growing twigs.

2.2 EQUIPMENTS

With the exception of pipetman, anaytical baance, microtome, microscopes, and camera,
al other equipments used in the course of this study are fabricated by different companies in
India The mgor equipments used include :

Equipment Caorpary
pH mer GdH, Inda
Magretic dirrer Ram, Inda
Seame Ultredert, India
Auodae Nat Sed Equipmant
Rt Ltd, Bambey, Inda
Tampaaurecoidledoven Pathek Hedricds India
Ligt microsope Cal-Zesha
Miaratorme Radatlg
Laminerflov Klezads Miadfilt, India
Carga Nikon/Zass
Ardyticd belanoe Sataius
Memrarefilter dailizng unit LadroMaufaduing
Comay, Rure
FipemerO GlanMedcd Bedrorics
2.3 METHODS

Savkd pat tse adire tdriqes waee uadl fo te eqaimats  Spedfic
mahods gpied far hddoged dudes ad moaooyding ae desyibed in te rdevat
dgras



231 Prepardion of gassvareand indruments

Gasvae v in o dudes wee deed by haling in suded duion o
sdun bcaboee fao 1 h fdoved by wahing in g waa. Thee wee ten immasd
in 3% ntic add uion fa D mn Thee wee waded thoogly wih g wes.
After insng with doubledidilled water theseweredloved todry onadraning radk.

Tues ad flads wee puped with asabat otn (Sesos  hedtcae L,
Raya Raly Didid, Andra Raksh Indg. Hpdtess wae wgpad in bon pger for
dgailizion by atodaing Al dssding iumets wee dte wigped Sy o
wereputindosed duminum cansfar dailizaion by auodaing

Odray gak fite pga pess o gpodmedy 10X0on wee kgt in dak
dareivdy with bromn pgpg pess o dmila sz Thee wae pecked in auodavdde
pdagic begs with 205 pers in exh bey ad alodael Distion ad tade o
exqatswerecaried aut onthese pgparsunder asgptic conditionsand digoosad efter use

Sgiliztion o the desvae ad idumats wes cared ou by alodaing &
121°Cfar 1hin 15 loslindy)’.

232 Preparation of madia

Sok guios o te meda ingedaets wae pgaal in des ddlled waa.
Appgpige digaess o tee uios wee mixal o peae te  meda
Comatdios o te meoo ad mao demat sls ad agaic codivats o the MS
Muaige ad Soog 1962 bed medum is liged in Tade 21 Sok duias o
gomh regdaas (FGR) wae pegaad ad doed For nmeda peadion a  cladasd
anut o digos wee adal from thee dok Suios Calbohydae wes weghed
ad abed in reqired qetity ad dloved to dsdve Ures matioed pH o d the
meda wes auted 0 56568 wg IN NOH o IN HA de mxng d te
aoditets exgt te gding egpt The vdure wes mece yp wih das ddilled waete.
GHing apt @@ ap o pyad) wes ten add ad heted on wae bdh o
geamed for te agp o mEt Mdten medun wes dgesd o daile adtue  tbes
flaks o baofles et thoough mxing In e o liqud medum o gding apt wes
reqired  For liqud medum in ke a Whamen ol fite pgog ayppot wes  insated



duing ddibuion o medum  Samngdid medum aortanng e wes wd in Mo o
the dudes wles dhawie metioed Al te alue mada wee awodaed for 20
mn & 121°C ad 15 Iefnd)’. Auodared meda wes poued in dmile  periddes
bdoe ¢ding & ad wen rauredl Awirs wsd for roding meda ad Absisc aid
(ABA) wee fitg daiizzd trough milippe metbaes 02 M) ad  abd
agiicdly to te atodaed liqid medum o in te atodaed smiglid  medum
bdoe it ¢gdls In e o daod arndnng medum indvidd tle wes deken bdoe
thesdting of mediumfar unform didribution of dreracel.

233 Preparaion d explants

Maue sk nmdue huks o youyg fruts / pods wee waeded ad ufae
daiizzd with 01% mewic dlaide (Hgd) for gadfied tme paiod EBxoesss HoCh
wes revoved by rgpeted wedhings (@5 tmey with daile ddlled wae ude  asplic
cwotios Seak wae sekal in damile ddilled wae for 1216 h pior to adting them
far gamirdion in vitro. Thee sadings wee s & U o e@ats For e o the
epaimats the sk wee wsd dredly dtg seking For iddion o immeue  zygoic
arhryos theyoung frutsweare suface dailized prior to asgtic disssdion.



234 Initiation of aultures

Qitres wae intded from the eqats in lannr ar flov cborgs Al te
dsefios wee caied ot on dmile fite pgpas The iumats usd for  asgdic
dsgion o tadea o tses wae peadcdasd Duing aspic gpadios thee wae
flamed intemitedy &ter dpong in redified Qint  Afte tadening the tses the
paiiddes wee sded with Kin wep Al altues wee lebdled gpopigdy pior to
incLoetion

235 Cultureconditions

Mot o the altues wae inobeed in ligt in adtue room ajuted & 25+2°C
with 16n phopeiod & 2 NE m’s’ ligt inesty. Some o the aldtres wee inobeted
in oriruos  ligt (), dhe oodios remdnng udege The adtues  inoued
indak weedna 52 C.

2.4 STATISTICAL PROCEDURES

Sdidicd mahods wee vl fa compaisn O temet meas  duing
gaimizaion paaretas for MIQOrgRecEian, (0(0000505 10 ad aerlryogadic
repoee Conpedy Radomizad Deigs wee wsd The dHa wes sgedsd to adyss
d vaiare (ANOVA) ad tetmat meas wee ampead P ad Skdng  1960)
Thedeawes andlyzad usng Miaosaft Bxad peckege

2.5 HISTOLOGICAL PROCEDURES

Fixetiox The tses for hddoged dudes wee at ino grdl pess ad fixed in
Fomdddhyde adicadd ehend: 550w (FAA) mixturefar 46h

Deydration and preparation o  padfin blodkk The FAA fixed tses wee pessd
trogh te gaks o tatay buyl doohd (-buand, TBA) ddyddion sies (Tede
22. In 100% TBA, sardes wee kgt fo 8 hous o ovarigt In dl dahe sduios
they werekept for 68hours



Table22 Gradesd tartiary butyl daochd for dehydration

t-buand
(TBA)

1l esBl §
& BB §

Blollgsss

The tsues wee arbaded in padfin wax  (MpSBECPC) fdloning te mehod
desribed (Sremaand SemalR0) ad thepereffin Hodswaemedeusngamoud
Sationing Sedios o 10 nm tdress wee ot on a miaguoessy  coirdled ooy
miaaome (Redhat - g 2000, Gamary) ad trarsfixed ondassdides
Saining : The sdios wae devaxed with xlee fa 510 mn ad wee dobde dared
with heemetogfin ad exsn by pesng the didks trough the fdlonvng smies o
vatsand duionsinaoginjas

Xylee

2mn

Xylee

2mn

Xylee: aoduiedadd (1)

" 2min
ddueahad
“2min

%erad
- 2min

Adhad
“2min

/oetherd
2min

ddilledwaer
~2min



Mardart, &6irandum (whv indisiilled weter)
5min

ddilledweter
- 2min
1% heametoxyiin (Wi indidilled weter, metLred far aremanthinlight)
~ 10nin
weler
~2min
e
2min
Aetend
2mn
T0dhed
~2min
dosduteethend
2mn
aduearend
-~ 2min
1% e0sn (Wi in sosdluteethand)
Dmin
dosduteethend
2mn
Xylae: asduedadd (11)
~2min
Xylere
2mn
Xylene
~1015min
DPX-4mouniat
The damd sdios wee ovead with ova dips ad te pamaat dids wae
edanined uda themiaosogpe



2.6 MICROSCOPY AND PHOTOGRAPHY

The nmopogeic repose in vaios eqats wes edwad uda  daeo
maoope ad reodd in Hak ad  whttddor phoogghs Hisdoged  dides
wee  dudd uclr maosoe ad photogrgohned Magifictios o the
photomiaogrephswerenotedd

Table 21 Campastion o meao and miaedemet <His and  vitamins in Muradhige

and Skaog basa medium
Ingedients | Amaunt (mgl™)

Maro-nutrients
KNG 190
NHNCs 1650
G220 40
Mg H0 30
KHPO 10
Miaonutrients
Mr8044H20 23
280 86
HsBG 62
Kl 083
AB8u3H0 005
NeeMoQu2H.0 05
Gd28+0 005
Fe8Os.MH20 278
NeoEDTAZH0O 373
Vitamins
Myoinostd 10
ThiamireHd 01
Niadinicaad 05
PyidodireHd 05
Gydre 2




CHAPTER 3 CLONAL FROPAGATION



Cod poggtion trough tsse adte dfas an diemdive o vaddive
padicess usd in te p ad hes te paetid to povde high muipicion raes o
uifam gaaypess redding in dot tam ghas (Gua et al, 1998). Aaing dlows for
te immedae ad tdd cgpue o gedic ggn daing o mee tes is gaedly
pdarad ova jwaile tses & it is mt dways posbe to ddemire if the juvenle
tissuewill hevethe desired quElities et meturity (Bangg, 1977).

The oonvatiod mahod o dod poegdion o pats is  dten  dffiat,
epaeve ad een usoesu. Tise adre mdhoks dfe an dterdive meas o
pat veedive poegdion dod  popegdion tvough tisse  adtue (popdaly  cled
miargprapecetian) cenbeadhieved indart timeand goece

Theadvaniagesdf vepaaivepropecetionare: -

(@ fde eaad mutipicion in cotad to s pogegdion in pats with a  lag
lifeyde

(b) udesrde jweaile pree esodded with the sd rdsd pats o woody  peamids
ishypessad by propeceting them vegeitively diredlly from theiadLit metail, and

(c edigmat o ogge baks by miigying vaiats amg dody  popeged
plants

Miargoragpegation can brcedly bedesribed in four dages -
Sagel - Edablidwmant of aulture

In ths dagp axeic adtue is intded For mod miagoogpegion, the eqdat o
dae is gid o adlay bd s te gadic mkap o te pat is peavaed in thee

pats Ohe eqails uwad ae ledf pess (Ficus lyrata, Anthurium spp., Saintpaulia
ionantha etc), flover heeds (Gerbera jamsonii, Freesia) ec.

For intigion of adtue dedopmetd dage o an eqlat is an  impotat
fada. The ap o dok pat, te pyddogd ap o te eqat ad its devdgometd
dap & wdl & its 92 e ddamre te aoes o a poodre Seding eqlats ae
moe repoEve compaad o the neue pat daived eqals Youps tses, ach &
temrd o adlay dox tips o tp o aveltos dodt regpade bdile ten dde
ad moe meue tses o te sme pdat Sed dmey o te bus me be



osdaad  while intiging te adtre Fegexy o grading is dways highe in te
budstakenframplart duing itsvergaivephese

Bats o sme s ey baap magp dak pgpe dc  aoan
arogpos  addaos (g phedics) te ewds fronm te ot wfaes Mo the
medum  ad irhbt dedopmat  Thee euddtss ae dimreed by vaios  mahods
pior to o duing intdion o altues The eqats ae weaded repegady dtg qufae
dailizion to dimree boh ahaing wufae dailat ad the phedics rdessed  from
te ot wufae Fepat dags d medun e do owooe s  inhdtion
Antioddats ach & asotic add o dtric add ae wd dthe in a pdimmay wedhing
guin o in te madun itdfl. Abobet nemid sch & avael deod o
pawinyl  pyrdlidone (PVP)  incoporded  in e medum syppats ooding o buds by
dimreting theinhibitory Subdances

Saell - Prdiferation of shoatsin culture

Rdifgading adtues povicke doos for  sbset  pogeggion & wdll &8
metgid tet is requred to manan te dodk  Mutipiction of doos is ahieved by
sbautuing theshoat aulturesa regular intarvas

Vaiat pats mey aie from the adtres man@ned in vitro far a log paiod
For te pupose o maoooopegeion, sy the doos from the  adtres mananed  for
®wwed pesgs ad haing hige  sbadtre numbes s addd b emre  gandic
ficlity.

Oe d the pyddogcd doardios tet mey case smios pddem in dage 1l s
vitrification  (Jesines. Leaes beome imeveshly  traduoat  with vaying dayes o
ddoton ad smdling At tmes ths is fdloved by rexcds ad deth of dhoos Sie
and Langhams (1979) attributed thisto the ebsanoe of gaiautiodar wax.

Ths praomemn hes ben asodasd with hgh ofddnn leds in te medum o in
liouid auitures (Y eomen, 1986). Hartsshoning gasinessdonat auvivewl.



Sacelll —Rading

Roding in doas cn ke induoed ather in vitro or extra vitrum The mgar oot in
fdat popegion by e adue is mad lébo Ths is epaddly poouced in the
roding dege when  indvidd  doas ae maipdaed It is pdedde tet  dl
manpdadios o spaded doas ach @& in the roding dege be pafomed ude o
astic conditions

In mgaity o the altue sdems dods ae di@ned by tade o adtues fram
the popegion medum, 0 an gpguide daggion medum Ths @n be aheved by
frangdating isdaed doods to a madun dedd o o ananng lov  otddnns
Hoves, ideed o heding isdaed oo, it is eoonomicd to tadfe dutes o  shoas
toamedum thet dlonsgood dongetion of &l of theshoats

For roding in vito dods ae adtued in axin cotanng medum o akgjeded
0 pde rtemat o axn pior 0 tadaring o a0 axn free medun O induee rod
farmeionar gosng hoasonlowv axinconoairaion

For roding in vivo / ex \vitro, te doos ae edsd & gmdl  adings
(mioootingy, teged with axin ad pated in <l Thee ae ten paed in a hch
humiity demberfor roding
Rodingex vitro hesmeny advartages -

Itiseeder todidk acutting thento plant aroated plantet

Leba-intengvein vitro gpadiosd sngeshoasaeaniosd

Theroat s/stem produosd €x Vitr o simuitaneoldy eteblishesin soil.

Rohlity of damegng the roos while tadening te pat to <l is acdad Thee
cBmegescauserodt ar dam disesses

For dfficdttoront pats it is ede ad dege to gete good codtios ex Vitro
thenin vitro.

SagelV —Hardening of tisueaultureraised plants

Ths dagp invdves tada o pafas fron  aglic ocodtion to  the
evromats o te gesthousse ad utimady to te find locion At ths dee the
doas mey be rooed o uroded (moooutingy bu in @t e the patld o



poegde mA uvegp a paidd o aodimdizdion 0 @ebe it o Lnvive Hats ae
radered to sl in pdybegs pos o paas Ue d pug sders with ndud o
atficd abgraes dfas posbiliess o raddiz te mot lébor requing dap o
miQoargpegeion
Importent fadtors fter trangdanting -
Marteence o high rdaive humidity to paed te pats from dedocetion  ad
ededethemtoiniisenew rootsand hoats
A looe agasd wdkdared gitable roding medium which dlons rev roos o
develapauiddy.
Pratedtion fram varicuspathagens until someressenoehes developedd

Often pddars ae eoouteed while wng alit pat meid for  regeadive
popecgion i vitro, In ach ces a modd dudy is s by wng sading (uenle
megid. Sufae daiizzd sk ae own in vitrop ad te sdings dtdned ae usd
foo in vitro popagion via poifgdion of doos by adlay o avetios oot
fomgion The iforeion geeaed is ten edadad to Hedsd alit pats  (Halk,
1976).

Oe o te not oiking dffeeos bawen habteosos ad woody des s
tet te late ae fa moe dfficdt to done in vitro. The remos for ths ae  (Haik,
1975, Borgaand Duzen, 1982 KumamenKooj, 1989) :-

Wody gedes hae a rddvdy wek rmpedve ety when aompeed O
hetbecaous padies

Ressrchwith tressand drubswsinitisted later.

Theindudion of rgwerdiionisganedly difficLit inwoody goedes

Themutiplicetion reteisnuch lowver withwoody pedesthen hatbecsous pedies

Domaxy pays a rde in te cae o tres ad dwis buks do md gan ad dam
dogetionfalstotekeplace

Woody gdes ae noe lidde o be dfeded by exadion of tokic sidancss ino the
nurietmedia

Tres ad dnus ae "Hedsd for doing when they ae alit Adit meaid is dien
vay diffiaut topropecgtein vitro.

Gadic vaidion in tes is gaady getg ten in egiadird ad hoticdtud
aoes gvingrisetovaigdereaLits



Gen houe metgid is mt adldde for adit pats o woody edes ad eqats
ae tken fron fiddgown tes Vaidion in the eqats de to te dffeat gomh
adtios ad and fludweios in te dimde damads aotinuos  modficion o

pratocdl.

The wak caried ot on dod poeagion on tamaind is induded in this
Cepe. The eqaimats caried ot ad the resits didned ae dvidd into for pats
Pat ‘A’ indudes the wak on sddig eqats Pat ‘B demibs te wak on newre
treedaived adllay buds pat ‘C  demibes the eqaimets on migogdting of in o vitro
rasd soos ad pat ‘D desyibss the dudes canied ot to demogrde the  differacess
invaigion ediibited & theealy degedf plart devdopmant from seed

A : Clonal propagation from seedling explants

3.1A INTRODUCTION

Saling eqats ag in ggad, noe reposve ten e@ats daived fram
maue tes (Paden et al, 198, As md o the woody Paies sgape for
prextypc tats when propeggted by s e plaits regeaded in vitro from seding
edats wadd dglay irheat gedic vaidion Ths oodd hovesd, be  aoridled
Wy an ditt ssd popddion & wes seted by Raden et al.(1999) for ther dudy on
propecgtion of Dalbergia sissoo.

Rgots o woessfud  miaogoopetion o vaios  leguminos edes is reviewved
etaevdy (Parat et al, 199). In foed tee gedes te s hes ben lagdy
redidced to sading memids Qnme ad WezEnl19d). In vitro  pooods  weng
sading eqats hae ben ewloed fo rgid popegdion ad  mepddion o woody
lgumes ath & Abizza (Gayd ad Maetwai, 1981), Acacia nilotica (Denen €
al, 198), Sesbania sesban (Kreta ad Mdaran 1982, Sesbania grandifolia
(Kretr ad Mderan, 1983, Leucaena leucocephala (Netaga ad Soheded, 194
Dhaven ad Bhgwai, 1995, Dalbergia latifolia (Qohedei ad Neagg 19687ab),
Acacia tortilis s raddiana (Nadwen, 19%), Swartza madagascariensis (Bagy
ad Stefre, 19%), Mimosa tenuiflora (Vilared and Rges 1996, Bauhinia vahlii



Upei ad Dha, 19%6), Acacia mearnsi (Bek e al, 19989 ad Dalbergia sissoo
(Rachenet al., 1998).

Repedted dterps hae ben mece 0 dadadz poood for dod  propegdion
d tmaid saing egats (Tde 14 Wih an uimee djedive o edddih a
mehod far dod popegion o nere tamaind teg in the prest invediglion  initid
dudes wae odwted with te sading e@aits Ths is pimally to  geade
ifomeion on the reue o reposs edibted in vitro by the tises of this pat,
whdh e ke edadd fao dwdes with meue e@ais The pats rdsd from tse
aie o sging daived eqats will do be wHU o arfim te peias
dmvaios (Mexaethes etal, 1987) regadng reddion o the jwaile pee o
ssdingrasdtres

3.2A EXPERIMENTAL PROTOCOL

32A. 1 Prgparation of explat

Tanaind sab wee olled from te mewe pok o lodly gown tes o
fan Agidde Cdlege Rue Tre sab wee wehed wih ligid ceeget ad  arfae
szl Wy 0% wv Hgd: fo 15 mn Bos Heh wes revoed by repesd
watings  wih smile  ddiled wae  ude  aspic  codios  SEb wee  sekal
omrigt in gale ddled was & rwom Evpeawe ad wehed toagly  bdoe
aling tem in e gegh Muatie ad Soog MS bed sis ad viemin with
Dososead 1™ agr. Qutred s wereinaubstedin dak for 46weeks

Gamrdion ad gomh o sedings ae aymdroos (FHg 3AD). Fom 20 d
owads some o te sdings dow pese o fid pr o leaes De o the
amraos gamrdion ad gomh sdings reedad tis sz in 20680 das
Sadingsdf 3042 deysweareusd assource df exant. Soat tip dter exasngavey



Fig. 3A1

FAg 3Al1l : Aymdroos gamrdion o tamaind sab da 20 days
inadture
(@ Umsndlenssd
(b) Shdlen aacked seed
(©) Sedingwithdifferentiated hypoootyl
(d) S=ding with  dffeetisted pgumde ad  hypoooyl -
ureed eqats



the fird par o leaves ad te adyledoey node dter exdsng awvey the adyledos wes
idaed from the hypoooyl 225om bdow te nook Thee eqats wae wad for te
eqaimais(FHg 3A2.

32A. 2 Multiplication and donggtion of shoats

32A21 Gromh regulatars

MS bed medum sypereted wih gomh regidos indudng KN, BAP Z
ad 2P sgy & oooabdios 02, 01, 05 2 ad 10 ngl" wee tded TDZ &
cooatdion 02, 01, 05 ad 2 mgl' wes teded Kindin ad BAP wee tetad in
combireios Theconoatraiorswae0(, 01, 02,05, 1and2mgl ™.

After the inabdion o 4 wedks rumbe o eqats repoded in adte ad tod
nurbe o doat pinoda famed in exch eq@dat wee soed The amae hegt o te
dogeied doas wes demined ad the adtres doning goaing o leaes in te doas
wearesoored Thedetawes processed for datidicd anelyss

3222 Cabohydrates

MS besl meda with BAP (002 01 02 05 1 ad 2 mg) wee sypemated
with 2% Gluoose Frudoseor Suaosetodudy theefedt of vaouscatoohydrates

At the ad d the inodion paicd d 4 weks rumbe o eqaits repodkd in
alue ad te rumbe o doods moe ten lom in eah eqat wee soed Avaae
heght of thedongated shoatswes detammined. Detawes prooessed far detidicd andlyss

Tre dmavdios wee noed by nodesudive mehod, ad the  inadeion  paiod
d thee aitres wes edadad fo wo moe weks to dian dogeed doos (36 a).
Tre doped doos wee igdaed from te e@dat ad usd for roding  eqaimalts
Theaigrd eqdat devad of thedongeted hootswesreaUitured onfresh media

32A 23 Subaulture
For mutigicion o doas inboed fran the edding meigeams o taraind, two
mahods wae guied In te fird mehod the dorped dod wes edsd leing ae



nde with te oigrd e@at The aigrd eqat wit ts node wes redtred for
futher grouing ad doaxgdion The dogded doa wes usd eathg far roding o for
gbadtue In te smond mehod te dogaisd doat wes au o 23 pexs (eth
memsng ~20m). Oe hed te tp ad te dhas wee mH sgmats Thee eqlals
wee adtuad wetcdly in egpr gdled medum  aontaning OlorOergI'l BAP with 246
agoe in ths The dogasd oot tp ad te doos dedgped from the nodd
maigemswareussd far roding or further muliplication
Quittreswereinabetad inlight far 6 - 8weeksto datain dongeted shoats

32A. 3Roating of dongated shoats

The dogged dods (34 ar) wee aded in liotid hef sregh MS  medium
gppemated wih axin mixue (AA, IBA, IPA ad NAA & 1 ngl' ed) Fdlowing
7 h inubdion in dak tee wee tadered o mediun dedd o FGRs In adthe
eqaimet, axins IAA o IBA & 1 ad 2 ng’ wih 0% ap wee wsd sngy for 45
s Nunbe o sods roded dong with the nuvbe o roos pe ot ad its legh
wes moed In te thid eqpaimat the sods wee difted to hdf dregh MS medum
emaetad with 025% adivaed dacd fdloving 46 das eqoare in IAA o IBA
a1and2ngl ™ with 0% ager. QuitLreswereinoubeted for 46 wesksinlight

32A. 4 Tranda o plant tosall

Rooed pates wee weded toogly uda uming & wae o remoe te
medun ahaing to the roadt sdem piar to tade o tee pdatds to 10 5m
pdybegs / pos aoanng solsad (D). The patleds wee mandned in ligt &
5t2C in te tas Tras wee ocovaeed with das dests ad pos wae ocovaad with
poythere begs 0 mnmz te loss o masre Afte 20 das te das et ocovEs
wae ramoved patdy o pdytee coove wes ot fran ae comg ad pats wae
menanad far 30 daysprior totrande to patsin greahouse
3.3A RESULTS AND DISCUSSION

33A.1 Preparation of explant

The saligs dowing te peae o fid par o lealss wee the soue o
egdats (Hg 3A2 A, B). The doa tp e@at codnng te gicd maisem ad fird
ndd sgmat witou te pir o leves ad te deoyledoeed ok (eving the par o



domat adllay bu with a pation of dogged hypoooyl (Hg 3A2 C D) wee usd
seqats

Soa tps idsd fron les dffegtiaged sedings dd nat repod in adiue
Thadoe te sdings doMg fiid par o leaes wes dosn & te eq@at doon
Sedingsresdhed thet repuired dege df gonth a differet daysiniavels

33A.2 Multiplication and donggation of hoats

MS medum hes frepuaty ben used sooesduly for doat indidion in tree
e adtre dudes Dudon ad Thope 1989). The apaiaity o MS ove dha St
famddios hes ben danmowrasd in dhe legminos tess ach & Prosopis  cineraria
Geanat et al, 1993, Swartzia madagascarenss ([Bagy ad SidfE,  19%),
Bauhinia  vahlii Updi ad Dha, 1996. MS besd medum wes wsd in ar dudes in
Tamaird

The doa tip s wdl & the ayledoray nodd eqdat, boh gooued withn 810
das o adtue in MS medum with 26 sooe ad gae rie to dodas in 4 weks (Fg
3A3A) whenadturedinligt.

33A21 Effett o Gromh Reglatars

Infigion ad mupicion o doods  regire  gpopide medun  contaning
g a otkinn o a crbrdion o otdknn ad axn In tee pedes Kindin o
BAP o ther combrdion hes ben wed 0 ahiee mutdicion o te oot buk.
NoH eqats o in vitro gowmn salings ad fugdde peeged 3 ad Smoihdd
garhoe gown Acacia mearnsi pdats wee alued on MS medum  apdemetad
wih 2 mgi™ BAP. In vitro gowmn sading readted in opimd shoot pocdion with 88%
d te eqats poddng doas with an amae d 2 doas p noe The 3 moth dd
ad9mmhddgeshouegomn patsdoved repoe



Hg 3A2: Repaaion of seding eqalant far ature
A. Tammid saling & te d50p O dedopmat usx
for isdlaion o eqdat
B. Dentyledoretad sseding of temeind
C. Dissttad ssding with vaious parts
D. Isdlated eqantsused for intigtion of auiture
() Soa tip with gicd meidgem ad firdk par d
adllary nockes
(i) Cayleomy mok eg@at with poton o
hypooatyl.



Fig.3A.3

FHg 3A3A: Souing ad dffegtdion o doa tp (9 ac
ayledoary node (@) eqat gving rie 0 doos dea fou
weksinadiue

Hg 3A3B Hfed o vaying cooatdion d BAP on dra
ip altwes FHgues on tke hddes indce cooatdion o
BAPinmg!™



with 13% ad 43 altues & te sre cmatdion o BAP (Bak et al, 19989. In
Dalbergia sisso0 Rxy 9% doat pdifedion ad madimum rumbe o dods pa
oyledoray noce eqat (79 doay wes ahieed wng 89M BAP (Raden et al,
198

In an dtemx to miaooopege  Acacia  tortilis  gbgp.  raddiana oot
mutpiction wes aheed fron oyeday modd eqats in MS  madun  conianing
1 mg* NAA ad BAP 5 ng' (Nadwai, 199). In an aerg o didn oot
mutigicsion far in  vitro poegdion o Swartza madagascarensis 37 dooseqats
oud be indeoed in MS medun aotanng 22 M BAP (Bage ad Stdfa, 19%)
Migoprgpegeion  of - Bauhinia  vahlii - Wigt ad Amat- a legminos liee cadd ke
aered by Upd ad Dha (199 when te alylebray nodks from in vitro
gemireed  sdings wee adtved on MS medum cotanng M thidezaon Jwd
ad GUdi (199 wd BAP 5d0°M to adire sot fp ad nod eqats from
dongeted shoat of temarind and dtained 3hoaseqat.

In te peat ddy, doa tips ad oyleoay nods o  tamaind  sedings
adtued in MS medun with vaios conatdios o ockinms repoded in 810 days
by grouing ad dogeing repativdy. At the ed o the inobetion paiod of 30 days it
wes dmsavael tet the eqats repoded in dl te otdkins teded The freuery o
repone raged bewen 40100% (Tade 3AlL). The amae murbe o dodadeqat
foo doa tp vaied dggificaty. Higet repose o 26H03 wes diamd in meda
aridring BAP 05 nglt whees BAP 10 mglt wes et dfedive (Fg  3A3B).
Howged dodas with opeed leass ae gpoopige for roding ad suvivd in sl In
BAP 0® ngl' doggin o St wes nadimum gving a0 amae hegt o doot
20t120m, bu te rumbe o dods pg e@at wes aly 113 In peae o KN,
the sods dd nat mutpy bt in dl te conoatdios ewogt in 10 mglt, lef gpaing
wes noedl Honves, te rumbe o ades doning opeed leaes vaied  sgificaty
with vaying cooatragios o KN, InKNOSngI'ldllfesfmsl"aquemjlea/es
BAPirﬁtitajtrepaEsdIeimmaditmresriaejinnajavmm%rrgfl
ad doe For dod poegion incesd rumbes o doos s derdde  Thadoe
meda ardnng 022 ngi' BAP wee Vviewal & te pdeid combrdios In the
meda wih TDZ 0 ng* te frapeyy o repoee wes 100% ad it deoessd with



inreesng  cooardion o tis gomh  regdaa. Thee wes o ggificat dege  in
oo mutipicion ad te dogdion o ot Lef opaing wes redued In AP ad
love cocatdios o Z te freqery o goouing repose wes 100%0 bu thee wes o
doat muigicgion In Z 2 nglt te freoey o repoee wes dmila o BAP 05 ngl
't te nurbe ad amae hdgt o doos pr eqlat wes les ten BAP 05 ngl'.
In ot © 100% lef opring in 05 ngl’ KN, in BAP & the same conoartraion

me d te doos hed geed leaess (Hg 3A3B) diogh te numbe o mutde
doasweshighet.



Table3A.1: Effedt of different oytakininsaon shadt tipsof tamarind sedling

Medum Frequency Av.no.d Av.HtL.d Cultures
PGRac o repone shoatd shaat dhoning
mgl") & Bplants @) leef cpering
Mean +sd Mean +sd Mean +sd Mg +sd
KNO® | 1000t00 09:01 11402 875+177
KNO1 0OH41 10+00 13t04 450+71
KN 05 800+283 10+00 17+10 1000+ 00
KN2 1000+ 00 09+01 12402 450+ 71
KN 10 800283 0803 15407 0000
BAPO®® | 100000 19+13 20+12 1364515
BAPO1 | 1000:00 12+09 14404 224157
BAPO5 00H141 2603 16+03 00£00
BAP2 700£141 17+05 15402 00+00
BAPI0 500+707 0304 06+09 0000
TDZO® | 1000+00 10+00 10+00 00K141
TDzO01 500+707 05+07 06£09 500+707
TOZ 05 400283 1507 11404 1674236
TDZ2 400+00 05407 06:08 0000
y. 210102 00141 10+00 15+07 800:283
2P01 | 1000+00 10+00 10:01 4004566
2P05 | 1000+00 10+00 10+00 00424
aP2 1000+ 00 10+00 14+05 800+283
P10 1000+ 00 10+00 09+02 0000
Zow 1000+ 00 10+00 11402 00+141
Zo1 1000+ 00 11401 11+03 5R3+589
Z05 1000+ 00 17+04 11+00 3B64+91
z2 00H41 19+02 11401 50t364
Z10 600566 10+00 1508 0000
MS 700+141 10+00 12402 875+177
| AnovA | NS | s | NS S

Detafrom 10reglices



Table 3A2 Efad o dffeet

otkinns on  atyledonary nodes o tamarind

sadling

Medum Frequency Av.no.of Av.ht.of Cultures
anc d repone shoats/ shaat shoning

mg ) %) Bxplarts @) leef cpening
Mean 4sd Mean 4sd Mean 4sd MeSa/? 4sd

KNO®@ NOL141 11405 15106 762£135
KNO1 1000+ 00 0904 1907 83236
KN 05 00141 103+00 23107 00141
KN2 NDOH41 11402 34428 00424
KN 10 NOH141 1501 2516 28t185
BAPO®2 100000 16103 3926 &Bot157
BAPO1 1000+ 00 1507 31+19 &0t495
BAPO5 NDOE141 2417 2407 83118
BAP2 NDOE141 22414 2104 00£00
BAP10 700£141 19402 11401 0000
TDZ0®@ 0024 14402 17410 6.7+ 00
TDZ01 875177 0910 3112 004
TDZ05 o212 05+00 0800 0000
TDZ2 00141 03t04 04406 00£00
2P0 1000+ 00 1301 22417 714+ 84
2P01 1000+ 00 12+00 17406 oL7+118
aP05 NOH141 13101 15108 00283
2P2 1000+ 00 11401 28120 G471
2P10 NOE141 21+19 13t02 29+42
0@ 00283 1400 21101 &2
201 NDGH4.1 13+01 25+05 DOt141
Z05 100000 2011 27115 AI05
Z2 875177 21101 18107 91+129
Z10 1000+ 00 11406 10101 0000

MS 00424 11401 3121 1000+ 00
[ ANOVA NS [ NS NS S1% |

Detafrom 10reglices




Smila o the $oa tp eqat, in d te otkinrs the ayleray nods gae
e to doas a vaying frapades (Tdde 3A2. Honeve dihough thee wae a par o
maiders in exh egats bt dEen aly oe meigam gooued ad daggel In
moiun witok FGR d the doos hed geead leves (Fg3A4A). Padld  wih te
desvdion mied in te dox Gp in oylebay e madimum b o
soodeqpat (2417 wes didned in BAP 05 gt ad madmum  dogdion o
doot (39t26am) wes atieed in BAP 0 ng’. In BAP 20 nglt dthough te
nurbe o muides wee doe to BAP 05 ngl' bu roe o te soos hed opeed
laes (Hg 3A4B). Moe rumbe o adtues with goaad leaes wes naed in KN
(Fg3A40) ad 2P (Fg3ABA). In medum wih TDZ nat oy the muliplicaion
dogdion ad led ogeing wes poor bu tee wes dalffeetidion ad poue
cdsng in te pat o the eqat in cotad o medum (Fg 3ASB). In Z 05 nglt ad
10 mgt te frapey o nophoggEic repoe wes 100%  THs wes dmila with  the
dfet in BAP 02 ad 01 ngl”. Howerm te rumbe o dodseqat wes hge in
BAPOSrrgJ‘l. Smila to BAP in hige aatdios lef goaing wes por in Z (Fg
3ARC) & higher conoantration

Tre gquaing 0 leasess in adirss govng in KN aotanng meda wee foud ©
be lesy ten MS hu te dffeee wes nat sgificat Al te red o the PGRs (BAP,
TDZ, 2P ad 2) domad dggificatly love pacaiae in te qoeing o leass which
waecompady inhibited & higher conoartrations

In te peios eqaimat with vaios PGRs it wes doaved tet KN ad BAP
ae ampadivdy moe faodde for goath, mutidicion, dogdion ad lef  goaing
in taraind doat adtes To ddemine te giimum cooatdion o KN ad BAP
rered 0 ddan mexdinum repoe in te fdloning eqaimats  ifluets o thee
wo gomh regldos wee dwded in rages bewen 0022 ngit in bah oot Gp ad
ootyleconery nodes

It wes omaved thet KN & 1 mgt indbod mophogic repoee in dl te
egats & ape 4% ad 7% in Sodt tp ad oyleoay node repetivdy in
medun dedd o gomh regdao. In dhe cooatdios o KN nmoe d te dda wes
condusve Saidicd adydsdowsvay highdevidionsindl thevaues In05



Hg 3A4: Srauting, dangetion and leef gpaningin aatyledonery nodd eqats:
(A) Shoatwith goaed leavesin madum devad of gonth regiear,
(B) Mutipicsion o dwoas redudion in dod hagt with inoesse in - conoaraior
o BAP. Leavesdd nat gpeninhigher conoantrations
(©) Shoat adtureswith gpenad leaves invaiousconcantraiansof KN

Conarraiion of thegrowth regiator in gl ™ indicated onthe tube bolde.



Hg 3A5 Syouing doggion ad lef goaing ink adyleomy nocH  eqais ir

presnced :

(A) Quitureswith gpaned leavesin 2P

B PR muidicion, doggion ad lef ooaing in TDZ Qutues gowin
inTDZ donved dedffeetision and prafusecdiisnginthe

pat of eqdat inconact of medium

© Radion in doat hdgt ad lef goaing in the dods with  inoesdn
cooatraiona Z

Caatraion of thegronth reguidor in gl ™ indicated anthetubehddi.



m" d te sods hed opeel leves (Fg3AGA) No sgificat degs wee
nated intheather reponses (TebleBA3).

Table3A.3: Effett of Kingtin aoncantration on tamarind ssading explants

Shoot tip Cotyledonary node
Medium Frequency || Avg. no.of || Avg. ht. of Cultures Frequency || Avg. no. of [ Avg. ht. of Cultures
(PGR conc.in sh./expl. || shoot (cm) ; of response || sh./expl. || shoot (cm) showing
|1 of response showing
mg.™) leaf (%) Ieaf
%) opening opening

) )
Meantsd | Meantsd. || Meantsd. | Meantsd | Meantsd || Meantsd. | Meantsd. | mean+sd
K0.02(18) 66.7+57.7 0.6£0.5 0.8+0.7 58.3t52.0 73.0+£31.9 1.1+0.3 1.4+05 84.1+16.7
KO0.1 (18) 64.2+45.9 1.0+0.0 1.7+0.8 63.3:32.2 70.8+50.5 0.9+0.3 2.0+0.6 88.9+19.3
K0.2 (20) 80.0£ 0.0 1.0+0.0 1.7+04 81.3+8.2 95.0+7.1 14+0.1 24+0.1 53.615.1
KO0.5 (18) 61.7+37.5 0.9+0.1 15+0.7 100.0+0.0 76.7x25.2 1.0+0.0 2.3+05 76.7x25.2
K1 (19 100.0+ 0.0 1.0+0.0 2.2+0.7 68.3+2.4 100.0+ 0.0 14+0.1 22+0.2 73.2+25
K2 (18) 75.0+43.3 0.9+0.1 14+04 63.3x32.2 60.0£52.9 0.8+0.7 22428 46.7+50.3
MS (28) 45.6+30.2 0.8+0.4 11+0.2 85.4+17.2 71.0+42.0 11+0.1 22+1.3 93.2+13.6
[ AnovA ] NS | NS ] NS ] NS NS ] NS [ NS [ NS |

Houresin parenthessindicates nuber of replicates

The dfedt o BAP on vaios reposs in te sding eqats is induded in
Tdde 34 In medum wih BAP 02 g meimm e o dox tp ad
ayleray nooe eq@ats repodal  Honvev, te dffeece wes mt sgificat whn
aompaed with te repoee dianed ink medum dead o gomh regddos  In medum
arigning BAP 1 ngt te gicd meigan wes dimiaed o podoe (22407
dodepat ThHs wes dgificatly highe ten in medum dadd o gomh regddos
Ths indcaes thet BAP 1 mgl” indoss poifesion of gicd meigen in tamaind  In
dhe coatdios o BAP te nmbe o doodeqlat wes hige ten in MS hu ths
i wes . dgificat In medum wih BAP 01 ngl?, te amape higt o oo
ip daived doat wes 29%15on Hoveve the rumbe o doogeqat wes 1104
whdh wes love ten in BAPL rrgl'l. Bfed o BAP on led goming is imiltay in
higher conoatrations

Cnyleirayrmlee@atajuejinnﬁiunV\AMBAPlrrglldS)smNed
the madmum umbe o dooge@at (2610, like in doa tp epat Thee doas
waemoredaggad inlove conoaraionsof BAP(Tede3A4). The




Fig.3A.6

HgSA.G:EIomajd’odsdlamirﬂfrtm:
(A)S’I(IItlpanN05rTgI doning gpaing o leaves
(B) Cayledonary nodd eqat sm/vlrg doggion o doat in
MSnniuns;ﬂerrmejvmeAPOanJ
© Cayldoay nodd eats donng  mutiplicsion d
s’rmsmMSrmjunsmemtedWMBAPlngl
Leavesddnatgomn



lef opeing cosdeddy deoessd & compaed o MS in love cooatrdion o BAP
ad in hige anoatdos (L, 2 ngl') it wes conpledy inhibted This it wes noed
thet doat mutigicion ad dogion dd ot oo togdhe in a dnge medum
(Fg3A6B,0).

Table3A4: Effet of BAP conoantrationsan tameri nd saedling explants

Shoot tip Cotyledonary node
_ Frequency Avg. no.of || Avg. ht. of Cultures Frequency || Avg. no. of [[ Avg. ht. of Cultures
Medium . of sh./expl. shoot showing of sh./expl. shoot showing
(PGR CO?C n response (an) |eaf response (an) |eaf
mg.I) (%) opening (&) opening
©9 @9
Meantsd. [[ Meant sd. Meantsd. Mean +sd Meanzsd. Meanz+ sd. Mean#sd. Mean +sd
B0.02(32) 75.7¢28.9 1.3+0.7 2310 54.8t41.2 73.8825.2 15+0.4 2.8t14 60.2+ 24.2
B0.1(32) 73.927.5 1.1+04 29+15 56.0£38.7 81.7428.2 1.8+0.5 27411 44.9+ 32.3
B0.2 (14) 85.4¢17.2 1.2+05 2.7+0.6 0.040.0 91.5+#11.8 1.8+0.3 2.7£1.0 16.7+ 83.6
B0.5 (32) 65.6+27.8 1.6+0.7 1.8+0.8 0.0:0.0 80.4422.4 21+10 2.0£0.7 13.3t21.7
B1 (14) 58.8£31.2 2.2+0.7 2.3+13 0.040.0 65.829.9 26+1.0 1.8+05 0.G: 0.0
B2 (32 48.0+35.7 1.1+0.6 17+12 0.0:0.0 67.4428.0 2.6+0.8 17+04 0.0+ 0.0
MS (24) 50.6+£28.3 0.8+04 11+0.1 91.7¢14.4 50.6£36.5 11+0.1 26+£14 100.0+ 0.0
[ ANOVA [ NS | ss% ] NS [ s1% NS | ss% ] NS [ s1% |

Houresin perenthesisindicate number of regicates

An ingadive dudy on te combrdion o KN ad BAP wes coduded on doa
ip ad ayledoray noce eqats In dl te combrdios o KN ad BAP te doa tip
repoded to pode doas o meidemdic bus Hovee te fregey o repose
vaied Thee vaidios wee nat ggificat  ddigicdly. In ot ip epats 2820
alogic bulegat wee ol in KN 1 ngf+BAP 2 nmgi. In KN 1 ngt +
BAP 0 ngi’ amae hegt o dod wes 36 +13 an Homee in ths corhirgion
numbe o buks idode@at wes aly 10 Sdidicd adyss o te dda dons te
BAP pas a dggificat rde in doad tp mopogeess in tamaind It aooaiuees
pdifgdion o maiden in oot tp ad irhbits tear dffeetidion sgificaty by
reddng te doggion o dods ad opaing o leves (Tade 3A5. Sypematdion o
KN in BAP aranng meda remaned  indfative in omaoming thee irhibtay
iMfitecss ethogh KN srgy & 05 ngl' sppoted lef opring & doan in the
peios eqaimat (TddeA3. Thee dfedts o doa muigicion ad dogdion in
medagjdematad with KN eanbessninFg 3A7A, B.




Fig 3A.7

Hg 3A7 Hfed on KN ad BAP ambrdion on mutipicion  ax

A)

®)

dogalimdsmdsdaivejfrdnsfmﬁpeﬂdm
Mutiide bus fomed in KN 05 mgl™ + BAP 05 ng’. Pes
d KN a ths oooatdion wes indfedive in indudng  athe
dadiona let goaning
Hogeed doos famed in KN 1 ngi + BAP Q@ ngl”. BAF
d love comatdion dd nat irhibt doggion o doat ad led
g



Table 3A5 : Hfedt o Kindin and BAP aombinations on multiplication
eonggetion of shoat tip explants
Frequency || Av. no. of Av. no. of Av. ht of Cultures
of response | sh. sh./expl. sh. showing
Medium %) meristem / (>1cm) (cm) | eaf
(PGR conc.inmg. ™) expl. opening
(0)
Meants.d. Meants.d. Meantsd. Meants.d. Meants.d.
KN 0.02+BAP 0.02 60.0:+283 1.3+04 1.2+04 25+02 583+11.8
KN 0.1+ BAP0.02 90.0£14.1 1.3+0.1 13+0.1 19+1.1 75.7+6.1
KN 0.2+ BAP0.02 80.0+ 00 1.3+04 1.2+04 25+04 458+295
KN 0.5+ BAP0.02 700+42.4 1.0+00 1.0400 24401 250+354
KN 1+ BAP0.02 50.0+42.4 1.0+0.0 1.0+0.0 36+13 625+530
KN 2+ BAP0.02 0.0£14.1 1.0+00 1.0+0.0 35+19 475£389
KN 0.02+ BAP0.1 700+14.1 1.4+01 12402 21402 250354
KN 0.1+ BAPO.1 700+14.1 1.3+0.1 13+0.1 25+0.1 20.0£28.3
KN 0.2+ BAPO.1 80.0+283 1.7+04 16+06 20+04 250354
KN 0.5+ BAPO.1 700+42.4 1.0+00 1.0+00 2.7+00 0.0+ 0.0
KN 1+ BAPO.1 80.0+283 1.3+05 1.3+05 24403 10.0+14.1
KN 2+ BAPO.1 80.0+283 1.4+0.3 14+0.3 28405 300424
KN 0.02+ BAP0.2 875+177 1.4+03 1.2+06 25404 125177
KN 0.1+ BAPO.2 700+14.1 1.1+0.2 11+0.2 28+11 200+283
KN 0.2+ BAP0.2 700+42.4 15+0.7 15+0.7 27402 125+17.7
KN 0.5+ BAPO.2 60.0+ 00 1.7+09 1.7+09 30+09 7.1+10.1
KN 1+ BAP0.2 80.06283 1.4+0.3 14+0.3 27401 16.7+236
KN 2+ BAP0.2 80.0+283 15+02 15+0.2 24410 14.3+202
KN 0.02+ BAP 05 0.0£14.1 1.8+0.0 17401 24401 6.3+ 838
KN 0.1+ BAP05 90.0£14.1 25+04 1.7+0.7 19402 0.0+ 00
KN 0.2+ BAP05 80.0+283 1.0+00 1.0+00 22403 433+333
KN 0.5+ BAP0.5 0.0£14.1 22408 2.2+0.8 18402 4.6+ 64
KN 1+ BAP0O5 80.0+283 1.9+0.1 19+0.1 18+02 0.0+ 0.0
KN 2+ BAP0O5 67.5+106 1.2+02 12402 23+05 0.0+ 0.0
KN 0.02+ BAP 1 700+14.1 1.2+0.2 1.2+0.2 29422 125+17.6
KN 0.1+ BAP 1 875+17.7 1.7+0.1 14+06 15+0.7 0.0+ 0.0
KN 0.2+ BAP1 800283 19+10 14+03 15+06 00+ 00
KN 05+ BAP1 0.0£14.1 22405 1.6+0.6 17+06 00+ 00
KN 1+ BAP1 700+14.1 1.7+0.1 17+0.1 15+04 0.0+ 0.0
KN 2+ BAP1 700+14.1 1.7+0.1 15+0.3 14+01 0.0+ 0.0
KN 0.02+ BAP 2 50.0+14.1 2613 16+13 14404 0.0+ 0.0
K 0.1+ BAP2 700+14.1 21406 17401 11+01 0.0+ 0.0
KN 0.2+ BAP2 60.0+283 28+04 15+14 18+04 00+ 00
KN 05+ BAP2 63.3+ 4.7 14401 1.740.2 24402 0.0+ 0.0
KN 1+ BAP2 80.0+283 2.8+20 14+0.1 14+0.1 0.0+ 0.0
KN 2+ BAP2 500+42.4 15+07 15+0.7 15+07 0.0+ 0.0
ANOVA NS Tr. NS NS Tr. NS | Tr. S5%
BAP S1% BAP S1% | BAP S1%
KN NS KN NS | KN NS
BAPx KN NS BAPx KN NS BAP x KN NS

Detafrom 10regices




The oedoray nooss repoded in dl te meda comdrdios cotanng KN
ad BAP (Tdde 3A6), ad dathe ae a bah te buks groued to fom doas In the
wrbrdios oty KN 2glt ad BAP g, o an amae 3203
bulde@ats wae noed In coourece with or ealie dmsavdion in doat tp BAP
rbod te lef opaing Sgificatly. In medum corEnng KN 2 gt + BAP 02
myt hegt o ot wes 34t10om fdlowed by 3H04om in melum aridring KN
02mgl™* +BAPO5I ™. Thecktaon height of shoctisnat sigrificant sitistically.

Table 3A6 : Hfed o Kindin and BAP ambindionss an grouting, multiplication

and dongetion of themerigemsin adtyledonary nadeexplants

Frequency of || Av. no. of sh. Av. no. of Av. Ht. of Cultures

Medium response meristem / sh./explants shoot showing leaf
(PGR conc. in mg.I'!) %6) expl. (>1cm) (cm) opening

(%)
Mean+s.d. Meanzs.d. Meanzs.d. Meanzs.d. Mean+s.d.

KN 0.02+BAP 0.02 90.0+14.1 2.0+0.3 1.5+0.1 24+1.3 29.8+18.5
KN 0.1+ BAP 0.02 100.0+ 0.0 1.9+0.1 1.7+04 1.7+0.3 15.0£21.2
KN 0.2+ BAP 0.02 90.0+14.1 1.8+0.3 1.6+0.1 2.1+0.1 58.3+11.8
KN 0.5+ BAP 0.02 90.0+14.1 1.6+0.5 1.3+04 19+1.2 68.8+ 8.8
KN 1+ BAP 0.02 90.0+14.1 2.1+0.2 15+0.7 2.0+04 20.0+28.3
KN 2+ BAP 0.02 70.0+42.4 23+1.0 1.6+0.6 2.7+0.3 75.0+354
KN 0.02+ BAP 0.1 90.0+14.1 1.6+0.3 16+0.3 25+0.1 21.4+10.1
KN 0.1+ BAP 0.1 90.0£14.1 1.3+x0.0 1.2+0.0 24+04 450+7.1
KN 0.2+ BAP 0.1 100.0+ 0.0 2.2+0.6 1.7+04 1.5+0.0 20.0+28.3
KN 0.5+ BAP 0.1 90.0+14.1 1.8+0.6 1.6+0.3 1.8+04 28.6+20.2
KN 1+ BAP 0.1 90.0+14.1 1.9+0.2 1.6+0.1 2.3+1.0 14.6+ 3.0
KN 2+ BAP0.1 80.0+28.3 2.5+0.2 1.3+0.1 24+0.2 33.3+47.1
KN 0.02+ BAP 0.2 100.0+ 0.0 24409 24409 2.3+0.0 27.0+£22.5
KN 0.1+ BAP 0.2 90.0+14.1 1.9+0.5 1.7+0.7 25+0.0 22.2+15.7
KN 0.2+ BAP 0.2 90.0+14.1 2.0+0.3 1.9+05 22+1.0 18.8+26.5
KN 0.5+ BAP 0.2 90.0+14.1 2.6+0.3 1.8+0.3 2.5+1.2 12.5+17.7
KN 1+ BAP 0.2 80.0+28.3 1.9+0.4 1.9+0.4 2.0+1.0 20.0+28.3
KN 2+ BAP 0.2 90.0+14.1 2.0+0.8 1.3+0.1 34+1.0 7.1+10.1
KN 0.02+ BAP 05 90.0+14.1 2.0+0.6 1.6+05 25+05 0.0+ 0.0
KN 0.1+ BAP 0.5 70.0+14.1 21+0.2 1.8+04 2.2+0.0 8.3+11.8
KN 0.2+ BAP 0.5 90.0+14.1 1.4+0.3 13+0.1 3.1+04 24.3+ 6.1
KN 0.5+ BAP 0.5 90.0+14.1 2.2+0.0 2.1+0.2 1.6+:04 11.1+15.7
KN 1+ BAP 0.5 90.0+14.1 2.3+0.1 16+05 2.3t1.3 0.0+ 0.0
KN 2+ BAP 05 100.0+ 0.0 1.8+0.0 1.8+0.0 25+04 0.0+ 0.0
KN 0.02+ BAP 1 100.0+ 0.0 2.4+0.0 15+0.1 2.2+04 7.1+10.1
KN 0.1+ BAP 1 83.3+23.6 24+1.2 1.0+0.0 25+04 0.0+ 0.0
KN 0.2+ BAP 1 90.0+14.1 25+1.0 1.4+0.6 1.9+0.7 0.0+ 0.0
KN 0.5+ BAP 1 90.0+14.1 2.8+0.7 1.6+0.2 1.6+0.5 0.0+ 0.0
KN 1+ BAP 1 90.0+14.1 2.0+0.6 1.6+0.1 2.6+0.9 8.3+x11.8
KN 2+ BAP 1 100.0+ 0.0 2.2+0.3 1.8+04 1.9+0.1 0.0+ 0.0
KN 0.02+ BAP 2 100.0+ 0.0 3.0+1.7 1.7+0.7 1.7+0.9 0.0+ 0.0
KN 0.1+ BAP 2 100.0+ 0.0 2.3+04 1.1+1.0 25+1.4 0.0+ 0.0
KN 0.2+ BAP 2 77535 25+0.3 2.0:04 14+04 0.0+ 0.0
KN 05+ BAP 2 90.0+14.1 25+04 1.8+0.7 1.9+0.0 0.0+ 0.0
KN 1+ BAP 2 77.5+35 2.8+04 2.0+0.0 14+0.2 0.0+ 0.0
KN 2+ BAP 2 90.0+14.1 3.2+0.3 1.6+0.3 1.1+0.1 0.0+ 0.0

ANOVA NS Tr. NS NS NS Tr. S5%

BAP S1% BAP S1%

KN NS KN NS

BAPXx KN NS BAPXx KN NS

Daafrom 10redicates
Fom the eqaimets wih KN ad BAP sSrgy ad d in corbrdios it is

gpaaet ted BAP pas a dgificat rde in doat mophogeess from e edding



maigars o tamaind At hghe cooatrdion it induoes bud  mutigicsion  but  inhibits
doa dffeatidion ad lef opeing Hfedive cooatdios o BAP vay bawen 02
2 ng’. Keging tis in viewy, BAP in vaying conoatdios wes wsdl for teding
vaiauscatohydraesin tameind mophoganess

33A 22 Effedt of Carbdhydrates

Cabdydde & cabon sucee is oe o te impotat compomat o the pat
tisteadiremedum Suocseistemos commonly used cabon sueeintremeda

In cow pa (Vigna ungiculata L. Wdp eqeimat wes coduded with vaios
cabohydaes idwdng sooe  fudoee ad duoe  (Rdleyinesh, 197) o compae
thar influeces ad idaiify te ae whdh is Mot faodde far in vitro  pat
regeadion In peme o frudoe tsse govh wes love ten in sooe ad o
doa rgpedion ocooured Guooe induad a dmila repose & frudose prodwdng a
gdl aont o s witot ay oot dffeetidion  Thee reposs odd ke
epdred by te dffeet rdes paed by tee sgas in pat mesbdisn, sooe for
exarpe bangthemgar fominwhichcabonistrandocated intheplart.

The dfet o cabdydae patalaly te demcd onposion o te cabon
sue hes ben duded vay lite becae moe o te eie dudes drogy sggetad
te ' o swooe & cabn sue Reudion o in vitro agaogeeds fram Albizza
oot eqats by cabohydae suce modficdios wes rgpoted (Megtequi et al,  1998).
They domaved tet aooe wes mat gitdbe in te Albzza sgan whaess ndtog
ladoe ad xyjloe wee moe pogt PRdifedion ad goMh o adtues wes drogy
iMluenced by a0 @oatdios in the dudes on miagogpegdion o aldt
Swainsona  formosa  (Aes  1997). Sgificat  ingedios o oo conoatdios
with ofdinn wee dmaved fa  doa-hagt, bwonumbe ad  vige.  Sod-rumbe
inreesed  linely  with  incessng oo conoardion bath in presse ad in dsae
d BAP Hones, immopodion o BAP reduod  dogdion,  patadaly @& oo
wooatdios  bdwen 2040 gl Qidition o  sooe wih  fudee ad  guoe
imroved te govh o shen (Ska et al, 198) ad Swainsona galegifolia
(Emmeyartiet al., 1994) auitresregpedtively.



Sudes o

tt agae by o doos  devdopd
meium  apdameted wih Guoe 24 fdoved by sooe 26 (22t07).

saglng e@ats o tamaind with dffeet  cabdydaes dowved
in eh doatp eqpat was 26812 in

In bah c=s

wetdn o BAP wes 1 nglt. The dffeee in reyoe bawen sooe X% ad

guooe Dewesnot spificart seisically (Tebe3A.7).

Table3A.7: Effet of carbahydratesourceon ssedlingeqolant aultures

Shoot tip Cotyledonary node
Medium No. of No. of
PGR conc. in explants

¢ mgl?) tgﬂed Frequency Av.no.of | Av.Ht | ePlants " Frequency | Av.no.of || Av.Ht. of

of response shoots/ of tesed of response shoots / shoot

© Explant shoot © Explant (om)
Meantsd. Meantsd. (om) Meantsd. Meantsd [[ Meantsd.

Mean+
sd.

BAP 0.02+S2% 14 63.8+33.0 1.0£0.0 2.7£1.0 14 66.7+23.6 1.6£04 24+04
BAP 0.1+S2% 14 70.0£24.5 1.0+£0.0 3.6+14 14 86.7+16.3 1.9+04 26111
BAP 0.2+S2% 11 85.4+17.2 1.3t05 2.7£0.6 9 68.8+47.3 1.3+0.9 2117
BAP 0.5+S2% 13 66.7+11.8 1.3+05 2.1+1.0 9 62.5+47.9 1.6+15 13+11

BAP 1+S2% 14 58.8+31.2 2.2+0.7 2.3£1.3 14 65.8+29.9 2.6£1.0 1.8+0.5
BAP 2+S2% 14 45.8+41.7 0.8+0.6 1.7+1.7 14 66.7+23.6 25+0.4 1.6+0.3

BAP 0.02+Gl2% 14 68.8+37.5 1.0+£0.0 3.2+11 13 75.0£31.9 1.4+04 3.3£1.8

BAP 0.1+Gl2% 14 66.7+23.6 1.1+0.1 2.3+0.6 14 87.5+25.0 1.4+0.3 4.1+0.7

BAP 0.2+Gl2% 14 60.4+31.5 1.2+0.2 34+1.2 14 91.7+16.7 1.6+0.5 3.7£3.0
BAP 05+GI2% 14 81.3+37.5 1.9+0.2 1.9+0.8 14 93.8+12.5 1.8+0.6 25+0.7

BAP 1+Gl2% 14 77.1£315 2.6+1.2 1.6+0.3 13 83.3+33.3 2.7+0.9 22+11
BAP 2+Gl2% 14 59.6+£36.2 15+0.6 1.2+0.3 14 85.4+17.2 1.8+0.9 1.9+0.8

BAP 0.02+Fr2% 14 54.6+17.5 1.0+£0.0 4.0+1.7 14 80.4+14.2 1.2+0.3 45+1.4
BAP 0.1+Fr2% 14 80.4£14.2 1.3+0.7 3.3£2.3 14 95.0+£10.0 15+04 46+1.3
BAP 0.2+Fr2% 14 66.7+23.6 1.9+0.8 25+1.1 14 87.5+25.0 1.8+0.3 3.3+1.2
BAP 0.5+Fr2% 13 50.0+43.0 1.2+0.9 16+1.1 13 100.0+ 0.0 2.1+0.9 2.4+0.2

BAP 1+Fr2% 14 40.8+33.4 15+1.7 15+1.2 14 83.3+33.3 2.8+0.4 21+04
BAP 2+Fr2% 14 65.0+23.8 15+0.7 1.6+04 14 86.7+16.3 24+£1.3 1.6+£0.5
ANOVA - NS . s . s - . NS | T s . S1%
5% 5% BAPS BAP NS | % BAP  S1%
BAP S 1% cHo s BAP  S1% | cho s
1% CHO NS 5% cHO Ns | 1%
CHO NS | CHOXBAP CHOXBAP NS | CHOxBAPNS | CHOxBAP
CHOXBAPNS NS

Hovere the adyds hdligted tet te dfex o BAP wes badidd for the indudion
d noe numbe o dods pr eqat
Fudoe donvad  dill

less nurber o dods pgr eqat
BAP & love cooatdios (02 - 02 ng) dgificaty inoesd te hdgt o

In 4l

imlepive o te type o cabdydae usl
the cabohydaes teded,



doos wheess a hige cooetdios (05 - 2 ngY) limited the gt dongeion
(Fig 3ASABC). Futoe dogwih BAP (O0® nmgl') oooawdion dowed  the
madmum hegt o oot (4017 o) fdloved by 3614 an in BAP Q1 ngl’ with
aoee It is gpaat fram te dda tet in doa tip eqat et duooe 26 nor

fudoe 20 inpoves mophogeEic repose When aonpaed 0 oo 24 Thadag
noeweskant asthecabohydraesourcefar dl theramaning dudies

IMuee o wwooxe frudoe ad dJuoe in grading mutipiction ad
doggion o ayledoay node meidems wes ot Smila o te doat Gp (Tede 3A7,
Hg 3A9ABO. Dda on rurbe o doadedat ad doa legh wee ddidicly
dgificat Ardyss o te dda on oyledomy nodd eqais dow te  cabohydaes
pay a dgificat rde in gyouing ad doaggion o te nmaidardic  buds
Mutipicsion o doas is irflumoed by BAP. Guoose gpeas to be bete then sooe
for orouting and dongation wheress frudioseis il better then guoose

The bed at ed o te e@at (dodt tp o ayleaoay nodd doved e
anmut o s & te meda arfae The amout o g inoessd linesdy  with e
inceesng  conoatrdion o BAP  imepedive o te cabdydde wdl The amout o
s podusd in te mada cotanng duoose wes moe while toe with  frudose wes
leeet (Fig. 3A 9B).

33A23Subaulture

For muipicion of dods indbed fran the edding maiders o f@aind  two
mdhods wae gplied The aigrd eqat (fire mehod ae with node o rendting
groued ad dogeed (Hg 3A10. The dagged doat wes wsd et far roding o
for sbodtre In the soond mehod the dogeted doat wes at into 23 pers (eh
meeauing ~2am). Thepiecewith shodt ip dangeted ad wes used



A %

Fig.3A

FHg 3A8 Hfex do dffeat cabdyddes on oot tip eq@ats gomng in MS bes
medumwithvarying conoartraionsaf BAP.
Alprepas AF on the tbe hdde idcde 02 01, 02 05 1 ad 2 ngl
conoartraion of thegroath regultar.
(A) 2oan0ze(B) 2odune(C) Dofrudoe
Mae clusng in duoe fdloved by sooe ad frudoe on the eqais & te
regoninconiad of themedium



Hg 3A9 Hfedt o dffeet cabdydaes o ayeocay node
edats gonMrng in MS bed madun  with vaying
conoaraionsa BAP
Alpebes AF on the tbe hdde indcte 002, 01, 02
05, 1ad2ngl ™ conoantration of thegronth repuiatar.

(A) Zos.0we(B) 2odumnse(C) Dofrudoe

Moe g in duose fdloved by sooe ad
fdoe on e eqat & the rggon in coed of the
meellm



Fig.3A.10

Fig3A10A. Soond aop of shoat reisedl from the arigingl catyleconery node
eqdartinMShesd meduma pdemantedwith02mgl ™ BAPad
Zosace
Arrow dowstherarening besd pation of thefirg Soa
B. Idbdion o muide sods in BAP 1 mglm on dimindion of aoicd
domirencedueto thelbuming of theshoat tip,
C. Catyledrery nodeexpant howing buming of tipandindLdion of
mutipesinBAP1 g™



far roding o futhe mutigicdion The adllay buds in ths doa tp eqat
dd not grou de to gicd domneae exated by the edding ip The perss o adllay
nooes qroued ad doged to podue doas Gomh ad  dffeetidion o doos
wee dways asdded with poue clieng ad dadffeetidion & te ot ed in
anad o madun Ths eqats wih les then two nods codd nat be wsed Due o te
inhgat cdlleng reue o the edes pdifedion of oot ad poddon o muipes
wes harpeed Thes te doot altres codd nat be mandned fo moe ten foor
pessges  Vaios dfats to cotrd  ths  dadffeatgion revened fuile Cdlusng & the
beed ed o the Leucaena leucocephala eqaits in BARaridnng medum  (Dhanven
ad Bhgwei, 1989 wes noed edlie. The dggee o cusng wes dredly rdaed 1o
oo gomh In taraind sch cordadion codd nat be edddided sne sy wes
nt messred In ths tisse a la o cdweng wes dsavad in e besd potion o the
edais To aad te eqlfiing o te egdat by govh o s e wes ke ©
kegptheeqatstoamnmumszed & lest 23an

Sods infiged in 00205 gt BAP dhe in doat Gp eqat o in
ayeray mde dogged in e saame medum on ededsd  indion . Howess,
dagionwesfae inmedumwith lover BAP.

In some aldtres te tip o te ot tured bown ad readic In tee altues
mutpe codas infiged from te love nodes which dogged o shoos  This
preomaon wes naed in boh doa ip ad opedomay noe adires (Hg 3A10 B,
O. PRdifedion o doas fron te love mds wes de o dimeion o gid
domirenceby tipneacas

33A.3Roating of shoats

Mazaahes et al(1811987) hae danodraed tet a mixtiue o axins (AA,
IBA, IPA & NAA) & 1 ng’ exh wes reired for the root iniigion in the tamaind
doas Ths mahod wes wsed in or inid eqaimets with dods aigreed from the
doa tp ad te oyleray noe eqats Roding wes peoded by cdlisng & te
at ed o the sods pior o roat intidion in ligid MS medum with filter pgoer biicge
ad te root dogetion wes poar. Trada o thee doas with roat intids in MS  Hhf



degh medum with 025% adivded deaod dd hdp in doggion o roos (g
ALA). Wih tis mahod 60% o te ot tp ad ayeday noke daived shoos
ded in D ds whch wee tadered on hf degh MS bed  medum
spdemated wih 26 snoe ad 025% advaed daod fo fute dedogmat o
theroats

Sge axrs (AA, IBA, NAA) hae ben wed in @mgdid medum for roding
d in vito rds|d doas in de e geies Ohenven ad Bhgwen, 19865 Regwaa
Svary et al, 192 Nadwai, 196 Updi ad Dha, 1996 Bek et al, 19989. Hwd
ad Gld (19, 199 aheal roding in d te tamaind dods in g glled MS
medum  wih 1AA sSrgy. Sria et al(1998) wed IBA & 5d0° M conoatdion for
rooing the doos dddmnad via dred agaogeess in hypoooyl adtures o Tamarindus
indica. ThefreqLenoy of rodingwes 8P4

Ou ras (Tade 3A8 wee in crourece wih Jwd ad Gud (191,
1999). Al te doos roded in IAA 1 mglt in 45 das with 2 - 4 roospat having
agge roa legh o 4lan ad donmng ldads An e in te IAA  conoatrdion
o 2 ny* led o a deeee in roding patatae (A0%), amaE b o roosdat
ad te roat legh (g 3A11B). IBA & 1 mgl’ indod roding in 8% o te dods
donving 2 - 4 mogeqat haing 46am legh on an amae wih ldgds eragrg
at Risd led o [BA 2 ngl' ehbid 6% roding efidery. Thoagh 27
roaspat wee dsaved bt they wee sot ad suted (Fg 3A11C). The cdiing &
theaut edwesmareintremedumwith higher conoartraians of auxin

Table3A8: Effed of auxinson roating of $oats

% rading Av.nadf Av.leghdo
Auxins oolnc in P2y 08 V5% rootgplant rootsplant
mgl (@dayy (@09
(am)
IAAL 40 8 100 24 41
IAA2 0 0 40 2 12
IBA1 20 a0 0 25 46
IBA2 40 40 a0 27 1

Detafram 10reicates




Fig.3A.11

Fig3A11 Rodingdfin vitroraised shoat.

A. Rooed doa in MS madun apdereted with 023% deod  The
doas wee eqosd in axin mixue fo 72h piar to tade in ths
medun
Cdlusng noed inthebesd regonadf $oat near themediasuface

B. Riing o dods in IAA 1 ad 2 ngl". Limited root doggiion ir
higher conoatration

C. Ruding o <ods in IBA 1 ad 2 mgl’. Rodt dogion redrided ir
higher conoatration



Afte indidion o roding athe in IAA o in IBA, trade o doas ino Hdf
dgegh MS besd medun with 26 sooe ad 025% avaed daood, redided
cwsrg & te roa-dod judion (g 3A12 A B O ad apoted govh o dod
androct.
33A4Trande o plantstosal

On taglatdion o rooed doos intdly fo 67 das dl  pais savived
Gady te doods died w ad sbsypetly gt ifeded with fugs The fugd
infedion dweaysdated fromthegpex.

Aats rasd by roding the doat in axin mixue (Hg 3A11A) dd mt suvive
on tade t© Ll In ths pats de 0 hge s mess & te bes it wes nad dex

whdher the root dedoped fram te s o thee wes vesda comnedion  bawen
doa ad rot Ths wes do dmaved by Soia et al(1998) in tamaind ad Ddta ad

Data (1983 ad Data et al. (1983 in Dalbergia sissoo. The inavaing cdiis a the
besd ed o te 900 s piar to the roat infigion mey be the caue o low arvivd o
theseplantiets

The poor anivd o the rodted plats in <ol hed pronpted ts o tet IAA ad IBA
in g madun for impoved road sem which in m will gve inoessd suvivd e
FHwd ad GUdi (191) atied anivd o 7% pats roded in IAA. Sria @ 4.
(199 rgoted 7% anivd o pats roded in IBA. In cofrat to thee dbmvaion, we
atied oly 21% anivd o te pats (Fg 3A13. Thee pats wee rasd by
ididion of rods in agp medum artEnng 1 o 2 ngit IBA fdloved by tade o
MS medum with 02% daod. Matdty o tee pats wes pinaily de to
broaning fallowed by funggl irfedion

On ed@amnng te roat sdem of infeded ad dying pais it wes noed tet thae
wes vay poor o ro root gomh dte tadaring pat to <l It is peuma ta
teraind bang a dov gowing pat, te roat tkes a log tme to gov ad edddih in
l. Thedoe dee to asee o nuiton ad nodue from il, the pat oee o gow
adteleaesg infeded



Fig. 3A12

Hg 3A12 Rodig o doad in hdf dregh MS bed medum
apemated  with 050 dawd dg 4H5 e
preexoaureinalin:

(A) 1AA 1mgl™ @), IBA 1yl ad(©) 1BA 2mgl™
Retridion o cllung ad hety oo fomdion o
trandaring auxin pretrested Shoatsin dnarodl.



Fig.3A.13

Fig3A13: Sedingdaivedin vitro rasad pantsgoningingall.



3.4A CONCLUSIONS

Suling eqats doat tp ad oyleoray nodg repoded in adtue o gve
e to mutipde doas in BARP. In love ocowawdios doos dogded ad hed ooeed
laes The doa ip e@at gae rie to 22007 doods pg eqat while adyledonay
o egat gae fie o 26t10 dods pg eqat in BAP Inglt apdemeted with
26 oo Mutigde doos te gpeaed in doa tip eqats wee nadt de o
pdifedion o gicd meigen In boh doa Gp ad oyleoay node eqaits the
doas aigreed from te nodd meigems Hogdion o dod wes domved & 001
mgi® BAP cooatdions Fute  sppemeigion wih  vaios  cooatdios o KN
remained indffedtiveinindugng muttiplication and dangetioninthesamemedium

Roding o te exdsd dvodas wes atierd in 600 o the adtuess when a plse
tremat o axin mixue wes usEdl In peae d IAA o IBA, 8 1006 doos roded
Bu a snivd rde o aly 2140 wes aheed wen thee pats wee tadeared o
<l. P amvivd in <l codd ethe be de to lak o vesda comedion bawen the
doat ad rod, o de to tadet cession of rodt ad oot govh ad vay dowv roct
gowth ontrander tosal.

B : Clonal propagation from mature explants
3.1B INTRODUCTION

Joing o meue tes is pdarad o doing o anbyos o sdings bease
oten it is not posde o ddamire if thee eqat soucs hae te gadic poatid o
obdopthedesred quditiesleter inther lifecyde (Bonga, 1987).

Dired regggadion o dod popagtion is gaedy via bud adire o gid
maigam adtue The ldte gaady invdves aly te attd gicd dome o te doa,
pdeddy withok a fev lef pinoda Thee ae wsd far didnng dsese free dones
Cod poggtion via bud  adte indves the atie ndmetay  vegddive  dodt
Byat fo popagion is te doat node with the adllay bud Ths esres the gadic
unfomity d adoneasraganaaionisframedding maigem

Rgagd dod mutipicion / pooeggion from meue eqdats o tee  legumes
oud ke atiesd in Dalbergia latifolia (Maxaehes et al, 1982 Data ad Daig 1983,



Rgwaa Swvary et al, 1992), Leucaena leucocephala (Kukani et al, 1984, Dhaven
ad Bhgwai, 1985, Prosopis cineraria (Kakar e al., 1991), Dalbergia sissoo (Dawa
et al, 1984, Bauhinia variegata ad Parkinsonia aculeata (Mahur ad Mukunthekume,
199), Caesalpinia pulcherrimia (Ramen et al, 1993, Acacia catechu (Kar et al,
1998, ad Bauhinia vahlii, a legminos liela Oher ad Updi, 199). Raidaka Rd
ad Jydh Ceada (199 doved rgpadion o pates from dod cllis o meue
tressof Dalbergia latifolia,

Ths sion deibes the eqaimets codded to dadadze a poood  for
dod poegdion o taraind Wy e@ats fran neue tess The eqats for  this
sudy wereadleded fram thelocdly grown tress of tamaind

3.2B EXPERIMENTAL PROTOCOL

32B. 1 Preparation of elant

Vaddive gonth in te lodly gomn tamaind tess dats in Mach / Apil. The
floMeing dats adout 34 weks laa. In te e badh flove buks gper fram soe
o te ads ad vegdve gomh is noed in dhas (Fg 3BIA). The twigs which wee
hedtty dudy ad 34 nmm thk wee exdsd from te maue tee ad wee w=d &
sue d egat (Hg 3BIB). Thee twigs memred aout 1530 an The leess o
thee wigs wae at of with a dap Hak o gsas leing a srdl poton (ot 56
mm) o pdide dtedhed 0 the Wig © te the aillay bud is nma dameged Vay yauyg
buk a te tp o te wig wae dsadd ad te buk & te midde ad love patios o
the twigs waee usd The twig wes at ino 225 an perss (dgadng on te inemocH
dgad. Exh pex hed dled ae adlay nok ad a poton o inemocd  sgmet
Dired coted o the medum with the adlay bd is addd by leaing log (15 — 2om)
inemocebdow the bud

The ool bud eqats wee weaded thoogly with liquid ddegat ad axfae
daiizd g 01% wv Hgdr fa 10 mn Bxes HgO: wes revoed by repeted
weehingswith deile diilled weter under esatic conditions



Fg 3B1A : A braxhd tamaind treesoning bath flover budsand
rew vegdaivegonthintremonth of Apil / May

B: BExasdiwig34mmthick — sourced eqdat



32B. 2 Culturing of budsfar gorouting and dongation of shoats

32B. 21 Fant Groath Regulaiars

Bpats wee aduad in tes cotanng MS bed medum  spdemated  with
2 soce ad ofcdinins indwdng KN, BAP, Z 2P, TDZ dthe srgy (022 ngl)
a in ardrdgion © indbee bud bek in tem The cooatdios ad comdrdios o
FGRs ae indukd in Tdde 3BL The altuess wee ineed in ligt fo 4 weks
Numbg o hbuks domMg bud ek wee soad ad te frpay o repose wes
odamingdin pa@atage

Fdlovng the intd adtre o 4 weks te oued buks wee difted o
arepodng freh madun o sme aonposion ad coatdion (Tdde B2 far
futhe gomh ad dffegetidion, in ligt Nurbe o buks dowing dffeatidion  ino
doas with 23 mds ((1-2an in legh) wee soed ad fregery o repose wae
deaminad

In te sod eqaimat, o indoe bud bek ad doa dedgmat MS
medun with 26 sooe spderated wih KN, BAP ad Z & vaios aonogtdias
Q1 02 05 mg") wee uwed for aiuing the infd buk Qitres wee inobeed in
igt The rumbe o hubk dowing groding / bud bk, dogdion b dods ad
gaing 0 leaes wes soed ad frepay o repoe wes cdadasd Hagt o  the
dongeted shootswesdo noted

Foo fute rdinerat o te poosss MS medum with 26 sooe sypemated
with BAP & 01, 02 03 04 ad 05 ngl’ wes w=d for aituing the buks Quitres
wee inesd in ligt The same paardes reodd in te eale eqaimat wae
noted inthiseqpaimant too.

Ceaod is kown t© sppot mopogeess by dwsobing  inhbitoy  Suodtences
leeded from the tses in adire S iMflutexe d dacd on grouing ad dagdion
d buk wes teded by inopoding 022% dawd in MS madun  sydeveted  with
BAP(02ad 2yl ) and 2600 Quituresweareinoubetadinlight



32B. 22 Carbahydrates

In te doe epaimats with newe pat-deived egals 26 oo0E Wes
wd To ideify the googquide cabon ouce in tis epaimat oo wes  ubditusd
by fidoe duoose o nHice & te e coetdion (260, Al meda coidnad BAP
02 mgi' Qitres wee inbeted in ligt The eqaimet wes repeted trice  Nurber
o bus doning bud brek / gpouing rumbe o buks dogged b doos o hdgt
moe ten lom ad nnbe o doos wih oeed leass wee reodal Hegt o the
dongeted shootswesdo noted

32B. 23 Influenced pH

The mH eq@ats wee aitued in MS bed medum sypdemetad with BAP
02 ngi't a dffeat pH 58 60 62 70. The pH wes ajuted pior o atodaing of
the meda Qutres wae ineted in ligt The eqaimat wes rgeted twice sy 20
replicetes par tresment. Al the perametiers warerecordad ssin eatlier equaimants

32B. 24 Influencedf phatgperiad during inaubetion

Tre buk from nmeue tess wee adtuved in MS bed medum  ydematsd
wih BAP 02 ngi* ad 2 sooe The pH o the medum wes ajged & 58 pior
aiodaing Qutred hus wee inobeted in o dffeet ligt rejmes - 160 ad 2h
photopariod for 4 weeks Theexpaiment was conLctedl twice

Aftr the inoion o adtues far 4 weks te numbe o budks grousd in
aturewassoored Thefreouency of resporsewes odiaminad

32B. 3 Elongation of gorouted buds

The bus sroued in 02 ngi'BAP wee tadared o vaioss corhirgios of
KN 02 ad 05 ng/) ad BAP (2 ad 05 ng) for fute donggion of shods
Qitrss wee imoeed in 2h ligt Nuvby o eqals repoded in adtre wee
goad ad eqresd in paogiege The doa hdgt wes memued The repose wes
comperad with theresporseditained in BAPO2 gl srgy.

The dagped doos wee edsd ad wal for futhe sbaduing ad roding
eqaimat fdloning te mahod s for sading (Saion 32A23. Honvew  the



aigrd nod eqat dt exasng te doad wes redtrad on freh madun with  BAP
02ar 05mg!™ for afuther aop of dongeted shoat.

3.2B. 4 Roating of dongated shoats

The dogeed doos wee adtred on MS medum  sypemated  with  dffeat
arins IAA ad IBA & 02 05 1 ad 2 mgl' dhe sgy o in corbirgion & smilar
aowatdios The mada wee didfied wing 0”6 g Qitrss wae inodeed  in
light for 4-6weeks Tenrepicatesper tresmat wereusd

3.3B RESULTS AND DISCUSSION

33B.1 Prgpardion of elant

Srating o te tamaind buks wes iniged in te dd bomn dem / wig (Fg
B2A in te moth o Mach / Apil). De o te rogh afae o te woody twig o
peios Yy, Ufae daiizion mahos wee mat dfedive  Sibsquetdy bus  tE&en
in the moth of Apil / May fran the 34 nm tdk adivdy goning gen twigs (Hg
BXB), wae foud to be gpomide far dfedive arfae dailizdion for  etddidmat
o adre Thmg gen twigs dd nt anive the dailizdion temets ad  tumed
bomn The edsd nmoH sgmets o 225 an wae u=dl & eqat Bgats with
lessz laghtadto clusinadture

3.3B.2 Culturing of budsfar gorauting and donggtion of shoats
33821 Effett o Flant gromh regulatars

Smilr o sading eqals te nere epats wee d shjetad o dffaat
FGRs for bud grouing (Ag 3B3A) ad dorgion (Fg B3B). Bek et al (198
w MS medun  spdemeted wih BAP & 2 nglt  for rgwedion  ad
miaopopecetion of  adldt Acacia mearnsii, wsng cogdce megid. In ade o aiee in
Vitro veeive popecgtion from nere tee daived bus o Leucaena  leucocephala
(Lam) ceWAt, Drewan and Brgweri, (19686) used BAP 3A0°M.



Fig.3B.2

Fg 3B. 2 A: Maue ad bowmn dam / twig in te moth o Madch / Apil
dhoninggorouing of buds
B: Adivdy goning gemntwigs adledied inthemonth of Al /
May



Fig.3B.3

Fg 3B3 Smairg (&) ad dagion B o bd edsd from
metLrencoH bud eqlant dter 4wesksin adture
© B alred in meium witat FGR - (Alphebd
A o tke hdds) ad b aiued in pese o
BAP doning dod  dogdion (Alfebt B a
fLbehdda)



Odimum bud bresk (10009 ad doot mutipicion of 56 fdd wes afened Deafa axd
Dats (1985 domved tet in Leucaena leucocephala BAP 2 mg® indoed muiige (3
6 doos from adlay bud pimoda o exh eqat d 3D dys o adue
Miaooropection o Bauhinia  variegata ad Parkinsonia  aculeata fran nod  eqats
d mewre tee cud be ahied in MS medum spdemeted with 133" ad 89M

o BAPregpatively.

Maphoggic  dffeetidion o te eqats wes makaly ifluecad by the
rere ad onbrdion o govh regddos (Rbmen et al, 1993 in Caesalpinia
pulcherrima.  Thee resades doved tet BAP 45 + NAA 55  poduosd
madmum rumbs o dods (G8eqat). Kar et al (199 do domel tet madmum
oot mutipiicion (866 +171) wes atieed an MS medun faified wih BAP 4 ngl
! ad NAA 05 ng* dag wih ohe abives idwng adgine sipee axohic aid
ad duarire in Acacia catechu, A corbirdion of KN 05 mgi™ , BAP 1 mgi* , CH
50 mg' , cddun peiohede 01 nglt ad Ldin 01 gt wes s by
Maaetes et al. (198 for soat bud intigion in Dalbergia dssoo. Sifing the
pimay eqats cn KN 01 mg*, BAP 02 ngi’ wih cddum ad hidin 01 ng*
exh indbod mutie doot fomdion (3 doodeqaty. Kukari et al. (1984 usd
KN 02 BAP 03 cddum patdheete 01 ad hidin 01 ngl' to dddn muiije shoot
indlidion  from metue  tree daived bus o Leucaena leucocephala. In an atempt to
ahee in vitro mogropegion o die romwood  (Dalbergia  latifolia  Rodo),
Rgra Swary e a, 199 wa two meda Sodt aites wee inged  from
adlay sot buks in MS besd medum sypemetd wih BAP 1 nglt ad NAA 006
g while mutpicsion of te dods wes disred on MS (elcd Mo demety o
Woody Fat Medum sypemetsd wih BAP 1 ngl’ ad KN 051 ng’. Kake e
al. (19) oodd ahiee rgd in vito poegdion tvouh  adlay  bading o the
doos infed fom snje node sgmets fran aivdy  gowing badhes o die e o
Prosopis cineraria altred an MS medum arianing 3 ngi? of b Nathoxy aodic adid
ad NAA. In vitro reggadion o Bauhinia vahlii Wigt ad Amat wes adieed in MS
medum  gyplemaied wih 25 nM KN + 100 ngl* aknie sipee Oher ad Upd
199). Pdifedion, dot nurhe ad dod legh wee 5% 45 ad F mm
reoedtively.



Rdimnay eqaimats in taraind wee onduted wing  dffeat  oftddnins
ghe sngy o in combrdion fo groding o mawe tee daived adlay budks (Tade
3Bl. Hge pamiee d goung wes dmsavad in mdun with BAP dgy o in
aombrgion with kindin, zsin o 2P On tadering te buks in freh medum o sme
aompodtion, it wes gpaet te, te hget peoatage o buks dogding ino  dhoas
wee didned in BAP 02 ngl' whdh reod with inoesing concetrdios ad wes
e/enreﬂridedaBAPZmI'lﬁdjeSBZ).ﬂeqrajethbddrUgoNfuﬂHin
dme d BAP (Hg 3B Bub alrad on MS medum dedd o ay gowh
rglanos doved 714% groding (Tdde 3BL) bu tey dd mot doge & dl in this
medun een dg adtuing in freh medum (Tdde B2 Thee wes o dargin o
groued buks with KN, 2P ad TDZ sngy. KN in corbireion with Z (@ lone
watda), 2P ad TDZ Z ad 2P in conbirdion wih TDZ (oe 05 ngl?);
anbreion o hge omatdios o BAP with Z 2P ad TDZ crbrdion o
hge ooatdios o Z ad 2Z2Pwee dthe indfadive o magrdly dfedive in
upparting dongation of thegorouted buds



Table3B.1: Effett of different oytakininssngy or in combination on Tamarind

maturebud gorauting
Medium . No. of buds No. of buds Sprouting frequency
. - 0,

(PGR conc. in mg.l™) Cultured Sprouted (%)
KN 0.2 11 10 90.9
KN 05 10 9 90.0
KN 1 11 10 90.9
KN 2 11 9 81.8
KN 0.2+BAP 0.2 11 11 100.0
KN 0.5+BAP 0.5 11 10 90.9
KN 1+BAP 1 11 9 81.8
KN 2+BAP 2 11 8 72.7
KN 0.2+Z 0.2 10 7 70.0
KN 0.5+Z 0.5 10 10 100.0
KN 1+Z 1 10 8 80.0
KN 2+Z 2 10 10 100.0
KN 0.2+2ip 0.2 11 8 72.7
KN 0.5+2iP 0.5 11 9 81.8
KN 1+2iP 1 11 10 90.9
KN 2+2iP 2 11 9 81.8
KN 0.2+TDZ 0.2 11 5 455
KN 0.5+TDZ 0.5 11 4 36.4
KN 1+TDZ 1 10 2 20.0
KN 2+TDZ 2 11 3 27.3
BAP 0.2 11 11 100.0
BAP 0.5 10 10 100.0
BAP 1 11 10 90.9
BAP 2 11 9 81.8
BAP 0.2+Z 0.2 10 10 100.0
BAP 0.5+Z 05 10 10 100.0
BAP1+Z 1 10 10 100.0
BAP2+Z 2 10 9 90.0
BAP0.2+2iP 0.2 11 9 81.8
BAP0.5+2iP 0.5 11 11 100.0
BAP 1+2iP 1 11 11 100.0
BAP 2+2iP 2 10 10 100.0
BAP 0.2+TDZ 0.2 11 9 81.8
BAP 0.5+TDZ 0.5 10 7 70.0
BAP1+TDZ 1 10 9 90.0
BAP2+TDZ 2 10 8 80.0
Z0.2 10 8 80.0
Z0.5 10 8 80.0
Z1 10 7 70.0
Z2 10 7 70.0
Z 0.2+2iP0.2 10 8 80.0
Z 0.5+2iP0.5 10 9 90.0
Z1+2iP1 10 7 70.0
Z 2+2iP2 10 7 70.0
Z0.2+TDZ 0.2 10 7 70.0
Z05+TDZ 0.5 10 5 50.0
Z1+TDZ 1 10 2 20.0
Z22+TDZ2 10 4 40.0
2iP0.2 10 5 50.0
2iP0.5 10 6 60.0
2iP1 10 7 70.0
2iP2 10 8 80.0
2iP0.2+TDZ 0.2 10 6 60.0
2iP0.5+TDZ 0.5 10 0 0.0
2iP1+TDZ 1 10 0 0.0
2iP2+TDZ 2 10 0 0.0
TDZ 0.2 10 7 70.0
TDZ 0.5 10 2 20.0
TDZ 1 10 8 80.0
TDZ 2 10 4 400
MS 63 50 71.4




In Ime o te combrdios d adllay budks repoced by groding whaes in

e the repoe wes poar. At ths dege it wes ot dear whether the gorouied bud will

dffeatige o ot o aly 0 lef. Althouwh te dda wes @ codwsve to  idatify

ay patoda ofckinn gy o in comdrdion bt some o te gawd domvdion
wae

() TrebudbrekinMSmedumdaad o FeRswes 71%

() BAP & lom ocoatdion et sngy o in combrdion hed postve influece an
bud breek and rauting

(i) KN adZN insome.comhiretiansfavored bud bresk.

(iv) Sorauing inpresance df KN isin high fregquency but theshoat gomhwas na
Migorous

(V) 2Psngy did nat acoeniuete bud bresk.

(vi) TDZ nather spported gorouting nor differentiation.

(i) Woud asdded clilsng ad cisng on te safae o te eqats in arad o
medum wes frequat in tamaind tses Ths dfed is minmd in adtues gomn in
presced KN andmadmuminpresae of TDZ sngy arincombiretion

ThesedomvetioscandobessninFg 3B4,5.6,7.

gmile © dhe woody leumes gomh o traind tsme in adue s dow
Thedoe dtg inbeion fo 4 weds aly b bek auid ke atiesd bt tee dd mot
dffeeiige ino sodt dogh ome aites dow lef  dffestidon On adting o
goued buks in frsh medum dl bk dd mot diffeetige o dods (Tdde  3B2)
e ik e e 0 a l ad a fev died ad depedal Te e o us
Joning shoot fametionwith o to threenodessweresoore,



FAg B4 Axlay bus aitred in KN 0220gl
gy o in covbrdgion with BAR, Z 2F
ad TDZ a smilar conoairdias



Fg 3B5 Aixllay bus aited in BAP 022rgl'  smgy
a in combrgion with Z, 2P ad TDZ & dmila
conoatraions



Fg 3B6 Axllay bus aired in Z 022mgl" sgy o in
comangionwith 2Pand TDZ & smilar concatrations



Fig.38.7

Fg 387 Axlay buks ared in Jp 0220glt sy o ir
artirdionwith TDZ a Similar conoatretions
Axillay buosaituredin TDZ 022ngl ™.
Axillay buosaturedinmediumwithout FGR



Table B2 : Repne o grated buds on adturing in freh madum o same
compastion

Medium (PGR conc. No. of sprouted buds No. of buds elongated to Frequency of response
. 1 cultured shoots (%)
in mg.l™)
KN 0.2 11 0 0.0
KN 05 9 0 0.0
KN 1 10 0 0.0
KN 2 10 0 0.0
KN 0.2+BAP 0.2 17 3 17.6
KN 0.5+BAP 0.5 16 1 6.3
KN 1+BAP 1 19 0 0.0
KN 2+BAP 2 16 2 12.5
KN 0.2+Z 0.2 5 0 0.0
KN 0.5+Z 0.5 7 0 0.0
KN 1+Z 1 8 0 0.0
KN 2+Z 2 7 2 28.6
KN 0.2+2iP 0.2 10 0 0.0
KN 0.5+2iP 0.5 10 0 0.0
KN 1+2iP 1 6 0 0.0
KN 2+2iP 2 9 0 0.0
KN 0.2+TDZ 0.2 6 0 0.0
KN 0.5+TDZ 0.5 5 0 0.0
KN 1+TDZ 1 7 0 0.0
KN 2+TDZ 2 6 0 0.0
BAP 0.2 11 4 36.4
BAP 0.5 10 2 20.0
BAP 1 11 2 18.2
BAP 2 8 1 12.5
BAP 0.2+Z 0.2 10 2 20.0
BAP 0.5+Z 05 9 1 111
BAP1+Z 1 9 0 0.0
BAP2+Z 2 10 0 0.0
BAP 0.2+2iP 0.2 9 0 0.0
BAP0.5+2iP 0.5 10 2 20.0
BAP 1+2iP 1 10 1 10.0
BAP 2+2iP 2 10 0 0.0
BAP 0.2+TDZ 0.2 10 1 10.0
BAP 0.5+TDZ 0.5 8 0 0.0
BAP1+TDZ 1 10 1 10.0
BAP2+TDZ 2 10 0 0.0
Z0.2 14 5 35.7
705 10 2 20.0
Z1 11 2 18.2
zZ2 15 4 26.7
Z 0.2+2iP0.2 2 0 0.0
Z 0.5+2iP0.5 2 0 0.0
Z1+2iP1 1 0 0.0
Z 2+2iP2 2 0 0.0
Z0.2+TDZ 0.2 2 0 0.0
Z 0.5+TDZ 0.5 2 0 0.0
Z1+TDZ 1 1 0 0.0
Z22+TDZ2 4 0 0.0
2iP0.2 3 0 0.0
2iP 0.5 2 0 0.0
2iP1 6 0 0.0
2iP 2 7 1 14.3
2iP0.2+TDZ 0.2 6 1 16.7
2iP0.5+TDZ 0.5 1 0 0.0
2iP1+TDZ 1 4 0 0.0
2iP2+TDZ 2 3 0 0.0
TDZ 0.2 5 0 0.0
TDZ 0.5 0 0 0.0
TDZ 1 4 0 0.0
TDZ 2 6 0 0.0
MS 49 0 0.0




Fom te repone o the goroued buds adtued in vaioss oytddning it gopeared
e BAR, KN ad Z dg9gy o in avbrdion ae faodde for goouing ad
dffeetidion o meuwe buks Thadoe the fdloning eqaimet wes caied at 1
dqwy the dfed o tee three otdkinmes on freppey o groding ad  dogetion
argaedoa haght and frequency of adturesshoning leef differartiation.

The meda aoianng BAP domvad hged gooding o bus & compered 00 KN
ad zZ Tre figey o aites dowing dogdion wes hige in BAP 0105 ngl” @&
aompeed to KN ad Z & dmla cooatdios ad do compaed o MS kel madum
(Tdde 3B3. In BAP 05 ngl’, the frey o repone wes BEI74 % Howes
the dffeee in repose wes not dgificat amog te BAP coatdios The doat
hegt is do smila in dl thee cocetdios (Fg3BS8A). The dods in BAP 01 ngl
! dpnveimadmumbegtd 1402an

Table3B.3: Effed of Kinetin, Banzalaminopurineand Zestin on grauting,
dongetion, and lesf openingdf maturebuds

Medium Sorauting Cultures Averagedhaat Cultures
R frequancy dongatedt* haght* showing lesf

conc,in ©9 ©9 @n) Qpening
mgl ™) ©9
Men+sd Mentsd Men+sd Mentsd
KNO1 &H7+153 101+:47™ 11+01%® A4:282
KN 02 860+-87 38t34 07+06%* 418205
KNO5 | 900+100 52+50° 07+06™" 4504388
BAP0O1 B0:87 271+122° 14+02° 2374151
BAPQ2 %6.7+29 D5+124% 11+01% 192+123
BAPO5 %6050 B7+174° 11+01%® 109+ 99
Z01 833+104 21+36° Q7+12% 265151
202 8L729 00+00° 00+00° 4171
Z05 00+87 18+30° 03t06™ 4974372
MS 90050 00+00° 00+00° 435+372

[ ANOVA ] NS | s ] S NS

Daafrom 60 replicates

* Smiler letersindcetethedetaisnat Sgnificart

Tre imee wes mt dggificatly dffeet from thoe daaned in KN (OR05 mg]'l),

BAP(02ad05nmglt) adZ a1 ngl™ butitwessgrificantly differert




Fg3Ba8: (A) Srrouing o budsand $oat dffaetiation in medium contaning BAP.
Alprebet AC ontLbehddarsindcate 01,02 and 05 gl of BAP
(B) Srouting of buol soning leef qparing inmedium aortairing KN
Alphebet AC antubehddasindcate01,02ad 05 Mgl of KN,
(© Srauing o bud fowing leef goaninginmedum aonianing Z
Alphebet A-Contubehddasindcae0102ad 05 gl of Z.
(D) Srouting of bud $oning lesf oparinginmedium dasid of FGR

Only inmediumwith BAP oot dangetion wes notsd wheressin aher oytokinins
andinmediumdavad of FGR leavesopened diredly without doat differentiation.



fom Z (02 ad 05 ngi') ad MS bed madum In e o paogtae o adires
doning lef ooaing BAP donved a dooese with inoesng  coatrdion Mae
numbe o doos dovad gEing O leaves dredly in adiuves gomn in KN, Z o emn
MS besd medun ([HgBEBCD). Tre dgee o geig o leves vaid (dg a
quitstive traf). The rere o led opaing wes o wo typss In ae the soos dogeed
ad its leves gl In ahe, the doat dd nat dogee bu te lef o te bud g
dredly, asinthecasedf MS(Fg. 3B.8D).

The dda ggaasd fran te egaimat coduted © rdine BAP  conoatraion
(Te B4 dows te frqpery o bus goding in medum dedd o goath
rgldor is 8% It el b B9 in meda wih BAP 0105 nglt. Pemte o
BAP wes esatid far dffgatidon o bud o fom ot Mae nnbe o huk
@7820 %) doped Mo dods (Fg 3B) & BAP 05 ngt. Opimum oot
hagt o 14t03 an wes do0 ahed in te sme medun Altowh te bd in te MS
medun dd nat fom soat bu dffeetided ino lef dredy. Thee leves wae fuly
opeed in 4% o te alue The leaes o dods dffgetiaded in meda cotaning
BAP wee m@ g in d te aitres Anog te BAP aodnng meda ghimum e
gaingwesssminadturesgoanin BAPO2 mgl g

Daa ggedad from the eqaimat o

iMuaee o vaias abdydds o

meurebud auturedemorgrate thet frepuancy of meturebuds grauinginauitureis

Tale 3B4 Effex o dffeet BAP onoatraioss on paoat repone o rauting,
daonggtion, shaat heght and lesf gpening of maturebuds
Medium No. of Sprouting Cultures Average shoot | Cultures
(PGR buds frequency | elongated height showing leaf
conc. in inoculated (%) (%) (cm.) opening
mg.I™") (%)
Mean +sd. | Mean + s.d. Mean + sd. Mean + sd.
BAPO0.1 62 93.6t5.5 10.1+ 4.9 1.1+0.2 26.1+ 6.7
BAPO0.2 61 93.4+3.0 26.0£12.5 1.2+04 39.6:26.5
BAPO0.3 62 95.3+4.6 | 37.2+20.6 1.4+0.3 30.4:17.0
BAP 04 61 95.0:5.0 25.8+19.0 1.2+0.2 17.0+18.6
BAP 05 64 92.5t4.3 37.8+22.0 1.4+0.3 12.3t16.9
MS 63 82.8t3.9 0.0+ 0.0 0.0+0.0 43.0+35.6
| ANOVA S NS S1% NS
33B22Effat o carbahydrates




Fig.3B.9

Fg3B9 : (A) Diffegtigion o adlay budks to fom dods in pese d
BAP.
Alpebds on tbe hddas indcte sid ocooatdios o  BAF
(0102030405 mgl™). The lat twbe ‘F is dodt in medur
devadd FGRinwhich lef opaned diredtl.

B) Hfed o cabdydde 9ppdemat on Froding doggion ac
lef qoaing o meue buks adtued in MS besd medum  wit
02 nmgi" BAP Alpebds on tbe hddes indcae dffeet
cabdhydaesa 26
‘A -frudoss ‘B’ -guooss'C -meitoss ‘D' -auooe

© Hfet o meda pH on groding doggion ad lef goaing d
mere bus aftued in MS besd medum with 02 BAP at
e P Apeds on tbe hddas idcie meda  pH
smidly (56,60,62,70).



optimel
fidos duoe o nmHioe o

in maeddum  with sooe (Tdde 3BH. SQidittion o sooe  with

dmla onatdion does mat de te  frepey

sgnificaly. Howeve the frapeyy o doat dogdtion wes 724815706 in peae o

dJuoe
Table 3B5 : FEfed o, Fudoe Gluoe Mdioee and Siooce o rauting
daonggtion, shaat heght and lesf gpening of maturebuds
Medium Sprauting Cultures Awae Cultures
(PGR(I_I;C frequency dongeted dhoat haght || shoming leef
inmgl ") () (>lam) @n) Qpening
@ @
Men+sd Men+sd. Men+sd Men+sd.
MSHBAPQO2
e 2% 533t289 3B1+393 08+08 286286
MSHBAPO2 800150 7244157 16+04 71744
+3Qwe 206
MSHBAPO2
Mt 2% 533+306 00+00 00+00 28+48
MSHBAPO2
+95 Y% 683+29 36888 11401 203+13
| AnovA | NS | S | s | S1% |
Deafrom 80 redicates

foloved by BP0 in frudoe ad B8 in wooe The e in frauay
d repose by gbdiwing swooe with duoe wes dgifical  Mdtoe wes  indfedive
fo dogdion o doad ad fomed leaves dredy (Fg3BMB). Mdiose irhbtd the
dogdion ad geing o leaess Ben fo lef goaing duoe wes mot dfedive In
TLHA%% altres with duoss te leass queed The frpey o lef qpaing in
duoe wes dggificaty hge ten swoe Ths  indces te  vaidion o
cabohydae dd mat irfluece te frppuey o groding of bus bu  sibdition  of
sroewith guoosedd syppart frequency of doat dongetion and lesf gpaing

33B23Effet o pH

Taraind tses ad leaes ae U 0 e thedy indcing tet the tse is
adc in e S it wes peumed te hige pH o te medum in whidh the buks ae
alred My hae some dfed on tar groding ad doa doggion Hovers the dda



(Tdde 3BO, ad figee FHYBXL) des Mt dow ay dggificat  dffeas  with
vaiaioninpH of themedum
Table3B6: Effedt of pH an gorauting and danggtion of maturebuds

Sorauting Cultures Awlaae Cultures
pH frequency dongated shoat haght doning
) (>1am) @) |esf
@9 Qpening
()
Menzsd Men+sd Menzsd Men+sd
58 775106 09270 11+00 PoH01
60 &85+35 151+ 36 13103 1000+00
62 75000 100+47 11+02 1000+00
70 725106 14.7+119 10+00 66./+471
L aoma [ N [ N ] ns | NS |
Daafrom 40 redlicetes
33B24Hffett o phatoperiad

The aldies inueed in 240 poopeiod donved hge freqey o goauing
(@406 % e mpaad to 16h poopiod tus indcding a posbe ned for hge
light repuiremat (Teble 3B.7). Honvever thediffeacewas nat sgnificant detisticaly.

Table3B.7: Effett of phatgpariod on orautingdf maturebuds

Fhotopaid Nadf buds Nodbuds hrating
inoculated Jorouted GI};ZW
Mentsd
16h 20 1% 676+130
2h 18 177 80406
33B.3 Elongetion of orouted buds

Ealie ddes (Maxaehes etal, 198) devogrded tet combirgion o KN
ad BAP wess bedidd fo grouing ad doggion o taveind adlay bukTo tet the
rde & KN ad BAP in comargion on daxgion o dooas te buks grousd in 02
ng BAP wae tadared t0 medun  covbirdios  cotdning  dffeet  conoatraions
od KN ad BAP Dda (Tdle 3B dons tet not o the sgraued buk doged in



BAP 02 g’ srgy fdloved by te covbirgion of KN 02 ngi* ad BAP 05 ng™
In te medum wih BAP 02 nglt te amap hdgt o te doos wes 2316 an
Wheess in medum aortaing KN 02 ngi™ + BAP 2 g’ the shoos ataned the
ofimum  hdgt 26:14 an Sypeneing the intd medum wih KN 02 mglt dd
ot inoee te gt Sgificatly. Futhe evidmet o te medum dthe wih KN
05 ngi' o with BAP 05 ngi' wes imibtay ad te higis o te dods wee
goificaty love in tee wo meda Howes, in te medum with KN ad BAP bah
& 05 mgl’, doggion of dods wes Smila 0 the medum with 02 mgl™ BAP srgy
a in corbrgion wih KN 02 ngiiTHs apgess tet BAP 02 ngit is opimum for
shoot dongetion

Table 3BS8 Effex o Kindin and Bawlamingourine 1in ambingion o
differentation and dongetion of budsgorauted in BAP02mgl
Medium No.dof No. of Cultures Heght o
explants explants dongated
PR @l ogiaed | dongpted 7 $00ts
inmgl ™) Mesn=sd, @)
Meantsd
BAPO2 46 >H 729148 25+16
KNO2+ 47 K] 634374 26+14
BAPQO2
KN 05+ 49 3 674266 18+08
BAPO2
KN 02+ 48 B 676:231 17408
BAPQO5
KNO5+ 47 3L 6b5t289 2311
BAPO5
| ANOVA NS | S1% |

The dongated shoots obtained from different experimenta batches were excised

and used for

further subculturing or rooting experiment while the origina basal explant when cultured on fresh medium,
showed sprouting and elongation of a second crop of shoot (Fig. 3B.10). This regponse was not very

consistent.



Fig.3B.10

Hg 310. Hoxgion o a sood agp o doot dedopd o
readting o te aigrd eqat &g exdson d
the dogged dot Anmow idctes te pant d
exasondf dangeted shoat.



3.3B.4 Roating of dongated shoats

IAA ad IBA dte dgy o in amdrdion wee indfedive for indgion o
roding, in the dods @ te ed o 4 weks o indion The doos wred boan ad
died dof. Fev dods goning in IBA Ingl™ srgy ad in IAA 05 nglt + IBA 05
mg' wee gen ad had lile whish clis & te bed at ed Tadanng thee
doos o hf degh MS bed meium sypematad wih 029% ativaed dead  dd
ot gppat root indudion At the ed o 15 das o roding wes chsaved ad te dods

died

3.4B CONCLUSIONS

Taraind adlay buks oleted & patioda tme o te year from the gadfic
rgon o twigs goted when adtued in MS bed medun dedd o PGR  ad
atdanng 2 ook The repose wes dilaned when the adturess wee inuoeted  in
igt Ths repoee ocodd be eteod by, sypdematng te medum with BAP 01-05
mgi>. Lope poopgiod ad duoe in pae o aooe wee faodde for srouing
ad dffegtidion o te buk Cdileng wes mied & te at ed o the eqais in dl
te aitues wth o witow PGR indcting cdlogeic rdue o the pat Hfats to
induoe heelthy roatsin these shoats remeined unsuocessful.

Fan te rmits o te epaimets condwded to dandadze a praood for dod
poecgion fram meture treedaived eqats it is goparat tet BAP pas an importat
rde in indudion ad dffeatidion o the doas fron the edding meidems Guooe is
bedidd for dopgion o ot ad lef oguaing ditough g is e in
thee adtres Hovevrer ths mahod o maogoopecgtion will nesd  futhe rdinamat for
rgpid propegetion o dites



C: Micrografting
3.1C INTRODUCTION

Micoydting cosds o gding o a doa gex from a door pat o a
maodoadt oato a youug pat gown in te getosshussy o oo a degitasd
sgling uda agic govh oodios (red 1986  Micogdting hes  ben
aoesduly gpied in te podudion o vinsfree does o dis (Muaige et al,
1972, pdadio (Abousdim ad Matdl, 1992) tise adie rgEEals in dius
(Peyde et al, 199, ta (Rakeh et al, 199, ad aton (Lw ad Godd 199
Bagjee et al, 2000. Migogding tedmiquss hae do ben uwed in te reomy o
puzive trandfomets in gan legumes like Vicia narbonensis (Hdad et al, 19%) ad
didpea (Kidremuty et al, 2000 Roat fomeion ocodd nat be inded in the
smdicarbyodaived mutide doat does o Vicia narbonensis  (Hdkad et al,
19%). Smila dmsvdios wee do mek in te mutpe doat from mewe s
deived erlbryss o Cicer arietinum (Kigremuty et al, 200. A mga pddem
asddad with seic eroyogeess is poor covason 0 pdais The  arbyo
dffgetiged from edogem s o Citrus grandis dd nat dedop to the
dotyledonos dap The edogam cdils o Citrus  sinensis  poduoed  diaotyledonous
ertryo, whch dedoped oot bt nt roos Corpede pats weae etdided by
maogding o te doos oo the dpod rootok sding (Gmte et al., 1990). In
e o te kwi frit moogding doteed te tme reired for tade o in vitro
daived kiwi frit pats to te fidd (Ke et al, 1998). Duing resach on rgwedon ad
doing Rimen ad Timmis (199 ahead eddidmat o juailelike  doa
adtres ad pates from 416 yexr dd Dagss fir (Pseudotsuga menziesi  (Mirb)
Fao) ftes wng in vitro gding tedniges Miaogding hes ben usd o
rgweee pats by gding o doat tps from nmere pats oto jwaile roodoks &
in Spoa (Heg e al, 199, Heea (Raiin et al, 1994, Avocab (HigpAffao ad
Muathige 1987) Hdatio (Bagdi ad Aldesn 1989) ad Acacia tortilis (Fok)
Hare Sbp. raddiana (Sai) Breen ([Derez, 1994). Jlirait (1992 gdted sondic
enryos o dis on  lyedd Citrus volkameriana Ten ad Pay  ssdings
Micogdting hes do fallitled te sy o the hiddoged reue o gdt wios
(Abousdim and Martel, 1992, Gehardt and Gdcboedh, 1988).



3.2C EXPERIMENTAL PROTOCOL

32C.1In vitro grating

32C.L1Prgoaration of sion

The sding eqat daived doos wsd far s eqaimat wee poded fram
dffeet eqaimats o KN ad BAP medum ad BAP 2 ng' spdemetad with
dffeet cabdydaes dte pdoged inokeion The dogged doat aove 3 an
daaned et from oot ip o fran te oyledoay ok epats o the ssdings
wee edsd ad wee idatfied &8 doa Gp eqat Hogded doos o moe ten 56
an wes at ino 23 peres t dian ae dod ip o 3 an ad ae o 2 pess (o
sgmat) o dot 3 on Fes o doas witot doa Gp hed 23 nods ad wes
idetfied & nodd adings Nexr the bee o the doa gpodmedy 05 an legh wes
at in aget o hae a tgEig ed o asre good coiad with roodok ad  clusng
framthewound Thusthesaionwesreedy.

32C12Preparaion of raatgodk

In vitro dak gown 1015 days dd slings wee degiteted dbot 3 an aove
the roo-doat jant saved & roodoks It wes emued tet thee wes o dod maidem
intherootock.

32C13Prosdurefar invitrografting

A logtudrd dit ot 1 an dep wes meck in the cate o te at ed o eh
roodok with a dap bade dpped in IBA 20 mg / 100 ml guion The bed ed o te
gion with wouded ddes wes d dpped in IBA sduion ad wes inmted ino dis o
the roodoks in a mamg, © ta the iIme at sufae o te roododk ad wouded
g fee o the gion wee in dred aoadt The gdt wes tadarad vaticdly in
altre batle cotenng MS bed medunm with 26 sooe ad 0% ag. Bdoe
daing the botle the sdon wes adused caduly oe agn to ewre te te woudd
arfacss ae wdl in coat The adtue baes wae heded caduly theedts to aod
dduhingthegdt.



32C 14 Cultureconditions

Al te gdis wee inubeted @ 25t2C udg 16h phoopgiod o ligt  inteity
16.ENT s*. Obsaveiorswerenoted fter 45 daysof incubetion.

32C.15Higdagy o thegraft union

Higdogcd dudes weae caried ok o cofimm the gdt uion Abok 1 an layg
sgmat o te gdt-uion o a BHBdy dd gdt wes exdsd ad fixed in FAA (fomrdin
dadd adic aid : dadd : @ 5590 by wdure far 48h & room tarpadue TiSes
wee dhyddedl ad erbedd in padfin aoodg © Sema ad Sama (1990,
Sgid stios 810 pm wee af Wy a Radatlg 260 rday miaoome  Soias
wearedoublegained with heametaxylineeosn and mournted with DPX (LdoaCharie).
32C.16Hardeningd thegrdfted plants

Gdted paits wee caduly removed dte 80 das from the bolles Rods wee
weded toogly t©© remoe te aaing medun Hats wee teed with 1%
fugdde ouion Baidin fo 5 mn ad tadered t© dgosbe padic pos
atdanng a mxue o atodaed slssd (1) The pas wee kgt in a das darbe
ad oowael wth a das ded 0 mnmz los o masue The dearbe wes kgt &
BC in ligt inedty o 3PE n’s' ad 16h pogeiod Thee gefted pats wee
inemittetly grayed with 1% fugdde <duion Baidin ad inigged with daile
wae twice eay wek ad wae gppied with the ruriat <duion (U110 oconoantraion
d MS mga ds + ful mnor sty oe a wek fa D das Thee pats wae
adimeizad by remoing te des e oove for inoengy ededd peicd o time
eth dy fo adhe D days The edided ad goning pats wee taderad t
genhoe

32C.2Ex vitrogdfting

32C21 Proodurefar ex\vitrografting

Roolre for ex vitro gdting wes dmila to in Vitro gefing exogt in ths the
salings uad for roodok wee gamireed in the pat dredy. Soos wae pepaed
aoxdng to sdion 32C11 ad roodok eoodng to sdion 32C12 Roodue  wes



aodng o 32C13 The gds wee imueed in ligt fo 6 weks Fdloving whdh
trepansweaetrandaradtothegeathouse

3.3C RESULTS AND DISCUSSION

Sudes on miagoopagion o Prosopis  cineraria doned tet tough 8% o
te doos roded oly 3% oodd be anived on tagdatdion (Kake et al, 1991).
Tre doos o Albizza spp. ddadred via de novo agenogeness from hypoooyl  eqdats
(Tomer ad Guta 1983) dd mat readly fom avatios roos — Afte sbadting on
IA A IM VL% roding codd be ahesd Lak o dfidet roding mahoks (0%
rooing with IBA S00ppm) for the miaopopeggion of  cahean, prompied Des et al.
(1996) touse Agrobacterium rhizogenes tresmeant to adhieve 80- 906 rodting effidency.

To spdemat thee tedniqes in vitro ad / o ex vitro gding mahods cn be
wd fo reovay o pais from in vito rdasd doos The mahod mey find s
goicioninrecovay of putivetrandomed repenarants

33C.1In vitro gating

As denibad in te preioss sdios o this dgte, roding codd be induced in
te tamaind shods mutipied in vitro, but anivd o thee rooed doos in sl wes
poo. To ovewome ths limitdion miaogding o doos wes canied ou uooesuly.
The doas wd in s eqaimat wee tken fran te altrss gomn in MS  besd
medun, with vaying comatdios o ofkines ad / o dffeet cabodyddes After
1 wek gnme doos tumed bown ad wited Ths indcaed tet the get wes rgeted

Ths coud pimaily be dee o lak o ocoad bawen the carbid e o te <don ad
therootdiock.

Sias whch dd nat wit o tun bowmn ad dowved dogdion o te gicd pat
withn a fev days o adtue in meda wae coddeed 0 hae efddided gdt wias
Cdlus formeion in the ot eds o the dit o the roodok dated in ebout 10 deys ad
the dit datd goaing auwady. In dout 15 dys thee wee dgs o nev gomh In
2030 dys s famdion tok pae in te aea o uwion ad filed te ggp ths
hddng te sion fimly in te dit o te roodok (Fg3C1AB). When dhoat tips wee
wd & os M0 = 133 % suvivd o maoget wes moed while 431 £+ 68 %



anivd wes moed when ol adings wee wsad (Tdde 3C1). The deoese in te
anivd paoaiege o nocH adiings & sion in e gdt mey be de o te lak of
groued budopeed leves It mey d be de o te eqosd woud & te uypeed o
thesegmant, thusdfeding thelossof madurefrom theexart.

Mooe (19849 odiined tree pesess for the dedopmet o a onpeibe gdt
() oheson o dok ad sion, (2 pdifedion o clus & the gt iafaee ad (3 re
dffeatigion o vesua tse aos te gdt inefae Howea, te late phese is
ot adudy esatid for a suoedfud gdt e indcaed in a number o repots  (Hareo
161, Muwk 19853 Mooe 194 191 Mooe ad Wdke (1983 dmsaval te
adeoat cdlusmesses gt suocesfully intheaosance o

Table3C.1: Influenced thetyped sdonin invitro miarografting

Typed -on No.of No. of suacessul Frequency o
usd miaay ats miaoy ats response
9
Meantsd.
Soattip 40 27 700+ 133
NocH auting 2 n 431+68

vaala  dffeatigion  Inoompethility in gdts mey mt be gmoymous with an
usoedu gdt s te redpod gdts hae posed 0 be suoedu. The sged wes
revieved quiteedaLivey (Moore, 1991).

On tada o twatyive moaogdted taraind pats to s, sy o new
gomh wes domaved witin 20 das in tem A amnivd o adodt 2 % wes ahed in
b dys (Hg 3C2. Thren moogdted pats ae goning in te geshoe FHdd
triswill beconducted with these plantsto deteminethe pariod of juvenlity.



Fig. 3k

Fg3C1L In vitrogdted parts
A) Shoat tip from doa adtwes usd & K ax
grdted ontheroatsiodk of in Vitr o rased seeding,
(B) Nodd sgmets from aeic doa wad & o
ad gdted on te roodok o in vitro rds
seling



_' - A

Fig. 30,2

Fg3C2 : (A) The gdt uin cn be s in the pat rdsd in vitro
by micogting o axanic oot
(B) PRaits miaoydted in vitro snvived in sl ad done
hegithy gonth



33C.2Higdagy of thegraft-union

Fon te hddogcd eamrgion it wes foud thet 46meds wee reqired for
the gdt wmon t tke pae Ligt mooogy (Hg3C3AB) donved cdiis  pdifadion
tree wedks dtg gding In tg s pdifedion wes noed wo weks dtg gditng
(Rkach et al, 199). In pgecho odl dvison coured & ealy & 3 das dty
maogdtng ad vesda ooty wes eddlided aoos mioogdt 3 weks  dte
gding (Abosdm ad Matd, 199). Soion tken from te tse o famaind gdts
de B das (FgALA) ofims mutipicion o paedyreos odls by sion ad
roddoks ad thar ingyadion to fom a won Ralffegidion o veoda e
agos the gdt inefaee wes nat visbe in ths Thadae the wuoessfu gdt in te
ase o venda dffeatidion in tamaind is possby de to te gomh o adeoat
cdlis meses It is kown Mooe ad Wake, 1983 te vesda redffeatidion is not
esatid for theedabidmat of agrt

33C3Ex vitrogdfting

In the presat dudy, aly 106 o te ex vitro gdis anived (Fg3C4A, B). |t
hes ben rgoted (Hatren ad Keds, 1976 tet duing sonroodok  wion,  the
nev cus tise te aiss fran the carbd reggon is composd o thin wdled tugd
adls whd exly dsiccte ad de Thadoe it is impotat thet &, modue aoud
te gdt uion is kgt & high to ponoe pdifedion o ddls in te gdt reggon In e
o ex vitro maoyding o tamaind, te lov frepery o soessu  gdtng ocodd be
de o los o nmodue in te on Til te wion o the gdt is etdided the sin
nescsmadirefor avive.

Ex vitro gding hes e aatgs It is less epasve ad les tne
cosmng & taglatdion from in vitro to gextoee is amited It tok 45 days fram
the ex vitro gding to difing the anived geft to geshoe while in te cae o in
vitro grtting, they took neay 4 months



Fg 3 @

©

Fig. 3C.3

Logtwdrd sdion o te sgmat downirng  te
ingation o son (9 in the wedge o the roodtodk
(r) efter 35 daysof theunion (ber = 20007)

(B) : Mayifiedview o thegait urion (ber=250nm)

Ligt mooggh o te gdt wion donnc
aomdee filing o te gp by pdifedion o
predymetas odls & te ste of uion  bewen
thesdon and rootstock (ber = 166nM)



Fig. 3.4

Fg3C4 : (A) Tre gdt uion in te ex vitro micoyded pa

®

@ be s The doos o te paits gdted extra
vitrum wee les vigpos conpaed o te oe
gdtedin vitro.

Miaogdt with te dte o gdt ooveed wit
payfilm. In cae o ex vitro gdtng to hdd the
gon in pae ad to pemat modue los te gte
d the gt weskeat covered far anemonth



It soud be posbe to fute ehene te anvivd paoatae o ex vitro gdts
by manpdading vaios fados suah & suce 92 o In ad roodok ad gomh
condiions

3.4C CONCLUSIONS

In an dtemt to inoeee the anivd o in Vitro rassd pats in s, the tise
adire rdsd dhoas wee wad & gdas far in vitro ad ex vitro migogdting The rae
o soesu ex vitro gding wes 10 % In vitro gdting frepey wes 70 % on WEg
doa tps & Lon whaes it was 430 when modd adiings of dogeied doos wee
usedl Fifty two paroart of these in vitr o miaogrefted plants unvived, on trandfer to sail.

D : Variation in germination and seedling growth among

tamarind seeds

3.1D INTRODUCTION

Taraid is a hdgly ourexing gedes in which aospdlingion  tekes  place
pimaily with the hdp o insts ad ar. Due to ths remon it dons vaidility in the
tree daatas like hdagt gred vdure ad physoderniad deates o fuits 9
& fut legh gth aeae wadt aeee wvdurg wegt . vdure rdio  pup
artat, rumbe o sdfut rag ad ddl coat, fuit sepe odar o pdp  vaiadlity
in beming hetit ad yidd ec (Chegi, 196 Kade et al, 1999, flod anomndities
(Kadeet al, 199%).

Saling deived eqats ae dten vl for dadadzion o pdods  for
dod  popetiony,  de novo ogaogpes emayopess ec The  ifomeion
ggeadad from swding adre beore udHU fo dudes on neue pdat  daived
edats For wny saling eqats in dod poegion te sxk ae gamirged in
vitro ad the ap o the sading is couned fram te dy o altue The ap o the donor
ssding iskent condart to marniain thecorsgancy intheeqaimat.



Ths is posbe aly when te gammdion is gmdroos Hoveda, in te
hgly au-treing gedes de to wide vaidon amog te sk te gamrdion ney
ot be s/mdrvaoos Soody, te reposs mosd in the eqais in adiue mey dO
vay. 9mialy, eqats adleted from te s rAsd tes my do dow vaidion in
reponeearony theeqdants odledted from differant trees

On dmsnving hich vaidion from bach o bech in o eqaimals coddsd ©
dadadze pooods fo dod  popegdion o tamaind, with ssding (Sdion 3A)  ad
mere eqats (Seion 3B), we reated 0 a dnpe eqaimat t ajude the vaidion
amog sskonthebessd gamirgionbehadiar.

3.2D EXPERIMENTAL PROTOCOL

Shilizzd sk wee adued on b gegh MS bed madun  sypdematsd
with 26 sooe ad inkded in dak The eqaimat wes repeted Sx times  Numbe
o sk gamireed o sedings with doggted hypooyl ad fid par o leaes wes
soed & 10 dgs inavd datng from 20" dy. Obmvdios wee tken tll 60 das
The dda wes eqresd in the ggoh 0 cnmpae te repoese fram beich o beich The
equaimant wesaonducted with sees adlleted from the sametree

3.3D RESULTS AND DISCUSSION

Sl rAa"l ppdats ehhting vaidion in nophdogcd  deeda,  fut gty
ad qatty dc is onmn & te swak ae te radals o el rgroddion
invalving two planis

The pes|t invedigion demogrdes te dffeees edibted & te ealy e
d pat dedogmat from ssd In ar dudes on dod poegdion Wy seding
(Sdion 3A) it wes neesay to doan dmila eg@ais for rediction  Due to
amdroos  gamirdion ad  sading govh  dmila eqats in affidet rnumbe
coud nt be disned on a paticda dy dtg gamrdion Thedae in or dudes the
edats wae tken from te sadings o dmila nopday. The sdings  with
doged hypooy ad emagd fid par o leavess (Fg3A2A) wae uwd fa ar
epaimats o dod popegion Tamaind  sdings with  tis  nopdagcd dae
ooud be deand fran 20 das owacs Ths altuing o te eqats wes caried ot



& ad wen te sading redad te gafied nopdoged 92 Ths te wd
padice of wng salings o dmla ap wes nt gyied in te eqaimets on dod
propecgtionfrom ssdingexants

Tre frapey, & whch te sedins reched te dap on wetigh dy  ad
emy tath dy teedta, wes down in te ggh (Hg 3DIA) ad b dagan (Hg
DIB). Fam te ggh it is gpaet te te nurbe o sedings which reced the
goopide gap on A", A" 4" " ad @" dy vaid amog te bedes
Compaing the testmet men (Hg 3DIB), it wes dsaval tet the vidde sk
gmired Gl 60" oy ad aEned te gedfied mopdoy bewen 0" ad 63" .
Tre frpey wes lov on te 63" d. As down in te be dayan sk o ts tee
podod gimum b o sdings o tis e on 40" dy. Qo eqEimets wee
catied ot Wy te eqats from D - 40 oy sadings fom te dy o sl adtre
The wide vaidion in repose moed in te radts (Sdion 3A3 o repeding  the
expaiment using seeding eqlanismey beatributed o thevaiision within the seecks

Chapter 5 of this thess on Somatic Embryogenesis demondrates the variation in embryogenic
response in immature zygotic embryos collected from various trees. These daa exhibit the influence of

genotype on tamarind morphogenesis.

3.4D CONCLUSION

The dapged paten o gamdion o tamaind sak ad tar vaidion in
dianng the regured dege mey ke te reeen far te vaidion in reponse  damondraed
by the seed daived eqalants
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CHAPTER4 DENOVOORGANOGENESS



4.1 INTRODUCTION

Oign ad dags in te galfic fom (g duwdue agaizion) duing the
tbdoggmet & an agaisn ad d ach dags on ad in te agaisn ae da
maphogness  The reat apidion o desoipive tems from aimdl devdopmat hes
dmdaed a bl udadadng o mophogeess fran ddls ad tse adtues  Cdls
ad tse adires ae vievad & fid eaquing compdee whidh is asodaed  with,
ded dffegtid gge rgudion ad eqesn The ammitmet o ompgat  ols
fo mophogeess is dfedred by may fatos indudng condex  ineadion  bewen
ayps te epat (@d s dags o  dedgomat)) madum dc Maphogaess is
tiggped wdHy dt compdet odls ae shodired M0 a les onpex medum
dloning the eqreson o rew dedogomatd paetid. Ths tigge is rdared to &
pamissveinoudion (Tharpe, 1983).

Maphogeeds  in vitro ooous in two  diffeet  paters ie  Oganogeness  ad
aribyyopeess  Organogeness is te pooss by whidh odls ad tsues ae  menipdaed
D uthap deags, whd leed o the podudion o wipda dudue namdy a doa o
rod pimodum, whoe vesda gdan is oten cometad to te paet tses  In
ootfred, somatic embryogeeds leeds 0 the podudion of bipda drudure cotaning a
roo/doat ads with a dosd indgedat vesda sdan Bah o thee @ oo
dredly onexgart arindredly viacdlus(Thope, 1994).

Rech on mophogeess in vitro bggn in e ey 20" oty when
Hebaland theoized thet the etie pat oodd ke podod from srge ving ol
(Hebgladt, 192 Ealy dudes on teoo cdiis adire by Mile ad Soog (1953
indcated  thet mophogeness in vitro can be menpdaed w8y axins ad  ofkinins  In
absuat  duwdes  aiicd  fados ddamined wee the types ocooatdios ad  rdios
d vaios pat govh regdeos (S, 1989, Foesing wok by Senvad (1989) ad
Ramat (1999) on indudion o erbyogeess in carad sgpason adtues  introcuosd
moe quedios ten asves ocowemg te rde o pat gomh regddos ad dhe
cortrdling fadtarsin maphogeness

With te alvet o mogoogeeion ad  gedic egneming  pats  fram
hudes o geies hae ben gown in vitro (Bgg, 19%). Sl may gedes rardn
recdatat in adtre codtos It is inpotat tet reggedion o whde pats  from



dge dals o dnpe fses o reddrat gedes be eaordided if te poshblies o
ggdic egnemig ae to be fuly ingemated Unil recatly, dandadzin o
aoefd  mahos  far reggedion hes  poosded  erpiicdly.  The  litgaure abound
with mehods hae tken yeas o dedop beae o the lak o te beic udadadng
d te rgldoy poess o mopogeess Futemog koMede  gined fram
aoedu manpddion d oe e o aliva is dten mt gylicde to daha edes
o alivas even if te pats ae dody rdaed gaeicdly. Dedopmat o  suocesful
ghamss fa reggedion in vitro o  reddtrat pat  gedes woudd  badit  from

improved undasanding of fundementd regulatary medrenissdd mophogeness

Sne te dsovay o pyhomoes ad te hypohess o regddion o
mophogaess by anotckinn  rdio  (Skoog ad  Mille, 19%7), dgifiat poges
hes ben mece lemdng to impoiat gydicios in egoory ad inday ad to te
pomsng tehndogy o hgdadzion ad o poodat fuson  ledng o gadic
agneging

Cegs in te meoomao nurgts ad inopodion o vaios  Sbdanoes
ath & dacd Vitemng anno  adds  pdyamines  pdypetices  dedds - cabohydaes
dc o dwe pat etrals n dfed mophogeeds  Vaidion in o physad  condiions
ach & gt (qeity ad ouety), pH, weae poetid, tevpadue  ges
amoghee e dge @ do iflueces pat govh ad  dffeetidion  (Tran
Therh Van, 1981). It is bdiered tet nethe the ot but o misdlaeos fados nor the
wige hypaheds o axnoftkinn rdio ean bing oe dos to a bec udadadng
d te whde poes o nmopogadc difeatidion & log & te tagd odls ae
sdived amog a hdeogpeos mes o odls Fon tee coddedios emags  te
ned fo haing a comon dl aign fo d mophogedic peters in ader o locdize
moe dody te tagd s ad te rde o mophogedic sges (Trah Therh Ven
181). Ths hes redted in vduminos litgare desoibing vaios fados  tet  influece
maphogedic repone in pat tses bu the regdaoy pocesss o mophogeness
dill reveinsurknoan

Ogaopess N Viro ocdss o may agpeds sch & phytdhomoe
paogdion,  daiffeatdion o  dffeatisded odls to  aqure  agaogaic compdate
reery o quexat odls ino odl-ode ad agmizaion o odl dvidon to fom  gedfic



agen pimoda ad  maides (Sgyars 199 Ogaogaeds in vitro dgiads on
tre gpicdion o exoggos pytdhomoes in paticdar axin ad ofdkinn ad do
on the dilty o te tse to reyod o thee pytdomoe dags duing  adiue
Otaoggess in vitro s geadly ocomposd o three ddint phesss o dffeet
Opedery o ecggos  pydomoes te fik pee in whdh ds  ae
daiffeatided to amure agaogric onpdee te sod pee in whidh
deiffeatided odls cadizd ad ddemred for gedfic agen fomdion in repoee
o exoggos pyidomoes ad te tid pee in whidh  ogen mophogeness
possgks  indgpedatly o exogpos  phytdomones Gaes tH ae peumed o pay
aiicd rdes in exch pee o ogaogpess in vitro ae bdng idatified lagdy though
gadicandyssand somed tham have been dreedy isdlated

FAat tsues adtued in vitro ae dle to dffeelide ad fam agn de novo.
Sxch agas induke roos doos ad floves (Thope 1980 The edliet rqot on
cntdled oot fomeion in vitro wes by White (1939). He dmaved tet dods wee
famed on s o Nicotiana glauca X Nicotiana longsdorfii hybrid when it wes
shmagd in a liqud medum bt mt when adtred on te sfaee o et ag. In
the same yer, te fid domveion on roat fometion from cdlus wes moed by  Nobeoout
(199 wg ccama dwe Whtds dmsavdin wes ofimad ad etedd by Skag
(19 who doved te axms odd dmdee oo fomdion ad  irhbt oo
fomdion Gathad (1995 nmeck a dmila codwon on te rde o axn in roding In
afdion Soog (194) foud tet the irhhitoy efet of axn on doot fomdion ooud
be patdly ovewome by inoesng cooatrdion of oo ad ogaic phogee in te
medum

N meipdding ageogpeds i vitro,  may gomhadive  subdanoss
pywhomoes & wdl & ahe anpouds hae ben indudd in e medun Althauh
lage numbe o pat gedes repod o qitde amxinitkinn by fomng dods ad
roos in a numbe o s te pamsve phytdomoes bdae leeds to the  indudion
d agaogpdic tisme aly Hidks 194 Ths will ten dedogp o ogs in a
medun with a0 dteed phyidomod bdae Senads et al (1964 ponted ou thet
vaios gomh regdaing dimudi migt ned © be gpied o adlls ma aly in gt
amouts b do in te gt sguee ad une te ngt adte codtos Depte a
vd loe o infamdion on homod ocotd, lagdy trvowh tid ad e, koMede



d te fudkmeid bdogy wuwblying in  vitro indbdon o agaogeess  raTErs
gaty Hiks 1994). For eanpe the idatity o <padfic o o doa famng gge
redrs  ukom  Gae eqeson asdasd with agen aific indudive emts s
poaly deadgizzl The medenan o adion o axs ad ofkinms in OgENogEESS
isdill amygay.

Whle gedic egnesig o tee lums is te loglem gd, dedgmat o
qitthle poods fo  regEgwdion o pdateds  via  agaogeess ad  omHic
erhyogeness s te dottem  god. Althouh the ngaity o tee gades hae
cosdgetly poved reddtat o dffiadt o regeade in vitro, soes hes  ben
aheed in sme o te tgpgd lgmes (Laddm S 199, Thee induke
miagagpegdion by dret ad  imdred ogaogeess In catan gedes avatitios
doas whch aie dredy fron te tses o te e@at cn poide a rdidde mahod
d popagion Howes, dred reggedion dgads on te rdue o te eqat o wel
& te gauype Garge 199, Roegion by d mdhos o indred ogenogeness
aress a nk o wormedod vaidion Reggaasd pats mey  dffe gadicdly  fram
eth dhe ad fron te dok pats The deos o ths vaiddlity ocoouming ae geget
in pats poduwed by indred doat formdion ad gper o be les in thoe  realting
fram  indred  embyogpess (Gaage 1999 Dred & wdl & indred  aganogeness
o hes a poatd & a mahod o regeedion ad pooegdion for gadicly
trandfomed planis

In may tee legmes like Albizza, Acacia, Prosopis, ad Sesbania, dret de
novo agaogeess is rgoted Gayd ad Maedwai (1981 ahesd clogess
from vaios eqats rardy hypooyl, ro, adyledon ad ledfles from 1615 das dd
in vitrordsd sedings o Albizzia lebbeck. Toma ad Guia (19830 ddtdned oot
regpedion from lom log hypooyl ssgmats (withot  adllay budd exdsd from 10
12daysdd sdings o A amara, A. lucida ad A. richardiana. The doat bubks weae
inboed  dredly  witot  cdliusng witin® 1015 das o  adtuing S ad  Mdlidk
(199 rmgotd woedd  in vitro reggeadion ad  mutpicion o A, falcataria
tough  ogeogeess Ty wed sgmets o juelle ales  (@ooc 8 nm)
dasined from 15cey dd in vitro sdings & eqats Sakha et al. (199 devdgsd
a high frgpeyy in vitro mengdion paood for dlkdree (A julibrissin Duraz) weEng
edsl o egats fan 1520 das dd sdings Kure et al. (199 desnibed an



dfidet pooedre for pat reggadion by doat agaogeeds fran ledf eqats o
in vitro rdsd doa aitres Ahee ad Duox (1999 rgoted dedopmat o a
tedriqe o in Vvitro doe poddion besd on aleiitios ot fomdion from  exdsad
root eqats o Faidherbia =Acacia albida. Kaka et al. (1992 aheed dret
regeadion ad mutigiction of Prosopis cineraria  wng rod sgmats & eqats
digned from 34 moth dd sding ad foradahdf yeg dd tee Kgoor ad
Guia (1989 ddadned dffgatidion o Sesbania bispinosa patiegs from lom  layg
hyooyl sgmets ad otyledn eq@ats fran 12 das dd sxdings Derez et al

(199 rgoted dred ogaogeess fron o aufee o oyledn  eqats  doEned
from 24/36 hdd pogt-imbibition darkgroan sedingsd S. grandiflora,

Amog te tee legumes indred de novo agaogaess via cdls wes ahiedd
in vay fev pdats Some o ten ae Abizza, Bauhinia, Dalbergia, ad Sesbania.
Upedyaya ad Chada (1983 degibed doat ad patd fomeion from  odyledn
divedl cdils o Albizza ldbek Whle Vagee ad Kar (1983 donved doat
regrgetion from cdlli odEned  from hypoootyl,  ooyledon,  roct,  lef  ad radis (05 -
06on loy edsd from 710dy-dd daile saings o te sme s Sakha e
al. (199 drEnd aeiiios <ods from roas o it sdings o Albizza
julibrissin gt the fomdion o lage meses o s Kume (199 denorgrasd
magoopeion trough indred ogaogpess aed fran s imdiod in te
dam atings (@ 1am) daleded fran youg bades o 1518 yexr dd sy ndue
‘dit¢  Bauhinia purpurea treess Ared ad Bir (1984 dadned cadogaic  diffeentidion
in 4% o otledn ad lef s while hypooyl ad danm i ehbited 6 oot
dffeatigion in Dalbergia lanceolaria. Raidaka ad Jgpdh Ceda (199
ahead ogaopes in s deived from doa sgmets Radhen et al. (199
dadned efedive pat regeedion fran odl  agedEondeived  cdiis o Dalbergia
latifolia. Kurer et al. (1991) denosraed repedion o pates ahieed from ol
apedonnckived i o carbid aign from maue ditt tes o D. siss0o. Gna ad
Mdlick (191) deoibed pat reggredon fran ayledn ad lefdeived ci o
Sesbania  bispinosa. While Khata ad Mden Rem (1983, in a pdimmay rgoat,
phiged doat bd dffeatidion from clils daived fran hypooyl ad  aoyledn
egats of S grandiflora. Seke ad Mden Ran (190 phided the poore for
wihde pate reggedion via s regpadion ad mangaEe o adiues  trouh
smid tades of S grandiflora 4 dffeat meda Viadoa et al. (1987), ahiered doa



fomdion in cli of Sesbania rostrata & lov frepeyy bu Rdleyinesh ad Tede
(1998) regererated plantietsfromtheclli inthe same pades et ahigher frecuangy.

It is oten dmaved tet it is eda O indbee reggedion from sding eqats
Hovel, it is derdde to g8 reggeadion from eqats daived from mere  tress
whoee  degrablity  is wedletdided  Winon, 1978 Bagg 1977, Lddmi Sg 1989).
The pogtd o mogoopegion o tamaind  hes ben empezad by sved
resadhes (Maaetes et al1Bl, Mexaetes et al, 1987 Jwd et al 19l Gupa
et al19). Mehodks for maipddion o tamaind fise in vitro hae ben redided to
doa  mutipicion  from  maigerdic buks  ad o edats o sdings
Mezaahes et al, 1987, o fron otyledonay moH tise o sdings (BHwd et
al,l®) ad to a lmtd edst, dod tps ad nodd buk from neue tes
(Mesaates e al,198l). At the time o inidion of tis wak, thee wes no rgpat on de
novo agaogeess in taraeind ad tae wae vay fev rgats in o leguminos  tree
Pades In the coue o or wok te fid rgoot on tamaind de novo  aueEogEess
gpreed fran a padd gop (Sria et al, 1998). Howeva, they repoted  dret
rggeadion o mutpe doot buks fran te podimd ed o te hypooyl eqats
dadgred  from  12dy-dd sading o Tamarindus indica, while in the prest
inedicggion, we ahea dred  avatiios reggwdion from te  novmaidardic
aut arfaced meureemryo adseqart of tameind

4.2 EXPERIMENTAL PROTOCOL

421 Initiation of culture

4211 Pr goaration of explant

Taraind sk wee oleded from the nmeue poks o five tess gowing  locdly.
Tre sk wee wahad with liqid deeget ad safae dmiizzd wWng 01%  (WA)
H fa 15 min Bos HO2 wes remoed by regpeted wedings with daile didilled
wae ude agiic codios Sek wee <ekad in dmile ddilled wae for 45 h &
room  terpgaue ad weded toogly bdoe  adtwing ten in hdf  dregh
Muatige ad Soog (M9 bed sis ad vilamn wih 26 sooe ad 5 g ag The
pH o te madun wes audad to 5658 pior to addtion o g Qitres wae
incubeted in dak.



Fon 5" dy awads te sl wih gaked sl od wee wd & te sue o
edais In te pdimmnay epaimats vaios eqats wee tdad for  mophogaic
repoee Thee induk it emhyo  ads  logtdrd sdion o evhyo  ads  ad
longjtcine sedion of emtryo adswith an atiached aotyledon (LSEC).

In te shbeEgat epaimat aly LEC wes wsmdl To dian this eqlat, the
s=1 o wes removed ad ayledos wee spaded caduly to didan wo  eqats
ech cosdng o a logtdrd sion o te arbyo adis with an atedhed odyledn
LSO,

4.2.1.2 |dattification of thepatentia explant.

In  pdimnay (pobing eqaimats d te tree egats wee adued in
vaios mada fomddios aoanng axis ad oftkinms Sgy ad in corhrdios
Awirs teded wae NAA ad 24D ad otddinrs teded wee KNBAP ad 2p The
conatrdion o ofokinmes ad NAA ragd fom 01 — 15mgl wheess 24D wes fran
01 — 10mgl. The djedive wes to idatify the poatd eqpat in odg to intde the
ddes on mophogeess Thedoe o some edat te eqaimet wes radom  in
reiure Orly fav eqdatswaet eted inesch of thesecombrgtios

Exogx te ined emxyo ais dhe eqats wee adted in two  aigidios
Exdantsweredthe adtred with st or oaxid soeindirect contact of medium

421.30ptimizetion of culturemediafor caulayeness

In te sbspat eqaimat, vaios meda cmdrdios o okinns  induding
kndin BAP ad 2P ada axims NAA ad 24D weae tdad for  indudion of
mophoggeic repoee in e LEC eqats o tamaind  The pat gomh  reglaors
wae imopoaed in MS besd medum  gydemetad with sooe (266%). The nmada
wee didfied wih 05% ag. Nurbe o eqats in eah temat in ths eqaimat
vaid The maue arbyo aes daivel eqats wee adtued in paiddes (8 15mm)
with 20m meda pg dsh The adtres wae imbeed for 4 wesds in ligt At te ed o
ths paicd te eq@ats donmng clogeic repoe wes noed The vaios nmeda



aorbreios teted ad te rumbe o eqats v in exdh temat ae inooporael
inTebe4.l

On te bes o te raits noed in thee pdimmy eqaimats 10 meda
corbirios cnposd o MS kel meium wih BAP 215 ngit, NAA 01 o 1 mglt
ad sooe 26 ad & wee idatfied Thee mada wee teded repetedy to sHed the
aombreion  gitthe for gimum repose The frey o repose in dffeet meda
wascdamined in paroantageand the detawes abjedted to dtisticdl anelysis

422 Higdogical sudies

Tre egat LEC wth te aloggic bus wes abeted to  hsdogcd
ddes Hes o egats ragng fram 574im in legh wee fixed in FAA  (famrdin
dadd adic aid dahd:550 by vdumg for 48 h & rom tarpgaue Tiswes wae
dhydaed in gaed taay hbuyl dodd ad erbebed in padfin (mp 5860°)
fdonvng te mehod deoibed (Sama ad Sema 199). Said sdios 10 o wee
at wWg a Radat - g 2680 rday maodome Stios wae dodde daned  with
hearetoglin - exdn ad mouted with DPX (Ldm Came. Thee wee duded ude
micosoopetoidantify theariginof theshoat budks

423 Elongation of shoats

The eqat, LEC wih dges o dox buk wee tadared o 20 i
Hemge flds oaanng 50mM MS besd medum with o witot e ypdemetd
wih dthe kingin o z=in 02 nmgllad wih BAP 05 ngi*. Al meia wee
gppemetad  wih  cddum  paighee Olmgl’, Hdin @ 0lngl®  ad  sooe 24
Cdaum patoheee ad bdin wee uwal e in te medun for  pdifedion ad
dotgion o adlay maigem deived dos o wmaind (Meaxaetes et al,  1987).
Tre aies wee imbesd foo 6 weds in ligt Qitress in ligid medum wee
incUoeted anagyratary $eker (80 ).

Aftr 4 wedks te darged doas (5m ad dov® wee idasd from the
dde ad teded for roat indudion The man eqat beaing the ramanng srdl doas



ad bus wee taderad to freh ligi]d MS medum o gSmila  compostion  for
dongaion of assoond betch of shoats

424 Roatingof shoats

Roding wes indusd in the dageed doos wng te mehod desribed in eddie
rgpots  from  this  leboday (Mescaehes et al, 1981 1987) with minor  modifications
In bid, the mehod invdves inoddion of dodas fo 72 h in hdf dregh MS  liqud
meum arning 1 ngilexch o IAA, IBA, IPA ad NAA, pio to aluing tem for
4 weks in MS hdf degh madun dadd o gomh regddos ad cotEnng 26
aooe Thee doas wae difted to hdf dregh MS besd medun sypdematad  with
2 anoe 02% dawd ad 090 g The adtues wee imdeed in ligt for 4
weks Maaates et al. (1987) wad Whitgs besd medum (Whitss 1982 for  indudion
and dongeion of theroats

425 Trande o roated plant to sall

Rooad pates wae wedad thoougly ude muming tp wae to ramoe the
medum aheing to the oot sdem pior to tade o 105m paybes o pas
ontdnng silsad (31). The pates wee mendned in ligt & 2522°C in the tays
oveed wih dess dets o mnmz te los  modue Afte 20 das te das et
oves wae ratoved ad pais wae mananed far 10 days pior to tade to pas in
gertoe

4.3 RESULTS AND DISCUSSION

431 Initiation of culture

4311 Prgparaion of eqolant

Rexdding o aufae dhilizad ssxks in deile ddilled wae for fev  hous
fadlittes imbibiion and swdling of te sk 9mila gpoech wes wad by Daer
al, (1994 in Sesbania grandiflora sk for emy iddion o eqaits fran pogt-imibed
sk Tamaind sk adued on hbf dregh MS besd medum ad inodeted in dbk
dated svdling in 4 das The muife aads gper on te s ot from 5" dy
owads (g 41A). Condee revovd o sed ot ude agdic codios  beare



dmda de to te gaks dedoped in the ssad ot Peme o the s oot patidly
ar fuly, resited in browning of themedium and inhibited gromhiin adture

4312 |dentification of potential explant

O te tre egats tdad oly LEC (Fg 418) repoced when adued with
te abkid s o te oylen in et o te mada in conbirdios contEning BAP
ad NAA Ingit o gy te oylebrs caduly wih crtdled pesre  te
arhyo ads dvidd Mo wo ueen logudrd sdios wih te it beng jut bdow
e punde As te giit wes dliqe otn ae egat hal te pumde whees te
oher wesdevad of it

The apledn o te LEC eqats tumed gen witin 4 das o adue The
it erbyo adis doned dogion ad broedaing witin 6 das At 3 weks o
inketion in ligt buks in fom o grdl pobears gpeaed on te eqaded ot
afee o the ais (Hg 42A) in ootad with te maum Thee weae ddribued
troghout te at sufae indudng oyl ad hypoodyl. The cadogaic buds  with
maigameicdomesand gemledt pimodawaessnwhen



Fig. 4.1

Fg 4.1 A : Smdlen sesd with aracks devdlapad on seed ocet
B : Logtdrdly - qited emyo adis (© with ateda
oyledn (LEC). The egat wal fo de novo
OGEOOESS



te eqats wae eamned urle te masge (Fg4B) Bah te LEC
exqanswith orwithout fumule responcedinadlture

Amog te dhe wo eqais te infad aerinyo adis eqada a litle bu
sl The sdios o enyo aes whidh wee witot ayleds eqaded bu
mophogeic repone wes ot dosaved on te ad afae een in e adtues in which
the at aufere wes in coted o the medum Ths indces te impotace o  diadmat

d theaatyledonwith theembryo adsto datain acalogenic regponse

In the peat dudy, doa buks gpeaed on te eqadd ok ufae o the
ariyo ads in 3 weks while it wes in aoted with the madun In cored, the LSEC

egats whdh It coted with te medum fded to repod In adtues ern whee
dadid dk o te ayledn wes in cnad o te medum ad te at suufae o te
arbyo ads wes in te upa dde cadogeic repoee wes ot e No repose wes
nted in te ohe dde o the repodng eqats ad in e@ats in ay dhe aigtdion
Ths dons tet te coted o te ot wufaee o the eqat with te medun wes
esatid for thecauoganic regponsefram thewounded auface arnly.

Oigidgion o te eq@ais pays impotat rde in reggadion Guai ad Jwd
(1990 rgoted tet regeedion from oyledos o Vigna radiata (L) Wik  oooured
aly n toe eplats whdh posesed the pdide tisse evbedded in medum  In
Tamarindus indica, kHwd ad Gua (191) deaved tat the doot foming regpose
e dadicdly when () te ded ed o te ayledn wes arbedd in te
medumy () te dmdd safae o te ayledn wes in cotad with medum ad (i) the
ayledn wes erbebd logtudrdly & a gt ade b te wfae o te medum
Hovere, when the adadd sufae o te e@dat wes in arted o te medum the
regradion frpacy ad te rnumbe o doos pg eqat inoesd gedly ten when
te podmd ed o te ayledn wes erbadad in te medum Svi ad Dais (199
dmvad te repoee o  odyledotike dudre (OLY  famdion in didgea  (Cicer
arigtinum) oy in immeue oyledn e@ats pdad wih te akxid wufae don
whle o repoe wes faud in eqdats pacd with the dexid arfaoe down In peand,
ahddly aiented



FHg42A : Fraubaanes(jx) onthedaogted aut axfacedf LEC eqaat
B : Mafied viev o the maigemdic budks (M) dedogod on the ad
ufecedf tedongetad, gilitted emtryoadis (ber =500nm)
C: Magified view o theshoat budsshowing greenlef primodialp).



ayledons gae a bdie amayogeic repose ten eqats with dadd  aufee
faangthemedum (Ozas Aking 1989).

Gh et a. (199 foud tet woudng repose wes neesay o tigge Soao-
bud dffeatidion from edsd leaes o magoten (Garcinia mangostana L) in the
peae o BAP The e o waudng gpeaed 0 edddih rggeadion Stes in
eqats eddig BAP to indue oot bud fomdion Derez et al (1994 regoted thet
the reggadion dility o te odyledn tses ocodd be inoesd in repone o
afiod woudng pafomed with te nede on te gidamd arfae o te ayledn
eqlats(smpedfromdakgoan 3Bh-ddimbibed sssdingy of Sesbania grandiflora,

431.3Gronth Regulatars

The mod frequatly wsad ofdkinn for doat  indudion i agogpam  tress s
BAP, whees NAA hes ben pdarad for its gmagdic dfex on ot indudion It is
gpaat te eqats didned fron meue fiddgown tess ae moe likdy t regure
an axn fo dodt indwdion ten eg@ats daived from juaile o precondtoned  daus
(Liz ad Gay, 199). It is sggeted by tee auhos tet compdat odls ae dresdy
peat in precodtionad o juwaile tse td hae ben uwad fo egats Thee dls
aetriggered to differetistewhen eqposad to gooropriste FGR

Keping in viev te iMfluee o BAP in arbrgion with axms (moe ditn
NAA o IAA), BAP ad NAA wee tdad Srgy o in covbrdios for  mophogengic
repoee in LEC Al te meda faomddios uved in te eqaimats ad te medum
firdly rfined ad opimzad dte sved rglicios ae induded in te Tdde 41 The
reporess naed in the LEC eqats ae do indudked Bewl anmo puire & 01 — 15
mgt sgy (M2 — M7) dd not redic gemirgion corpledy, bt fdled o inde
alvatiios buks & te at sufae o te ermhyo axes Diffgatidion o root maigam
wes todly redided in pemoe o hge cetdos (G5 ngl) o BAP
Negpttdlere aic add sngy, nethe indueed mophogeic repose nor dd it Sppres
dffeeiion of radde in ay o the concewrdios teted (0115 ng’) (M8 — MI3.
Thedae roding wes naed in dl te oooetdios Humde dffaatidion wes



deked in pese o ts GR In te hge omatdios (15 o), raide
dffarentiation wes assodated with prafuse clusing

Corbreion o BAP ad NAA wes dfedive in inddng de novo cadogeness in
Albizza procera Kurg et al, 198. In 6 o the ledf eqats de novo oot
rggadion wes med when adired in MS medum appdemetad with  100M BAP
ad I NAA. Bwd ad Gud (191) denodrded smagdic dfex o BAP  ad
NAA in pdifedion o maidedic buks from oyleday mode meigas o
taraind Although BAP doe oodd indue te meidareic atvity, bt te rumbe o
doos famed on eah eqat e treefdd on fute sapdematng te medum
with IAA. Ths indctes the gmagdic dfed o BAP with axin Smila gmagdic
dfet o BAP ad NAA wes dmavad in Dalbergia latifolia Rod (Lddm Sa e
alloss R, 198 Smagsn o KN ad IAA wes deaved in inddion o de novo
agpoggess in Albizzia  lebbeck cdiis (Upadyaya ad Ceada 1983 Kegng  thee
aidaos in view, te ifllece o ofdkinn in combrdion with axins in indudion o
mophogedicresoonss BAPand NAA weretedad incomargion

Qiuing o LSEC eqats in meda armbrdios (M4 — M23) aoanng  bah
BAP ad NAA wess foud dfedive in ididng mophogedic repose dag te ad
afae o te emyo aes Miaosggc eamrdion dte 20 das o adtre reedad
pege o srdl gen pdbgacs dog te ab ufae o te eg@at (Hg 42BC).
Thee dudues wee ddibued dl dog te ot arfae fran pumda to redde ed
tll the vesuadue wes epod  As mationad edlia, the it dog the ads is ueen
Thedy oe sdion hes boh pumde ad radde whaes te ahe sdion hed aly
redde Theagenoganicreporsewesdosavad inbath theeqdants(Fg4.3A, B).



Fig. 4.3

Fg43 : Soot bus ( dffeetiged from the prombaance
pesingan,
(A) LSECeqatwhichhed any theradideed
(B) LSEC eqatwhichhed boh pumdeard radide



Table4.1: Variocusmediacombinationstested far indudion of arganogenicregponse

Medi NAA 24-D | BAP KN 2iP Sucrose No. of Response
um | mgl? | mgl* | mgl? | mg!t | mgl? % explants
No. gm.? cultured
1 - - - - - 4 8 Germination
2 - - 01 - - 4 10 Germination
3 - - 05 - - 4 10 Limited Germination
4 - - 1 - - 4 10 Limited Germination
5 - - 5 - - 4 10 No Germination
6 - - 10 - - 4 10 No Germination
7 - - 15 - - 4 10 No Germination
8 01 - - - - 4 10 Root proliferation
9 05 - - - - 4 10 Root proliferation
10 1 - - - - 4 10 Root proliferation
11 5 - - - - 4 6 Root with profuse
calusing
12 10 - - - - 4 8 Root with profuse
cdlusing
13 15 - - - - 4 10 Root with profuse
calusing
14 0.05 - 2 - - 2 30 Organogenic response
15 0.05 - 5 - - 2 52 Organogenic response
16 0.05 - 10 - - 2 30 Organogenic response
17 01 - 2 - - 2 30 QOrganogenic response
18 01 - 5 - - 2 82 QOrganogenic response
19 01 - 10 - - 2 52 QOrganogenic response
20 05 - 2 - - 2 116 Organogenic response
21 05 - 5 - - 2 30 Organogenic response
22 05 - 10 - - 2 30 Organogenic response
23 05 - 10 - - 4 257 Organogenic response
24 01 - 01 - - 4 10 No organogenic response
Only germination
25 01 - 05 - - 4 10 No organogenic response
Only germination
26 01 - 1 - - 4 10 No organogenic response
Only germination
27 01 - 5 - - 4 8 Qrganogenic response
28 01 - 10 - - 4 10 Qrganogenic response
29 01 - 15 - - 4 10 Organanogenic response
30 05 - 01 - - 4 10 No organogenic response
Only germination
31 05 - 05 - - 4 10 No organogenic response
Only germination
32 05 - 1 - - 4 10 No organogenic response
33 05 - 5 - - 4 10 Qrganogenic response
34 05 - 10 - - 4 10 Organogenic response,
(sameasin M 23)
35 05 - 15 - - 4 10 Organogenic response
with callusing
36 1 - 01 - - 4 10 No organogenic response




Table4.1 continued

Medi NAA 24-D BAP KN 2iP Sucrose No. of Response

um mgl? | mgl? | mglt | Mgl? | mgl? % explants

No. gm.* cultured

37 1 - 05 4 10 No organogenic response

38 1 4 10 No organogenic response

39 1 - 5 - - 4 10 Organogenic response
with profuse callusing

40 1 - 10 4 10 Organogenic response
with profuse callusing

41 1 - 15 4 10 Organogenic response
with profuse callusing

42 05 10 2 10 No germination. No calus

43 3 10 2 10 No germination. No calus

44 3 2 10 No germination. No cdlus

45 6 - 2 10 No germination. No calus

46 1 1 6 2 Calusa radide end

47 1 2 6 2 Cdlusa radideend

48 1 3 6 2 Calus at radide end

49 1 5 6 2 Cdlus at radide end

50 - - 10 5 2 2 Cdlusa radide end

51 - - - 5 - 2 2 No response

52 - - - - 5 2 2 Germination. No calus

53 - - - 5 5 2 2 Calusat radide end

54 - - 10 - 5 2 75 Sparse organogenes's

55 - - 10 5 5 2 10 Germination. Brown

calus on cut surface

In meda combrgios M4 — M19 with loMme coatdios o NAA (0BG ad
01 nmgl’) wih BAP 2510mgl, te mopogic repoe wes oadc ad  few huks
aoud be naed With inmeee in NAA in MO - M2 gpeaae o cdagic
paugass wes dae & noe rurba o buk wee famad on eah egdat  Duwe to
te deee gomh o huk te rurbe o bubks fomed on exh eqat codd nt be
cdamned The frgey o repose dmsavel in tee mada wee ddamined in
paatee It we gpaet ted te megite o repose vaied amog  thee
cnbrgios ad dd nat fdov ay paen dtough te PGRs weae inoessdd gaddly.
Thee vaidios in repose codd be afibued to the inheat dffeeces naed in the
skduing gamiretion (Chegate 3D).

The meium aranng 05 ngl’NAA, 10 ng? BAP ad 26 sooe (medum
b 2) iduesd rumaos cdogic buks in 3% o te adiues e o
oo comtdion fram 2 © 2 (medum rumbe 23 aoaieed te freguery o
meidareic repone dardicdly to 4% in te LSEC eqats Futhe e in te
aoatdion o sooe to 66 induoed boming o te mada whdh wes daimatd for
te gomh o te doas Torer ad Guia (19889 meck dmila dosavaios in - Albiza



richardiana whae they moied 4% snooe & ooind far doot bd dffaatidion ad
higher levdsdf suoraseinhibited diffaattiaion

Aftr  domaving the podive iflutece o 4% sooe in pee o 24 moe
onbrgios o BAP ad NAA (M2 — M4l wih 46 sooe wee teted with LEC
edats wy 10 eqats fo eh ambrdin Love ooatdios o BAP (0L1
ngl'l), wes indfedive in  indldng mophogeic repose imepadive o the NAA
coatdion whch raged from 01 — 1 ngt (M2 — 26, MO0 - 2 MB — B
Peae o 4% sooe wes indfedive in love conoetrdios o gowth  regldos
OmoEic repoe wes dmved in meda wih BAP 5-15 ngi  imepedive o the
NAA o sooe aatdon (M2Zi-20, MB — FH MP — 4. In the sx meda (MZ7-X,
M3B — 3 wih NAA 01 ad 05 ngi”, BAP 510 a 15 ng' ad sooe 24
agaogeic repoe wes doavad in 233 ad 3 egats au o 81010 ad 10
edats in M2Z7, 28220 ad B repedivdy. On edrgdadion o thee dda to pacatays
tee vduss wae 24 % % ad P Thee vdues ae muh les ten te 5%
e ddned in te medium M3 wih NAA 05 ngl’, BAP 10 ng* ad sooe
% Ths cobrdion is gmila o M-Z3 in whd 48% repose wes dddnad  edlie.
Inmesng BAP ocomatdion to 15myl in M-3B te frpey o maphogendic
reponee dd nat aoatee On te oy clogeess wes asodaed with  cdlusing
Smilaly in meda (M341) wih Hge cnoetdion o boh BAP (15 ng) ad
NAA (1 ngl), inddion o caiogric bus wes asodaed with pofee clitsng The
buk indosd in pese o hde woatdios o gomh regddos  dedffeatiaed
rgidy on tade to te fdlovMng medum wad for  dffeetidion ad dogdion o
shoats

Meda with 24D sSgy o in cambrdion with BAP wee do teted for
mophogeic (Qgaogeess o erhyogesy  repoee (M4249). Altough 24D is
mae otn ued for inddion o ordic erbyogeess but indudion o cadogeess in
peme o 24D is rgoted Soa fomdion in Albizza amara (Rodo) hypoodtyl wes
ahee in peae o 24D (Tom ad Gua 1983). In Leucaena leucocephala,
doa fameion wes digned from te ayledn ad eqicayl eqats when adtued in
medum  ocotanng 24D ad kindin dog with 100 oo wae (Ndaga ad
Qoeki, 1984 Kuma et al. (191) denodrdad dffgatidion o doa buks in
Dalbergia sisso0 from s in medum  aotdnng 24D ad BAP. In Bauhinia



purpurea, Kurer (1999) indoed agaogeic cdus i medum with 24D, Soos wee
regeaaed from tis cllis on adtuing i medum with KN. Howes, in te presat
invedigeion 24D srdy o in combrdion with BAP fdled t induee nophogeness in
thel SECeqlats

Meda with ofddnins like KN ad 2P srgy o in corbirdgios with BAP weae
do teted (M50 — M5 wih LEC Meium abirdion of 02 ngl® KN wih 05
my’ BAP wes dfefive in indudng poifedion of dodt s in te s ling o
meiredart daived adllary maigamsdf tameaind (Mascaranheset al 1981,1987).

It wes daved tet anog dl thee combrdios aly 10 meda M4 — M2
aadatly inbod  mophogaic repoe in LSEC, dihogh te frepuaty o reponse
vaied gedly. The eqaimat wes rgested Wy lage nmbe o rgdicles g thee
arbrdios The dia gaeadad from thee 10 mada ocorbrdios wes shedsd 1
ddidicd adyss g ANOVA (Tdde 42. The dda wes eqresad in te bar dagam
Fg 44). It doas te the calogaic repoese in madun rumbe 23 with 4% sooe is
gqimum when compeed 0 the dhe 9 anbrdios  (medum rumbe 1422), te hed
oo

Tabled2-ANOVA
Sueed deyessof amd menamd F Fteble
Vaidion freedom aes EEs
Tredmants 9 30060 184 322 ~21
Brar 45 47AIP 16816
Tad A 743829

Sgificata
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432 Higdogica sudies

Hisdoged sudes wee ocodded dte for wedks o  adtue  pimaily to
idntify the mophdogy o te gmdl gen palbgavs te gpeaed on the ok ufae
o te egats Sxody to arfim te aign o te buk on te at sufae o te
dongeted  adis It is gpeet fran te hddoged dudes (Fgd5A) te  the
paubgacess wee nopogaic bubs ad nt somdic erbyos It do  cofimmaed e
thee wee aaiios buds whch oigreed dredy from te sbgidamd reggon  thet
wes eqoed de to the it in the evhyo adis (Fg45B. Mitdic adivity wes locdized
on te at aufee o the egats fran whdh the nmeidardic buds gpeaad dredly
without foming s Apprace o te bus wes ssmdroos Thedoe buks &
vaiasdagesd devdgomat coud bessminthesamesadion (Fg. 450).

Direx de novo agaogeess in hypooyl adtues o tamaind is rgooted by
Sma & d, (1998. Hgdoged ddes revded tet mitdic adivity wes locdizad in the
gidemd ad abgidamd odl laes o te epals In or dudy the ot wufae o the
edat wes deod o the gidamd laye ad the midic adiviy wes naed in the ddis
dredly eqoed to the medun Ths reditd in famdion o a maigendic zone The
dhoat budsdevdapad dredly from thismeidametic zonein 3wesks

4.33 Shoat bud donggetion

Bpoare d LEC egats in te intdion medum M-2 fa moe ten 4
weks resdted in  dedffeatidion o oot buk Tradeing eqats with doat  buds
o te doggion medum ocortding 05 mglt BAP 02 ngit KN, 01 nglt cddum
panotheete 01 mg,l'1 bidin 26 sooe ad 08% g ooud patdly draumvet this
Ths daxgion madum wes wd in ar eadlie wak fo  dffegtidion ad doggion
o dods fron eddng meigans usd for dod  popegion o tamaind | (Mesaehes
et al, 198l 19). Muaige ad Skogs besdl medum sypdemeted wih GAs 5 ° 10
° M wes wl by BHwd ad Gldi (191) o doge the tamaind shods indeed in the
odyledoray nocd tise of taraind The soos wee indued in pesse o BAP 5 7
10° M. Honever ot



Fig.4.5

FHg 45 A: Ligt moaygh donng tasee sdon o te
dopged  ads wih clogpic buks  aigrding  fray
aut ufeced theeqant (ber =4501m)

B : Maified ligt maoggh dowing te fomdiar
o aaiios (@) buks from sbgpdmd o
d theeqat (ber=80m)

C : Caloggic buks & vaios dedomatd dage
gpeaing in  te sme  swion  oofim t
asndroousintiaion (ber =3100M)



budbs induoed in the hypootyl eqdats in te dmila medum, dd nat reure a
sade madum ad dorped on edaded indion (Sia et al, 1998). In the presat
invedigetion, it wes dosaved thet in 79 = 84% adtues fev doat buks dd dogae in
the dogdion medum cotanng KN, bt te rde o doa dffeetidon wes dow ad
deiffeatidion wes fat, tedy eqifing te gdle dod buks o diusmg
Sidituion o KN with z#in (2 ad dimreion o g in te dogdion medum wes
patdly dfedive in ahieing fede doggion & a hge freppey o 158 = 108
(Tde 43. Dwe to the fat dffeatidion of the buks to doas in ths madum
dedffeeticion o te buks wes reoed bt nt retided Thedoe ot o the
numaas ldogaic buks tet dedoped in the eqat, aly a fev doggal Soat
dffeetidion ad dogdion wes amdvaos (Hg 46A) ad 112 dod  dogeed
fom eah eqat witn 6 weks (FHg46B). Tre legh o te dods ragd from 1 ©
5on The doxpied doos exated domrdion ad retided dffegtidion o te dohe
buk Removd o the dogged doos from te dute ad redtuing o te eqals
e e o more dooas oot fomdion redwsd to 34 pa adtue in te ssood
pessaed 4wesks Theramaning shoat buds dedifferentieted into cdlus

Table 43 Comparative dfed o kindin and z#in on  dongetion o  dhoas
devdgped on longituding setion of @mbryo axeswith aotyledon
Medium No. of explants No. of explants Freguancy o
PGR ac in aultured responded repone
mgl”) Menzsd)
KN 02+HBAP05 3 2 7984
Z02+BAPO5 b 5 158108
4.34 Roating of dongated shoats

Ood poegin o taaid fron te eddng meides o sy wes
rgpated from this ldboatay  (Meaetes €t al 1981, Maxaehes et al1987). U o
axn mdue crning IAA, IBA, IPA ad NAA exh & 1 ngi™ for a pise tetmat
o 72 h in Whites besd medum (Whites 1982 faor roat indudion in in vitro goan
tamaind $oashesdready been demordtrated, With minor



Hg 46 : (A) Aydroos  dffeetidion o te maidarsic
buk Soas a& vaios dags o dedgmet s
inthesameauiture

B Sois doging fram te LSEC eqats o
tadaring t©0 lgud MS medum aoidanng Z 02
mg* adBAPOSI™.



modficion ssme mehod wes fdloved  for roding of te dwods dedopd by de novo
ogaogess Hopged doas weae idaed from te dudes ad usd far roding In
d, 10 doas wee kgt for roding Sved o thee dods wee laky ad te leaes
wae upgel Roa intigion wes doaved in 108 dodas B339 in 1015 das The
roos o tee pats beame hedhe on ededad imddion far 1520 das i ligt
(Fg47A) o by adtuing te doxs with rodt intds in medum ocontanng  deocd
02

Fon te edding litedres on tisse adtre o woody legumes it is desavad thet
ue o BAP sngy o in corbrgion with axins o ahg otddnns is mog prevdet in
te meda famudios uwsd for indidion o doas ethe from edding meigam o fram
ahe agas via de novo agaogEess On te aoiray axins wsd in the roding meda
fo tamaind by dhe reeades o fo dhe leumnos pats vay  widdy. The
vaios axins wsd for roding in e adtue rdsd doos o taraind ad e o te
aher leguminoustreegpadiesisrevienedin Sation 33A.3

435 Trande of therooted plantletsto sall

The rooed pais wee tadarad to paiing mixue in eathen pot Although the
pates hed vay hedty root g/dem bt mgoity of the paas hed uopenad leaves
On tada t pas te dods o te pais with uopeel leves ddgioaed rgady ad
died fran te tps On the cotray, pats with fuly o patdly opaed leaves dzbilized
in =l wtin 0 das (FHG4AMB). Twalyfour pais suvived on ttadea o pas ad
dablizedingal inthegreanhouse

4.4 CONCLUSIONS

At te tme o intidion o ths wak, thee wee mo rgots on de novo
agaogeess in taraind ad vay fev rgots in dhe legumimos tree gades In the
oue o or wak te fid rgport on tamaind de novo agaogeess gypesed (Sria e
al, 1998 dowing agaogeeds fran te pokimd ed o te hypootyl eqats In
ot o ta, in te presat invediglion, we athieved de novo agaogaess via dredt
avatitiousregenaaionfromthenonmeidareic at



Fig.4.7

Hg 47 A : Hogdion d roa in hdf dregh MS medur
dppematd  with 02 dacd der  pus
trestmat of axinmixiurefar 22h

B:Ratingal



afere o mere arbyo ads e@at o tamaind The atedmat o te ayledn ad
threaiantgion of theeqdat waeimpartant for marphoganess

The ¢y indwkd in tis pee o wok devograed inddion o de oo
dopess fran te at arfae o o 4% - T LEC egdats cn MS medum
apdematad wih NAA 05 ngi’ ad BAP 10 ng' ad % sooe The dods ooud
be dopted ad rooed to fom pates Hiddoged ddes oofimed te  ab
gidand  aign o te coggic buks from te eqats whch ldr on wmed i
shoct buck Therooted shoots sunvived in <oil.

Ths type o a rgeedion padood for bud fomdion asodaed with  the
woudng ste is dten wad fo Agdoetaimiredaad  tadomdion to gaade
geeiicdly modified pantswith desired dheradristics

Pat of thiswark hesbeenreported in thefalloning pubdication:

Rggedion o pdais via aveitos bud fomdion  fram
2ygicemayo adsd tamaind (Tamarindus indica L)

-Umil IMehia KV. Kridgremuthy and SiddaHaza

Curr. Sci,, 78: 1231-1234, 2000




CHAPTERS INDUCTION OF SOMATIC
BEMBRYOGENEIS




5.1 INTRODUCTION

The &ty to indbee sdic evbyogeness () in pats gpeas to be a
unvesd tat te oourare o which dpads on te iMgadion o a  gypopide
e wth an gpomige indudion dimuus Indudion o arbyogeess in pais  oe
o te dgificat ahemmats o eqaimetd erbyday, hes beome & eqaimetd
tod o baedhdoy. Ths pheomen wes fird desoibed by Sewvad et al. (1958 in
cara for deakss ap Theedta, it dwas remdnad a toggc o ineet for te
regdas Ths ramakdde poges hess ben meck in te am o rech ad
gdicetionaf emtryogeness

Somdic embryogeness hes ben odind by Hadus (19/8) & a nonrsedd
tedogmetd pooes whidh poduess a bpda enyo fran somdic tsses They ae
bdieled to oigreie from dge ddls whees ogas repede trogh  aledtive
agaizdion d may ols Thedae pats daived fron sondic evbryos ted to be
geicdly dke whle toe rgpedad trough ogaogeess ney redt in a gaHic
mosc Soreic aryss hae dwas ben asmumed b hae a dge ol aign
dtogh erbyopess hes e ben deodded codisvdy from a  Srge  isdasd
adl. Wiliars ad Maesvaan (1989 sopeded tet someic evbyos ooud  aie et
fan sde odls o from goys o odls Rodf o a dde ol aign wodd be te
peae o a sgasx with te smdic eryg wheess a muticdlda aign codd ke
idcated by the fuison o te sndic erbryo bee with a boed aea o paeid tse
Sed apats & E datng fran hdoicd to mdenda apets hae ben doussd in
recat tmes (Thope 1995 XHn et al., 1995 Bgg, 199%). The swoesfu indudion ad
sbset reovay o Vvide pats dtough ndt a roding hes ben posbe in may
pats ad hs ben motd in wwd hebeoras doos mooos ad woody  tes
idwing gymogpams Sifidet  ifomeion hes  aoumdaed  duing te |l tree
dakes on te iddon o & erbyogaic dae fdloved by  hiodiffeatiaion,
meurdion ad gamirgion o wreic evtyss (Melke et al, 19%). The paetid o
ertyopess daive from numbe o fados te invdve hich regpadive cpedty, the
dilty to rgggede from dnge s in boh gadogpdyvte ad gogiyte tsmes te
bpdaiy o erbyos ad onpadnes ad boad meddic poatd o eryogeic
tissue (Janick, 1993).



Apdicetionsdf S mey besnmmaizad ssfdloas -
1 Clond propagtion : Somelic emyos  dfe poatid edvaisgess ove  aonvatiod
miagaropegaions/geminduding

hgh pdifedion rde As may & 135 mlion erbyos pa lire sgEEN
aulture (Janick, 1993)
dgddior Exch erbyo beng spaade pokap @ ke hedad witon  the
physcd sgparaion reguired fram agenogenessar &xillary brending s/das
bpdait: Wel-dedoped erhyo aotans o ad  doat maigers Ths
corvasonto sesding canbedatanadinsngessgp
promisedt dondl propeggetion : viasyrnthatic ssad tedhnd ogy.

2 Crapimprovamat:

Soeicarayopessd fasanumbe o gpionsfor agpimprovemat

Sneic erhyogeess @ be uiizd s a rgpedion winige foo
dadion o otaneous o inducad mutaions Sdedion for st tdgance  ad
dsee reddae hes poen  dfidat  in erbyogmicdly  ocompdat clus
ises o dtus (Liz e al.19) HamesHay (190 ad Hamesha ad
Ogjaov (190 rgoted in vitro sdedion o erbyoggic adies o peach
(Prunus persica) for reddace to the toxins prodused by Xanthomonas
campedris pv pruni, te castive apt o bedaid lef g0, ad Pseudomonas
syringae pv syringae, thecausedt bedaid cake.

Cimgisn is ae d te mgao hudes o be owoe in te cue o te
dedgmat o a patoda woody pat muat Sodic evbyos ddaned  from
sge imadaed odls hdp adding dimess duing sedion degs After the
musgeic  tesmat, wdl  dedogpad sneic eryos ean ke gaminged  ino
whde pats It esres e doat &8 wdl & roadt gam is o the muded type
O muat evbyogaic o liness ae didned mess poddion o pais cn
be evisged d yexr roud Ths dety sy e be o exoamcd inpatance
for neMy rdessed aultivars

Aats repedad from sodic evbryos dgday a hgh geeic wifomity. Thus
lage popdaios @ be dianed from hgly hdaogygos ad  outresdng



gxies Ths uwifom megid is an idd popddion far muegeess  tresmat
Egaadly, if oatan eqaimets hae to be rgpeted the codat appy o
evenaged embryos o dlartsisadvantageous (Henzeand Sdmid, 1996).

Immeiure erbryos o inagedfic pats from  inoompdibde  aoses (Mekle
al, 190 my be rexed by aluing ten fo  soday sordic
erbyogress ad dmdienendy te pat is mutigied Ths hes ben  eqatsd
& meEms o dianng pats from inggeaic hirid erbyos (MdGaehen €
a., 1986 OdessAkine €t al, 199). It is a widdy usd tednige o resue
arbrycs tet romely éot in wide aoses ad is an edddided tedriqe
datein vieble plantsfromincompatibleinter oedific arosses

Bexing & te hepldd pddy led dfas alateges @& a dedic redudion o
ime nexed t podoe homaggous pats and eqgreson o recesEve ges
Haddd pats cn be didned in vivo though  oyogeess adogeneds
ggore dimreion smgme ad by dend ad pysd temets adh &
het dok, X+as ad UV ligt (Fak, 1987). The frepery o thee evats is
honvess, low.

Theodicdly, dl 995 meoessay in a hgdad bedng dee en ke
codoel by Wy seic erbyogpes Remekes et al, 19%).  In
rnumaos aies lage nmbe o hgddd evbyos ean ke dhaned by adtue o
moopoes a atas (von Adekes ad Danking 19983, Adan & d, 1990 Lah
ad Ingan 1983 The hglad earbyogaic lines e be muiidied ad
menaned by soday sndic embyopeis Briyes o te Heded  lines
wil be wad to dode te pady levd. In Brassica napus (Lch ad Ingam
1983, B. campestris (Adam et al, 1900 ad dtus (Hkedb et al, 1982), this
wes aordided by adtuing omeEic erinyos fo sochy  erryogaess i
te pesce o oddidne In Asparagus officinalis (Feg ad Wdyn 191) ad
Camdlia japonica (Kao, 1989 te pdddy led o eryos dotded
gotaeody in a lov frapery. SHaedion d dodded sondic erlwyos in a
dae tet they ae dll erbryogaic dlons te rgid mutigicion by  ssoonday
areicamnayos



Beage o te ase o veda ometios bawen te nuodils ad dohe
meard  tses  pdyarbyogaic ies ae gaady free o ifedios e
mgt hae dfeded te paat pat Smilaly, pats daived via embryogaess
fon nuodls o nudles s wadd do be free o pahages  indudig
viruses (Jarnidk, 1993).

3 Produdion o mdabdites : Seak ae dodowss o may impotat poduds such

& dadh fas oals paods Thedae ddlogn adives hae ben sagpeted & a
meas t gntheize derdde medndits (Al-Aba et al., 1979). Lipd sgntheds hes
ben fdloved in erbyo adtress in b o aies idwdng oo jgdm
boegg rgpe s\l Brassica napus (Netin et al, 199, carat (Bridk, 191, Weber
et al., 1999) andiin pearut (Mheskeand Hazrg, 1994).

Gampaan premvaion : In me fpades like ocooog cooot, mengd ad i
sgiy te tadiod agn wad far pemvdion o ganpan  ae  deocion
setive ad tus canat be doed by tadtod tedniges Ths ean ke oweare
by aygremvdion o nmere o immeue zgadic o omdic arbyoss  (dnidk
1998 Sxh opogEic doae sdams ae ude dedgmet in sved  foed
gdes ad md dudes dov ths o be a fembde mdhod o doing embryogaic
tises (Kate et al, 1988 Dumd e al, 1993 Ldre et al, 192 Klimeszenka €t
al. 199).

Trandormdion Someic evhryogeess is te mod otn usd e adtue gdEM
in woody pats far gaeic tradfomdion (Hadey et al, 19%). In woody pats
Agdedeium  medaed  tadormdion hes ben wd 0 rgpede  tadamats o
magp (Mahews et al, 199, Carica papaya (Ftch et al, 1993, Jdas
MdGaden e al, 1990), Picea mariana (Mill) B, Pinus strobus L ad Populus
spp. (Tien et al, 199. Diret DNAMedaed tade mehods ach & bididics
hae ben wH on erbyogic ales o Picea glauca (Hlis et al, 199),
Liriodendron tulipifera \Wide et al, 1992) ad Carica papaya (Fitch et al, 1990),
Picea mariana (Mill) BSP, Pinus strobus L ad Populus spp. (Tien et al., 1999).
Exch o tee tadomdion mghos hes ben wsd in £ fse adue sdam a



relat rgot bang in te wdnut  somdic  embyogeesshesd  trandomeion ydem
Esder et al, 200. The alaiays in wng sch sdam ag noe rumbe o
regpEats an be diamned aigrding fram fev o sge odls whidh imesss  te
likdihood o aheing tadomed odls Sxoody dimeic tadomats oded in
repditve stems en leed to ddanng whdy  tadomed  indvides (Bkea  ad
Wezden, 1992

6. Badc dudies : Somdic embyogaess d0 povds an impotat tod far te adydss
d mopdoged, ndeda ad bodermicd emts te oo duing  inddion  ad
meturation

The pooess d aryo intidion ad dedoomet is cdled embryogeeds It is
ddgnd fromn ogaogeess in te te podadt faomed s atoomos ad is
comeded with ay dohe dudue via vesds In padice dl the poossss in which
dodt ad road pdes dedp noe o les gmdroody ae induded in s tam
(Thope 1983 Sved typss mey futhe be ddingised besd on te aign o the
metgid (table5.)

Table51 : Clasdfication of embryos(Bhgwani and Razdan, 1983).

Type Origin

Zygoticembryos Formed by fertilized egg or the zygote.

Somaticembryos Formed by the sporophytic cells, except the
zyqgote, either invitro or in vivo

Adventitious embryos Somatic embryos aising directly from other
embryosor organs.

Parthenogenetic embryos Formed by the unfertilized egg.

Androgenetic embryos Formed by the mae gametophyte (microspores,
pollen grains).

The first report of SE appeared when Reinert (1958) demongtrated the phenomenon
using carrot callus. Embryogenesis that occurs directly from cels of the explant without a
cdlus phase is identified as direct embryogenesis Indirect embryogenesis involves calus
proliferation from explants prior to differentiation of embryos. It would be convenient to
diginguish a third type viz. repetitive embryogenesis where embryos arise directly from
primary somatic embryos (Thorpe, 1983). Somatic embryos formed either directly on
explants or indirectly through a cdlus phase often show a tendency to undergo secondary



embryogenesis to give rise to new embryos. This phenomenon has been referred in literature
as repetitive or accessory embryogenesis (Ammirato, 1987), recurrent embryogenesis

(Lupotto, 1983) and pr olifer ative embryogenesis (Stamp and Meridith, 1988).

Once embryogenic determination has occurred the commitment of a group of cels to
integrated development as an embryo depends on the maintenance of coordinated
embryogenic behavior and the suppresson of any tendency of individua cels to act
independently  (Williams and Maheswvaran, 1986). Secondary embryogenesis then can be
explaned as an expresson of cells, which have broken away from the integrated control.
Secondary embryogenesis is considered as one of the mgor causes for absence of synchrony
in populations of somatic embryos (Ammirato, 1987). In manipulating embryogenesis, two
media components in particular play crucid roles. These are auxin and nitrogen (Kohlenbach,
1978). Hdperin and Witherdl (1964) firs recognized the importance of auxin. Further
studies showed that the process of SE normadly takes place in two stages. First the induction
of cdls with embryogenic competence (referred to as embryogenic masses or clumps,
proembryos, proembryogenic tissue) in the presence of high concentrations of auxin. Second,
devdopment of the embryogenic masses into embryos in absence or in presence of a lowered
concentration of auxin. 2,4Dichlorophenoxyacetic acid is the most commonly used auxin.
Reduced nitrogen in the form of NH: is aso required (Kohlenbach, 1978; Wetherdl, 1979).
There are a few recent reports on induction of somatic embryogenesis in presence of
cytokinins like Thidiazuron (Qureshi and Saxena 1992, Saxena et.al.1992) and BAP ( Maik
and Saxena 1992).

A subgantid amount of information has become availdble in the last four decades
since SE was first recognized. Nevertheless, the successful induction of somatic embryos and
subsequent recovery of vidble plants is not routine or efficient for the magority of species.
Currently the trend is towards the recognition that embryo development is comprised of
vaiety of different stages involving specific patterns of gene expresson (Goldberg et al.,
1989; Hughes and Galau, 1989; Kermode, 1990). The sandard use of simple two step media
seguences to promote the induction and development stages of embryogenesis origindly
identified by Kohlenbach (1978) is proving inadequate to accommodate the multiple and
disinct phases that undergo in the course of their ontogeny and subsequent development.
Therefore, the more closdy the pattern of somatic embryo gene expresson matches that of

zygotic embryos, the greater chance of obtaining highly efficient regeneration systems. Such



normaization of gene expresson patens will be achieved through the optimization of
media and culture protocols far each individud stage of embryo development.

All somédtic cdls within a plant contain the entire st of genetic information necessary
to create a complete and functiona plant. Tempora and spatia expresson of genes is tightly
regulated to pemit the differentiation of various organ systems as the plant develops
(Goldberg, 1986). The induction of SE mugt then condst of the termination of the existing
gene expresson pattern in the explant tissue, and its replacement with an embryonic gene
expresson program in those cdls of the explant tissue which will give rise to somdtic
embryos. This concept was first embodied by Sharp et al. (1982) and Evans et al. (1981),
who used the term “IEDC’, for “induced embryogenic determined cdl” to describe an
embryonic cel that had originated from a nonembryonic cdl. Cdls from plant embryos,
which dready express an embryonic gene expresson program, were termed “PEDC”, for
“preembryogenic determined cdls’ (Shap et al., 1982). For the purpose of regeneration,
once obtained, both IEDCs and PEDCs are functionaly equivalent, and both may be referred
as “EDCs’ for “embryogenic determined cdls’ (William and Maheswaran, 1986) or smply,
“ECs’ for “embryogenic cdls’ (Carman, 1990; Merkle e al., 1990). The later term is
preferred, because the formation of SE is not inevitable fate for an EC, indicating an exigting
plasticity in the cells not adequately conveyed by the term “determined” (Carman, 1990).

Treatments to obtain SE thus depend on whether the explant tissue cansists of PEDCs
or non ECs. In the first case, a stimulus for cel divison may be sufficient for the formation
of a somatic embryo on a tissue explant, in a process referred to as direct embryogeness, as
the somatic embryos appear to rise directly from he explant tissue. In contrast, non EC tissue
must undergo severd mitotic divisions in the presence of an auxin during the induction of the
EC date. Cels resulting from these mitotic divisons are manifested as a cdlus, and the term
indirect regeneration is used to indicate that a cdlus phase intervenes between the origind

explant and the appearance of somatic embryos.

Any cedls, which can develop into somatic embryos, are said to possess embryogenic
competence. Whether these cells are target cells which respond to speciad signas or whether
most cdls have this capability is not yet known. The selection of specific developmenta
sages of explant materid, conditioning media, sequentid tranfers and  gppropriate
environmental conditions are generdly necessary for successful embryogenesis (Table 5.2).
The primary events required for cdls to enter the developmental program of embryogenesis



are unknown, but the techniques are avalable to begin to address this question (Tulecke,
1987).

Table5.2: General protocol for SE and plant propagation (Tulecke, 1987)

Stages of the process Factors involved

1. Sdection of materia Genetic base, tissues used, stages of development

Light, dark, temperature

Conaitions Conditioning, inductive, sequence, frequency of
Media transfer

Direct, adventive, repetitive
4. Somdic embryogenesis
Indirect, suspension of cells, protoplasts,
screening

, Maturation, selection, dormancy, cold treatment,
5. Somatic embryos abnormalities, growth requirements

Primary root, cotyledon expansion and greening,
6. Germingion epicotyl growth, leaves
Transfer to non-gterile environment, dilute

7. Propagation in o Pﬁﬁgﬁ;g :I ution, day length, ambient humidity,
Gradud lesf development in ambient
temperature and humidity, hardiness to
8. Acdimdtization atmospheric fluctuations

Test for clonad or variant characters, selection

9 Evaudion and screening of plants

The ggred aogr dot te key ndeda emts duing iddion o  eryo
dedopmat from somdic pat odls is desmibed in a reat redev (Dudts et al,
19%). Urike daher ageisms in pdats te dcdida tdipgery edaxds nat aly to the
odls in te zygic ebyss bt do to te smdic odls Heddlity o te
dffeetigion pogan mekes it posble to gaade te erbyogEic ol g2 in fuly
dffeeticed cdl ude ddined codios The ret o te whde atogaic pogan
by intidion o SE repres an esatid rgrogyanming o te gaee eqreson  peten
Afte  addidmat o the pedos dffeetided odl fudios tdipotet smeic  odls
with mezabdic daes smila o tet o the fetlizd eg odls ae fomad duing te



homore idoed odl dvisos A lage nnbe o empicd domvdios on vaios
erhyogaic  fise oade gdams ad te redts o hiodemcd, pysd  ad
dudud dudes gppot a geed coogt, which enpeszs te oard rde o
homoe o dressinduoed  adivation o 9gd  tadudion sdas . Cosquatly  the
inemely trammited dgd tigger a swmies o odl dvisos te leds o the fomeion
o ether dedifferantiated callustissues ar sameticembrycs

The indwdion o FE in woody peemids is retided de to te daates te
mekethem moreinredeblefor dLdies Theseare:
(D) Sot send paiod for te adlddlity of ay patoda tise o a devdopmatd
dae for aire Q long paiod repired for repedion (9 freuet podudion  of
phendic acompounds  dc  (Tueke 1987). Inpte of thee limtdios £ hes ben
ahed in a rurbe o agogans hboh doylebs ad moooyles  indudg
lgumes (Parat et al., 19%). Sl mot woody pats gpexr to ke recddtat ad
raine rggeedion o pats be it dthe ogaogpels o E is rae Rdders ad
paetids o tse aitue in foet tee impovamet hae ben dossal  edasvdy
(Hasg et al, 1987). Altough adlay soot adtue is te mot pomisng  dottam
(25 yer9 posshlity for commedd popeggion it is peumed tet in te  logdem
(10-5years), FEislikdy torgdeceshoat adture

Tree lgumes hae ben ooEdead hgly reddtat for e  adiue  Whle
rgots on ogEopEEss hae ben noe freget, rpats on SE hae ben les
Lddm S8 199. Gayd ad Maetwai (1981) roted FE in Albizzia lebbeck.
They oodd reove patles from hypooyl eqats via dred emtryo forrdion  Tomer
ad Gpa (193 dwEnd seic erbyss via s from hypooyl o  Albizza
richardiana, which coud be ldg cowaeted to pates Trigao et al. (1989 aod
ahiee aly gamindion bt no covedon o the sdic entryos in Cercis canadensis
aigreed drefly fran te immeue zigdic erbys Lda, Gaee ad Kedg (1990
ddaned whde pate fron te erbyos o smila aign In Cladrastis lutea Weaer
ad Tigap, 191) smdic erbyo oigreed dredy from  te  immewre  ayledos
Bu thdr covedon to pate wss vay low. In Acacia koa (Sdmen 1985 <aveic
ertrydcs fomed from sding hypooyi ad  seding  tpsdeived  odl gpaEm
adires Comvason o thee sndic erbyos codd mt be didned Haides ocodd be
reggaaed via it arlyogeess from immeue . ooyledndaived s o



Acacia catechu (Rout et al., 19%), immeure evibryodaived cdiis o Acacia mangium
Xie ad Hog 2000, immdue evogemdaived nodda cdus o Acacia  nilotica
Gag et al., 19%9. Cowason o somdic emyo oodd ot be ahieed in Hardwickia
binata (Des € al., 19%) ad Dalbergia sissoo (Dss e al., 1997), repadtivdy. However
in Dalbergia latifolia, Ro ad Lddm S (199 oud indie dret someic eryos
in te immaue zxpic erbryoss ad ocovated thee arhyess to pates Anillaga et
a. (199 dova tet immeue sk of Robinia pseudoacacia, on cdis regeaaion
podoed  <oreic  erbyoss which convated o pates  whle Meke ad  Wieko
(1989 damodraad patle coveson o omdEic anbyo disned & a lov  frequey
fromimmetLressacsinthesamepaies

Altogh SE in woody pades is nat limited to zygdic erbyo eqails  te
dedpng zge geady dons a high paetd fa £ Wiliems ad  Mahesvaan
19%9). Fon the aove litgdue in tee leggumes it gpeas te  immEre  zygoic
emhryo, hesthegatimum paertid forindudionof £

Kegong this in view, demps wae mece 0 dadadz a poood far somdic
arbyoEess in tamaind wng immEue  zygoic evbyss (ZB. Ths eq@at hes a
mga dsvatae & te IZEs ae adldde aly far a limted paiod in the yer. In
ths pat o Inda tamaind tes dat floveing fran te moth o May ad the paid
lgs tll Jy. Thouh the floMaing is podfue in tamaind, te frut s ude reud
codton is vay lov ragng from tree o five paoat (Kade e al, 199). The fruts
beome vishe from te moth o ly. A vay hich dgee o vaidios wee naed in
te fut legh bedh ad numbe o sak Ros ragmg from 1:12 an in legh ad
odleted duing A il Dearbe wee w in te eqaimats coduted in te
yas 1997 ad 198 Thee eqaimats wee pdimray in rdue to idaify the rngt
sen for odledion o IZE gpopige d2 o te IZE dfetive gonth redos
gpodimee  cooatrdion o swooe mahod o dssdion, mahod o axfae
dailiztion o hary pods inodeion peiod ec The dda incopoded in this  deter
wee rasd from te eqaimats coddsl in te swos o 199 ad 200 with the
IZE igdaed from the podks o patoda legh odledted duing the idatified paiod o

thessesn



Thee ae a fav rgats on in Vitro regeadion of pails via agenogaess ey
maidareictisesdf tamaind Hovesa, thareisrnorepat on E

5.2 EXPERIMENTAL PROTOCOL

521 Prepardion of elant

Yorg poks o Tamaid ragng from 212 an in legh 115mm hexdh ad
0815om tdees haing 18 aompatmetdizd ondes wee havedsd from te  tress
goning locdly (Hg 51A).  The yoaug poks (FghlB) o taraind ae hary. The pods
wee sbed ude uming B wae o dimree te de patdes trgped in the
hers The pos wee wehed with ddegat for 10 min Afte weding thaoughly  with
ddiled wetea, thee wee teged fo hf an hor with 01% uion o a fugdde
Baidn®. Ths wes fdloved by tetmat with 26 (W) Sadon for 10 mn The pok
wee wehed with ddilled wae ad tadered to daile boles Fom ths g
awads te poes wes cned o ude aglic codtos The pos wee treged
wih 01% Hgd> fao 15 mn ad waad 45 tmes with daile ddlled wae, to
rmoe aming Hge. Thee youg futs wee dssged logtdrdly (Hg 52AB)
ad immeue sk wee igdded The whtt ad t\Bds sd o wes ramoved from
te sk t di@n te immaue 2zgdic enbyo (Fgh3) eqat (ZB from the
liqidigdatinousendogoam

522 Initiation of aulture

Muadige ad Swoogs (1992 bed medun gppemated with 6% sooe
wes W ad dffeat fados wee teded The meda wae apdematad with 6%
apee ad oded Wy 02% FyedO  wles dhewie metoed Qitress wee
incubeted far B0 cys

5221 Gromhregulatars

Vaying cooatdios (05 1 3 5 ad 10 mgl’) o dffeet gomh regidos
idudng ~ 24ddHoophey  adic  add  (24D),  a-rgitdee adic  aid  (NAA),
245tichagphenay adic  add  (245T),  d-oooaisc  ad (darty ad 4
anine356tidiaopicdinicadd (Adoram) waes pieertedin MShes medum



Fg 51 (A) Tamaind treeledenwith fruits/ pods
(B) ImmetLrepodsdf tamaind



Fig.5.2

FHg 52 : (A) Tamaind pod patdly dsseded to epoe owle
Immeire zygoic . evbyo . (1ZD) smouded by
odainousendogoam (ed) and sesd acet ().

B) Disted tamaind pod dowing wo dffeat dzs d
immetLrezygaticarryos(IZE) inthesamepod



Fig.5.3

Hg 53 Vaios dzes (X6mm) o inmdue zgdic evbyos (2B us
asseqat faindudiondf someticamtryogaess



Al te govh rgddos wee poued fam Sgra Chamicds USA. The  medum
wes ddgibued in tbes (5 150m). BExh tke ocotdned 20M meum R IZE
wae adted pg e in tee mada Bpaimat wes rpeed 4 tmes wng D
edats in eh Baimats with vaying oamatdios o dama wae g
futher.

Immeue  Zygdic eroyoss wee adtued in MS bl madum ydemetad
with vaying cocetrdios 05 1, 3 5 ad 10 ngl') o Thdauron (TD2). The
medumweasddributed intuices For IZEswareaturedinesch tube

5222 | dentification of explant of gptimum sze

Immetre zygdic evlryos wee dssded from e pods The dzs o te
arbys wae ddamined with rdaee t0 a Sde pasd doe 0 te dte o dssdion
in te lanner aflov. Immeue zgdic eviyos ragng fram 2100tm (Hg 53 wee
idaed from te daiizd pos ad adired on MS bed meium oodnng 5 gt
dcarba Brayossrdle tren Inmar lage then 10mmweredscadad

5223 Carbdydrates

Sooe & ootdios ragng from 286 wee tted t0 ddamire te
giimum  cooatdion  fo erbyogaic repoe Two abdyddess  indwdng duooe
ad fudoe & dffeet ocoerdios wee  aibditisd for swooe ad  teded  for
idudion o gadimum  embyogeic repoe in te IZEs Bgats wee adtued in MS
bl medum apderated with daarbe 5mgl ad 26 446 64 86 o eh o tee
cabohydees Qitues wee dvidd Mo two goys Oe gop wes inobeed in dak
wharessthedher goupweasinouceted inligt. Suorosed 6%owesussd esconird.

5224, Influencedf cultureconditions(gdling agents light, dark, culturevessd)

In the fid epaimat aldesd t ooimze te adtwe codiios the influece
d lgt rggme wes tedsd Immeire zygoic arycs wee adiuad in tuoes  aontaning
5 mgl" daarba Thee wee imbeted in o ligt rejmes 16 h ad 24 h ligt
aodtas



Sod eqaimat wes coduded o dudy ad compae te dfeds o phytad
ad am, ligt ad dk ad tt ths ad pdiddes Inmewre erhyoss ragrng in
sz fom 16m wee altred in MS meiun gyperatd wih denta 5t ad
e 0 Meda wae dled wg date sgg (Queliges Fre Camicds Indg o
FyedO. Mada wih ap o phyiegd wee ddaibued in Boodl meke das  tbes
(B 150Mm) o in dyosde palic paiddes G 15mM). In s 2 mada
wee ddibued whaess in 55rm  paidides gpoodmedy  10m madum wes  poured
For immere zyoic evbyos wee adiued in esch tbe ad Sx IZES wee adtued
in exch pdidsh The adiress wee dviddd b wo gays Oe gop wes inobesd
indak wharesstheaher goupwesinouoeted in 16h light & 25+2°Cfar 60 days

523 Explantsfrom different tress

To dgamire te rgodublty o te poood, immeue pos wee  odleted
from five dffeet tes ad I1Z6s igdaed fran tee wee adired in MS  besd
medum  sypematel wih deamte 5 ngllad 6moce Fyad 02 % wes s
fo gding Twaty mililite medum wes ddibued in tbes Briryyos ragng in 9z
16mm in 922 wee adtred For IZBs wee adtured pg tbe CQutes wae  inouoeed
in16nligt a 22°C. Thetreeswaeidantified sl I, 111, 1V, V.

524 Ssoondary/Repditive SE

Qitre donmMng someic evlbryos wae dified © fresh medum dag with te
aigrd  eqat fa futhe pdifegion in MS bed  meium  sppevetad  with
data 5 nmg!, &moce ad 02 % pyad. Sbsuely tee wee siaiue
infresh medumd samecomareiona niniave o 60cbys

525 Higdogical sudies

The IZE & dz2 3 ad IZE e@at dowing erayogic repoe wae
sbhetad to hddoged dudes Times wae fixed in FAA fo 48 h & room
terpgare  Thee wae ddydaed (Sion 225 ad arbebd in padfing Said
sgios wee at ad wae dodde daned with heameioglin — edn The damd
sdions mounted in DPX, weredLdied undar miaosoope



526 Maturation/ Gamination / Convearson of somaticembryos

Somdic  erinyos wee sbedtad to vaios adtue oodios o ahee
meudion, gamrdion ad ocoveson Thee wee tadarad on MS besd  madum
wih o witout decd, with 10 % soos ad with love cooatdion o daarba
Meda sypamatsd with dffeet ofdkinns indudng KN, BAP, zin TDZ doe o
incombrgionswaredso teted. Spdementation of ABA wesdotried

The reddtrae o e legumess is den mationed in the rediens ad rgots
Atough a lage numbe o tes hae ben reggedsd via sndic  erbyogeess
rgots on sareic arbryogeess in woody  legumes s rdhe limited (Lekdm Sig
199. The limtd gaoes in rggeedion o lgguminos tree gedes via SaTHic
ertyogaess hae ben aribued to vaios fados whidh limt te dudes on ths
dredon  Whle waking on sneic erbyoggess in tamaind we  evoutead ®ad
o tee fados Afte <me fuile dfots fao a bi€f paidd to idee E in sading
egats lke mewe arbyo ais LSEC oleos dc dation wes dvatd tovads
te e o iIMmeEue zgic aeryos far inddion o aroyogpeis In te lod
ggodimgic codtios gen, w\dy fruts o tamaind ae visbe from ly. The pods
raven gen il Dearby diowh te o o te pod beomes had BEdasve
pdimray dides wee codudad in te fruting ssssos o 1997 ad 198 Inad 1ZEs
with ad witou sed ot weae igdaed from te pods o dl szs duing te nmoths
fram y t© Demamba. Awins ad siooe & vaios anatdos wae tedsd It wes
noed tet the ebyos o 16mm g9z repod in noe ten ae axin  Brayogaic
reponee gpeas in 3 to 8 weks The dia o thee eqaimats ae mat induded in this
theds The infamdion ggeaed from tee e@aimals wee hdpd in paming ad
desging te eqaimats cied at in te wo sbsget futng seos o 199 ad
200

53 RESULTS AND DISCUSSION

531 Explant source

Intging te dedoometd pogan foo E fram a ddl o a gop O ds
frequetly dgpads on te e o the eqat sue Thus rdes to the codtias
ude whd te sue pdat wes gomn ad te dagep o dedgmat o te pat pat



from which the eqat wes tken Jmvaile tisses o oatan typss gper to be moe
sitbde fo imdwion o SE (Tueke 1987). The dedging zudic erbyo  eqat
ggady dons a hgh pogtd fo E Wiliems ad Maewvaa, 1989). In e
leoumes baing a fev rots Gayd ad Mdetwai, 18I Toma ad Gpag
19833 Ga et al., 1996), moet repartsof SE arefrom zygaticairyo

The immeue zyoic arbyos elen when dssdad fraon a dge pod wae ma
dwas o the se 92 ad rapgd bewen for 0 five 928 S the mecoxoicy
vidde sz2 o ~Inm wes te led sz Hedad whle te madmum sz d ~10tm wes
tken for te pdimny egaimats aly. IZBs ragng from 1-6om regoded in
altres Thadae arbyos d thee 92 wee usdd & intd eqat in te peat
dides Bgats o te reured 922 wee didned from the pos adleded in the firt
wek o Sgtarba to te fid wek o Oddoa. The IZE o 1-6im wee wdy faud
intheovulesof 8 10hmlagh

The IZE wedng o erhyo ais ad @ oyleos wee igdel di
mod o te wie ad e s od ad ligid ¢ddns edbpem  Thee
oglats repoded in adre Tre 1ZBs with te sl et dd mt repod in adie
ad wred bomn ad redic Te emyo ads ad oylabs when igaed  ad

cuitured sparatdy wearenat rejponsve

532 Initiation of aulture

5321 Effedsd gomhregulaars
Inpte o te vt litgadwe on  <rdic  erhyogeeds  the nutitiond
reramais fo E ae mt wdl udadood They ae nathe adfic nor exdusve

Snoevaiousredpes proouiceresLits
Ididion o FE with may wooy geies hes resited  pedominatly
fom the ue o 24D. Tigap et al(1Md) uw 2 o 3 mgt 24D wih vaying
ammmum  ion aatdas in Shek  ad Hilddbad bed medum whle Gaee
ad Kedg (190 uws=d 5M 24D in nodfied WAM madum o atiee E in Cercis
canadenss. Weaer ad Tigao (190) wd 9M 24D fa 8 weds fdloved by
28M o NAA for 3 weks to dtan E indudion efed in Cladrastis lutea. Duing the



& imdon fom immetre zupic evhyos o dhe leumes ke pent, 3 gt of
24D wes enod (Hama et al, 1989, whees Sgpe e al. (199 wed 3 gt of
245T in didpe In nonleuminos tee geEdes  Eucalyptus  citriodora, 3 ngl™
NAA hes ben s for iddion o dret £ flom aleos whle 5 mglt NAA
spdemetad wih 50 mgit caEn hyddyze ad 50 gt duamine wes usd for
te meneece o ervhyogEic aitures (Mudichen et al, 1989 Ardhe  hatidce
with axirHike popaties pdoam hes poven t©o be vay dfetive for mamaee o
evbyogic odi ad pat repedon fo log peics (Uto 4 years in atues of
ddopgamid Tedne (Zea diploperinnis i Doddey ad Guaman)) (Redosa ad
Vasl, 1996).

Though amayogaess wes modly induosd by te ue o axins oftdinss hae
do ben erpoed o diaan te repred dfet The ue o ofddnn done o ddan
sreic ariryo  fomdion from IZEs is wdl efddided in a wide rage o gaies
idudng  bah  gymogems (Nogead ad Krogdip 1991)  ad agogans
Mdesvaen ad Wiliars 1984 BAP doe wes wad by Tomar ad Gupa (198%)
to ahee E in dis altres o Albizzia richardiana, Soreic  emayogess
oaured on medum arianng TDZ  drgy, in ggaium Queh ad sxeg 199
ad in peu (Sxem etal, 199). A reat rgot deoibes e o TDZ dag wih
IAA, far EEinAcacia mangium, atreelegume (Xieand Hong, 2001).

A meun wih cmbirdion o KN ad NAA wes fouud t© be badidd in
indldng indret &€ in Acacia catechu ad Hardwickia binata (Raut et al., 199 Des €
a., 1996. KN ad 24D spdemated medum syppoted E in clusdaived  adtures
o Dalbergia sissoo (Des et al., 1997). Make ad Weko (1989 ad Anillagp et al.
(199 ws 24D ad BAP in anbrdion © e idrex E in Robinia
pseudoacacia L. whle Gag e al. (19%) athied indrex E in Acacia nilotica with
thesamegronth reguletors further Spplementad with cesain hydrdlysste (CH).

The raits o the eqaimets codded o idaify the sitde amin fo SE in
teraind is induded in Tdde 53 Vaied reposes wee nmoed in e eqats In MS
medum te oyledos ad radde tumed o ad neadic In some eqats purude
wes doggadl whaes in some te hypoooyl regon dogeied Honveva, thee axes
naither differentisted nor produced sometic etryos (Fig 56A).



Fig.5.6

Fg 56 : ABD Rego=e in te IZE adtued on MS bed medum ad o
vaios axns forlED days Cowatdion o axin usd ir
eschmedumwes gl .



Table 5.3 : Effect of different plant growth regulators on

immatur e zygotic embryos of Tamarind

induction of somatic embryogenesis in

Medium Total number Total Frequency of Frequency o_f responsein
(PGn'?gCI(_T)C- in ofC a(tpllzrags ng(rglbaer:t(s)f re;z())nse form of mug/lop))leembryos

' responded || \jean + sd. Mean sd.

24D 05 80 1 13+ 18 13+18
1 80 2 25+ 35 13£18

3 80 1 13+ 18 0.0+00

5 80 1 13+ 18 0000

10 80 0 0.0+ 0.0 0000

NAA 05 80 6 75+10.6 13+18

1 80 7 88%124 13£18

3 80 5 6.3+ 8.8 13+18

5 80 1 13+ 18 0000

10 80 0 13+ 18 0000

245T 05 80 5 11.3+ 1.8 13+18
1 80 10 125+ 35 13+18

3 80 3 38+ 18 0.0+00

5 80 0 13+ 18 0000

10 80 0 0.0+ 0.0 0000

Dicamba 05 99 7 6.6 30 00+00
1 95 11 111+ 6.0 0.0+00

3 151 12 74% 30 12+13

5 234 50 175104 31+28

10 95 7 6.8+ 51 08*14

Picloram 0.5 80 10 125+ 0.0 00+00
1 80 10 141+111 00+00

3 80 4 47+ 22 0.0+00

5 80 0 00+0.0 0000

10 80 0 0.0+0.0 0000

MS 80 0 00£00 00+00

ANOVA Shoh NS




Sme oo reposs wae naed in IZBs In dl te axing & dl te
coatdions raide dffegtidion wes refided ad te oyledos tumed  broan
Oty te emyo adis repoded difeetly in vaioss meda Intdly in te regpoding
IZEs a whte dideing mess wes famed & te pumde ed The tedue o ths mes
wes dmilar to the erbyogeic mes desuibed in peut (Chegdrayan et.al, 1994) bu
thee messss wae o vaios dgs ad 9z Oten tee wae toda in dge with
sing aoud te mdle rggon Sisguaty eriyos dedogoad  from thee  messs
Thadae ay govh o smdling in te IZEs wes soad & repoe (Tdde 53. In 24
D te repoe in ads wes vay poor (13254 ad te oleos dd mt goen (FHg
58). Howe in 13% o te repodng erbyos muipe artryos wee d sEn
Compael to 24D, in NAA moe rumbe d ey aes (L3830 reypodd
dogee patdly ad in ome o te altues a par o flety leaes dffeaticed from
the pumde o te erbryo ais (Hg 560). Smila to 24D, mutde eriryos wae sn
in snme o te repodng ermirycs In 245T ad Dicamba gpaety te repoee in
the erlayo adis wes dmla (Hg 56DF hu te frapay o repose vaied gedy. In
tee o axis te pumde o IZE sadled in 040 days to fom dudues dmila to
toped oyledoay dap mdic embyos (g 57ABCD). The bee o thee
dudires wee oodided nexr te oyleay node ad swdlen aoud te  midde
regon Tips o thee dudues wae athe tgaing o furd depad Intidly it gave the
imreson et te pumde o te zygoic eryo ads is aovated ino dnge omdic
ertryo.  Honeve, this posshility wes lag nded ot &t hddoged sdes On
edadd inudion o tee duwduess in te sme meda fao 040 das  sHiC
erbryss dedoped fram e ayledoay  judios ad te swdlen pumde ed The
swlen IZE togdhe with tee neMy dedopad erbyos ae idatfied a  mutipe
enyss  (Fg58ABCD). In 245T 05 ad 1 ng', 113 © 125% arhys
repoced. Feguey o repose devessd  with inoesse in 245T  conoatrdion No
repone add ke noed in 10 mglt of ts axin In 05 ad 1 mglt, mutpe evhycs
wee do noed In damng te frqery o repoe vaid from 66 O 175%
Dicarte & 5 ngl* wes ofind At 10 ngi' dthagh 68% erboyss davogresd te
don o gomh hu ret o te erbyocs tumed bown ad negdic indcaing the toxdty
d hgea ooatrdos In ooted to 24D, NAA ad 24T, daba &
cowatdos 3 5 ad 10 ngt, imwed mifpge erbyo fomdion in 08 —31%
autures Thefreouacy of repponseand frepuacy of mulideemioryo fommeionbath



Fig.5.7

Fg 57 : On ading in 5 ngi* dcarba ayles o te 1ZEs wmed boan ax
nearaticand theplumuedevdapad tofam ruduressimilar to,
(A)  topabsagesoeicaThryo (ber =3500Mm)
B ad (O bpda smdic evbyo with fusd oyledos The bee o the
dnudures wae codrided  Hypooyl o IZE wes smdlen ad  redide
dd nat differeticte (ber = 500nm)
(D) hom dhgped sometic amaryoswith raed hyppooatyd (ber = 500mm)



Fig.5.8

Hg 58 : Sordic eyo like mutpde drudues (A - D) dbdgod fram te IZE in &
gl dambaer =630,
The grudures(9 infigted fram theumular regon o thel ZE and fram the
ayledorery nodd regan



wee hget & dearba 5 ngi'. Smila o te fid tree axing in pdoam, oy
love cmatdios wee moe dfedive in indudng repoee (FQS9A) in te IZE, ad
wee todly indfedive & highe cocatdios Thes it wes dmsaved tet dcarba & 5
mol!, wes agiimum for inddion o erbyogpic repose in 175% o te  adiues
Ths wes fdloved by 141% ad 125% in Ingl™ pdoan ad 245T, repadivey.
Dda on frequexy o repoee in vaios axins & vaios oooatdios wes dbjeted
o ANOVA ad wes fourd sgificat & 5% led. Hovee bawen deama 5 gl
75%) ad pdoan (1419%) o 2457 1 ngt (125%) the dffeece in repoe wes
nat ggificat Snog the repone wes  highest in5mg,|'1 dama ad moe rumbe o
arlrys e e to muiipe arnbyss tis coatdion wes uwsd in te  Sbsuat
epaimats o duly te dfed o vaias dhe fados BErbyogaess wes nat induoxd
in te 1ZEs alred in TDZ Bven & a cooatdion o 1 mgl?, cdlilsng wes noed in
dl theeqatsautured (Fg59B). Thecdlulswesydlonishgemninadar.

The arhbyogeic repoee was in Wwo  fors dge dudue ad  mudtipe
qutres I deamba 5 mglt, aut of 175% tod repone 143 % o the adfues weae
dge dwdres o vaios depes (FgS10ABCDE) whees 31 % o te adures
Joned muide smeic erhyos (Fg 5UABC, D). In 24D 05 ad 1 mgl’, NAA
05 - 3 ngl', 245T 05 ad 1 ng’, miife sneic emyo fomeion wes noed &
frqpedes love ten thet oddned in deamba 5 nglh.  Adoan  irhibitd  the
fomnetion of muitiple srudtured sometic emioryos it all the conoertrationstesterd

Weave ad Tigao (191) do med two typs o sndic erbyss in
Cladrastis lutea whee mog o the erhyss famed & fusd dutes from te podnd
exk o zglic oyles ad wee nmopdoycdy ad  adomicdy  dnome
Hovels, in some s tey domaved two o noe sndic eviryos dedgong  Sigly.
They rady found fammeion of asngeaemiryowithwell-develaped aatyledons

Dicata hss ben w fo dred erbyogeess from meggyl odls o oded
gas Cogg et a1, indred pat regggadion fram immere arbyos o mEZe
Ouran et al, 1985 ad E & a hgh frpey in rye @nmry ad Loz 1989). Fuin
ad Bbmvl (199 fod te dcarba wes dgificatly spaic o 24D, boh for
dmiging ad manmanng erbyogpic i from immewe ad neue erbyos o
Zeamay L. Dicanbadagwith Zegin hesbean usad far EE framledf and ot eqdat



Fig.5.9

Fg 59 : A Imzygﬁcmmmrejmﬁdaanalngfl
dov fomdiodt te dnge somdic arnbyo like dudue ir
med theaonoairaionsand in

(B) TDZ & 1Lng!™* thelZEsdedifferentiated tofom callus



Fig.5.10

Hg 510 : A — B Somdic eriryo like drudues o dffeat dgpes ad dz=
deveoped onIZEsauituredindcanbe5 gl
(A\) ber =500mm, (B) ker = 500rm, (C) ber =500mm)
(D) ber =500 (B) br =538



Fig.5.11

Hg 511 : A — D) Muide somdic arbryes o dffeet dgpes ad dzs devdop
onIZEsadtredindcambasngl .
In (A) te somdic eriryes ae isdaded drudues whaess in (B)
ad O te ae fusd & the ke In (O wmd aerycs d
vaiosdagesd devdgoment eanbessminthesameduds.



in sgpadon adtre o Baaes (Novk et al, 1989). Biisbe et al. (194) while
inedtigling on  sondic  arayo  diffeetigion in - Saccharum  officinarum L. conduded
epaimets t© edwe te iMflexe o vaios medum compoels ad  adtue
codtios Thee oodtios oud ke maipdeged © ehee logtem  rdation o
evhyoggic aompdare ad  hgh  fregeyy  intdion ad  dedogpmat o soEic
aryos in tis gedes Fazxk et al. (199 rgoted that in conrat to 24D, Dicarta
wes nmoe dfedive to indee cdius in Phleum pratense L. from nmeue caygees Cdlus
imeed on medum  arianng Dicarba podod a hdh rmurbe o rgaalts in
sbegat pesgs ad  cdlisdaived odl agpedon adire Cadillo et al (199
daval te te medum aanng daa e te bt erbyopic  dis
iddion, mangene ad rgEadion fram immeue zgoic evyos O baley
alivas Thoch daarba hes modly ben wed in mooods t© didan erbyogaic
cdws it wes i by A (1987) to indue somaiic erbyss from inmeue evbyoss o
hvrid arflove (Helianthus annus L). The dfed of dcarba on frepey o £ wes
do mted in a gan legumg Cicer arietinum L. B ad Geage 194). Fom the
fve goMh rgudos teded dcamba wes foud to be mee dfedive in indudng
abryogeic repoee in te IZBs O tamaind witod invdving a diis pee To te
bet o or koMae dama wes wd foo te fid tme for inddion o dred
arbyoggess in a woody legume TDZ wes mat dfedive for indudion o emryogaic
responee

5322 Effet of aggisizeof exlant

Hovging in tamaind dats in te moth o May. Rods beome visbe from the
moth o Uy In te pdimnay eqaimals dengds wee mee o e vay youg
pos Hones, it wes comved thet Gl the ed o Al te IZE wes jdlylike ad the
s ad wes do to tede to ke igdasd withou demegng te IZE IZE with the s
g e o gov ad tumed bown witn a fev das on adtuing tem in ay
mdum  with o without gomh regdaa. Thedoe for ths eqaimat pods wae teken
from the fid wek o Sgtembe o te fid wek o Odoba. Ths meas te ae o the
imeue zagiic evbyss uwad hee ae o 1216 weks Ssody te paiod for
avdlablity of eqdat metaid wespradically 45weeksarly.



The e o the immaue zgoic eviryos o taraind wes dfficit 0 asatan
tedae sz d te inmaue antyo wes tken & a aitgin Bxdats guoadineady
ragng fam Imm © 6 wee foud © be repodve whle eq@ats fram 7mm sz
owadcs podeed a6 o phedics in adue medum ad tumed bonm Anog te Szs
6m 3mm IZE donad te giibum repoe (187 £ 172 % (Tdde 54). Tre
frqey o repose mad from wWg vaios 92 wes higly  dgificat when
abeded ©© ANOVA. On pafoming ‘t tef it gpeaed et 92 1, 2 3 4 wae mt
dgificatly dffeet in thear freppey o repoe Regoe in 92 5 ad 6 wae
dogificatly love when conpered with sz 3 The erhys doe sz 6mm dd mt
repord in adtre even dter the incbeion paiod o 89 weks Thae wes o s
athe. Theamryostumed brovn and neadic

Table 54 : Influence o the dage o dedopmat o IZE on indudion o <somdic
ambryogenesisin Smgl'1 Dicamba

Szeof Tad number Tad number Freguency o
eqlants o eplants o eqlants reponge (%)
(mm) aultured responded Men# sd.
1 19 3 104+153
2 43 26 156+153
3 B 53 187+ 182
4 » 13 126+ 92
5 32 12 63+104
6 20 1 06+ 21
7 3 0 00+ 00
8 0 00+ 00
9 15 0 00+ 00
10 4 0 00+ 00

| ANOVA | s |




The dedgmetd = o te e@at is daiicd fa te eqeson o
arbyogpess Acoodng o Wezen et al. (1999, erbyogmic  poatid wes
iflueced by the tnme o erbyo eqatngy ad dedometd dae A ‘redided
window o soding peiod hes dmilaly ben dexibed in dhe erbyogaic  sdETs
inwoody goadies

Tigao e al. (199 daodrded tet %6 ad 110 pod atheds zygoic erbryos
d Red hd (Cercis canadensls podad sodic evbyos & highet freqeny. Numbe
o smdic erbyos podoed pr egat wes do hget Tueke ad MdGaden
(1985 desaibed an goinum sarding e for indwdion of S o bdwen 6 ad 11
wesks dter pdlingion in Juglans gp. and Pterocarya. In dudes with peech, the
daadgidic o s didned from immere embyos wee hdly dgadat on te
dp o emyo dedgmat te rggedon o erhyolike sudue ad pates wes
il & a gadific cdiis type (Whte comped ad nodda) (Hammashlay et al,
1985). dmilaly, te intdon o erbyogric s in Nowey Sue wes  sgificatly
Hge ding a 4wek peicd @ram 10" o ly 21%) ten edie o ldg odledios
(Beonaret. al ., 1989).

Resade wokig in tee legums moad  smila  dmvdion Weae  ad
Tigao (1991) reoted tet the geget numbe o somdic erbyos in Cladrastis lutea
wee fomed from  zgoic erbys eqated from 68 weks pod  atheds  Bgats
haveted pior to ths dedopmetd tme peiod poduoed lile cdluis ad  wadly
becare nrexdic Zygdic evbyos havedad from 10 weks potathess owdes dd na
fom <smeEic erhyss hovedm, immEue  oyleos eqadd ad  fomad  ogpos
amuts o ydlov fidde clis which coud be manand fo o a yea, it e
proclioed someticemtryos

In Dalbergia sisso0 (Des et al., 1997), te cdius daived from 40dh-dd zygoic
eryo eqats ocosded o ydlonidy ficde nonembyogaic stos  ad  ydlonidh
gen ddua, erhyoggic sdos The di deived from 0 ad S0-dy-dd  zgoic
erbyoss dd mt beoome ertnyogeic on ay o te meda tedel een dte pdogad
marteene ad shodre Ro ad Lddm S (196 dsve te e d@en for
te inddion o F imesd wth te ap o te imEue oylebs Madimum
nurbe o ndEic arbys pg egdat wes dmaval fran O das dd  aoylaeos



whae sndic aerbryoss dated amegng witin 7210 days dter trade to ssood  phese
medg wheess from 120 das dd eqats te iddion repred 205 das  dte
tada. Maewve diis gomh wes d0 ehavad te ap o te egat Cdus dated
goning from te paigay o dde opyledos ad ootined to gov doe the
edat On te o had DO dys dd egats podod les s ad whte peal
ike soreic arlryos coud be dealy sen aisng fran te aufae on te eqavd
oyledos Ry mere oyledos exdsd from dy sk dd mx dow  ay
erbryogeess i cluisd poudy regpdes o te meda compostion  Immeure
sssof 60 deysapedid nat respond to trestmant and tumed broan etawerds

Anilagn et al. (1994 rgoted thet in Robinia pseudoacacia te sk odledsd
23 weks pod athes (225mm in legh) poddd te higet  embyogaic
peoatege Hfidaxy o te immaue zgoic erbys & 2 paticda gEdae
podue soretic embryos wes dfibued to thar faoudde physdogcd meke yp &  tet
stapedf development

Whte Soue hedd a dedgmetd windowv in which  adimd  inidion o
erbyogeic s wes dianed wng oedn erboyss o dou 1520mm (Baona,
199). Altouwh the tming o 2zmgoic emtyo eqatng hes ben rgotd o hae a
aiicd ifluece on diEnng woesd F Oofev ddes hae edwa o dbinad
zypic  embyo  dedopmetd s Wezen e al. (1989 ahesd  higet
evhyogic fregedes i Reen wWhen erliyss wee ativdy goning ad  adyledos
rady  eqedng Brbyogeess  deoessd  when ayledrs wee fuly  dogeed  ad
wes dianed when aylers begen filing Vaidion in ayledn legh wes do
dmval wtin a dge samding de Ddinng gimd sardig e besd o
devdopmantd dreradidicsisthusaussul index far eqdantingtime

Gaee ad Kelmg (1990 rgotad thet in Cersis canadenss rumbe o das
pe atheds wes an inedegee memre o dedogometd ae o te agdic enino A
naly 0 dy vaiaee in tnme o fid flove ad sesod eviomatd dffears mey
hae aotibued t© the lage dffeee in the numbe o das pod athess indcing a
dmila feped devdopmet.



5323 Effett of carbahydrate

In te radomly deged pdimmy eqaimets it wes dsavel alie te
aompaaed © 26 oor 466 oce otdon in te madum wes noe  dfedive
in indng erbyoEic repose The eqaimat  with vaios oo anoatdion
wes conded o ddemire te giinum  conoatdion o oo reguired  for indudion
d emyoggic repose ad  fordion o muipe aroyos  In te pest
inedigeios sooe & 26 aud indue fomdion o dde erbyogaic dudue &
vay lov frequey. Mutpe arbhyos waee mdt s in ay eq@at emen de inoeing
the adtwes far 8 weks In 2 sooe te arlryogeic repoe wes 88% ad in 25%
adtres muige erbyss wee vishe Sooe & 66 (Fg 512A) indboed  163:151%
tod repone (Tdde 55. In 25320 o te altues erlryyos wee faomed in mutipe
The dda in Tdde 55 wes mt sgificat The high SD. vdus o te dda nmey be de o
the vaios szs o erbyss (F6mm) with dffeat erhyogaic poatd (Tede 54).
Hige sooe amatrdon @0 wes imbtay for ernoyogeic repoe ad te few
dudues fomed teen domed bowing ad  ddeidion in te fom o
dadffeetidion of thereddeed (Fig 512B).

Table55: Effet of uarcseconoantration on indudtion of soamatic embryogeness

Conaantration of Tad Tad Freguency of Frequacy
uaoeivv) numbe o numba o total dreponse
explants explants reponse infamof

aultured responded (4] multiple

Men# <d. drudure

9

Men+* sd.

2% 100 2 14+24 0.0+00
4% 10 9 88+ 63 25150
6% 12 A 16.3+15.1 25+32
8% 10 8 100+ 91 0.0+00

ANOVA | NS I NS |




Fig. 5.12

Fg 512 (A) Smeic erbys / embyoggic dudue fomed on €
mol”* deambaspdemetadwithe% suooe
® Srdic evbyss fomel o 5 nglt deanmte spdevete
wth 86 gaomoe Bowing o te dudue ac
dedifferentistion of theradideweas notedl



The pimay rde dibued to the syppied cabohydae is tet o cabon souce
Sooe hes ben idatfied & oe o the fados irfluedng iddion o erbryogeness
(Thope 1983. Suwoe pdas dd rde in pat tse adtue It is incopoasd in the
mdum & 23% ooetdion s a cabdydde oue Syporeson d amayogEess
& hde oomtdos my be de to te immesd osdaity (Feoe  191)
Imibiton  of  emryogeess in pe, I Looe conoatdion doe Ao is  rgotad
gl Epn ad Goge 199, It hes ben damograed tet medy by dwming te
aooe aatdion, te nopogdic ptwey @an ke degd from agaogeess o
aribhyoppeds ad vie vesa (amin et al., 19%). Tarva ad Gua (1983 dsaved
in Albizzia richardiana, thet 4% sooe wes qiimd for agaogpess ad Xsooe
wes oaimd for arnoyogeess Hde leds o oo 6109 @sd boming o
gen di ad do irhhted dffegtdon o te i Mo erbyss Reo ad Ladm
Sta (199 do manan tet in addion to pat gomh regdaos 1% sooe  (WA)
faored dred £ in Rsawood ad tee wes o imdion o arbyogesss g 26
agoe Epn ad Gaoge (1989 domoddsd tet swooe wes te bet caabon souce
teded for peat ad 6% swooe e te higet freqery o repodng adtues ad
agge numbe d smdic erihyos pg e@dat Hgh sooe hes ben usad in foee
lgmes arh & Medicago sativa ad Trifolium . (Maesvaan ad Wiliang  1984),
gan legmes like goudut (Haza et al., 1989 ad pa ( Joues e al, 199 to
e E In ad moHepms hdgh sooe hes d0 ben wvsd woesduly (Fng,
1987).

Cabohydaes dhe then swooe imopoded in e medum ae kown O
ifluece  aerryogeic repose Gdadoe  yiddng sgas ke ledoe ad rfinoe
dmiaed emayoggeds in ds een in s linss (Kodba et al, 1978
Cradrayan (197) foud tet ohe ten oo aly mEioe ad duoe wae
diedive in indudng embyogric mess famdion in te mEe  zgdic eninyo  daived
ledlds o pent While teding te ifluee o cabon sucs on clus indudion in
lesf tses of pech (Prunus persica L. Bagh), it wes dmaved te in presace o
dJuoe gen ad onpad s dedogpmet wes & a hge fregey ten those
gonn ondthe frudosear auorose (Dadadk and Kaen, 1996).



Keging te litgaue in viey, two odhe caboyddes indudng duose ad
fidoe wae teged for futhe impovemet o arbyogaic  dfideayy. Fudoe a dl
coardos (280 ihbted SE repoe in ligt ad dak (Tdde 56, duose & &%
in ligt doved 9% repose ad in dak 31% reypose wes noed Sooe & %
doved 192 repone in dak ad % repoee in ligt The wo caboyddaes tedad
dd mt dov ay impoeret in repoe o ad doe @6 aooe Thadae the
detawas nat subjedted to detidicd andlyss

Table 56 : Effet o duoe and frudoe as cabohwydrae source on indudion o

somdicambryogeess
LIGHT DARK
Carbohydrate | Concentration ) ;
Type used (V\M r;roc?t(i]f e?p?lle?r:t resA;)g;se r;roc?t(a):‘ eysl-a?:t re:;)g:]se
explants || responded explants || responded
used used
Glucose 2% 28 1 35 20 1 5.0
Glucose 4% 36 0 0.0 20 0 0.0
Glucose 6% 36 0 00 28 2 71
Glucose 8% 32 3 9.3 32 1 31
Fructose 2% 28 0 0.0 8 0 0.0
Fructose 4% 28 0 0.0 20 0 0.0
Fructose 6% 28 0 0.0 20 0 0.0
Fructose 8% 24 0 0.0 12 0 0.0
Sucrose 6% 88 8 9.0 52 10 19.2

5324 Influencedf cultureconditions(gdling agents light, dark, culturevessd)

Pyded ad eviometd ondtios ae aiicd to te poes o
erbyopess in ome sdavs  (Tuekeldsr), ligt bdng oe o ten For earge
pdoged adire in te dak wes regired for embyogeeds in Coffea (S ad
Shap, 1979) hut light wasbetter for Theobroma (Kangad Reo, (1981).

Axllay oot mutpicion in taraind dowved bats govh & 24h  ligt
comtos cmpaed © 16h  poopgiod  (Ssdion 33B24).  Thadae ampadive  dfet
d vaying poopgiocd wes dwded for indudion o omeEic aryogaess in adtue It
wes foud tet IZE adtres inobeted in 16h phoiopgiod dowved 1948221 %  repone
whch wes dggificatly hde then 53t446% reponss i 24h phoopaiod  (Tade  57).



Ths indcaes thet loge phoopgiod is  irhibtoy for  indudion of  embyogeeds  in
temaind
Table5.7: Effedt of phatgperiod onindudtion of somaticembryoganess
Tad number Tatd numbe Freguengy of Freguency o
o eqlants d eqlants repone reponsein
Phaopeiad aultured responded 9 famd
multiple
Men= sd. arlorysQ0)
Men+ sd.
16h @ 9 194+ 21 38+18
24h 16 n 53+ 46 20+ 26
| ANOVA [ swe | NS |

Thee hes ben o rgaot on the dfed o adire vessd on indidion o &£ in tree
lgumes We dmsaved te, gven te dmla aodios te freqpey o repoese in
the wes hige (Tdde 56 ten in pdiddes Noae o te eqats fomad mutige
omdic erhryos in pdiiddes The highe repose in tet tbe mey be afibued to the
dancd inates o te das far ad lak o mode aoumddion in te adtue
vesd. Ths dmvdion is coddat with edlie fidngs moed in reggadion  raes
fran lef eqats o sben (Wigt et al, 1987) in tet tbe ad peridses far oo

gomh o five woy ies Mc Cdiad ad Srith, 190 ad fo atn (Agand e
al. 1997; Hezraet al.., 2000),

Reposs domaved in the adtre ae the resdts of an inyaad dfed o the naure
o te egat, dendd fados in fom o nwiets ad govh regdaos and  physc
fados ach & maoaviomat o te adiug tarpadue gt oding aEt  dc
Reits of the pest invedigdion dons thet imepedive of te adtre vesd o odling
apt te erbyogic repore is hige in te ades inokeed in te dak When
ompaed bawen the tbes ad the paiddes te repose is dways hige in the tubes
ompaad 0 paiddes When oonpared bawen phyviepd ad ga, te repone s
hge in pwyiegd. Ths it gopeas thet goinum ervbryogaic repose en be induced in
IZE o tamaind when te eqats ae alted in medum in tbe gdled with phyteod.



When adtres wee indceted in dak they dowed te hget 26R6 repoee au o
whdh 212 wae dge dudire sndic aerbys ad 50 wee mutpge  drudue
someicamryos(Tede58).

Table 58 : Influence o aulture conditions (aulture vesd, odling agant, ligt and dark)
onindudion of somatic embryoganess

Tad Tad Fequency Freguency of
- numbe numbe o d repone respongein
Different trestments - epiants o amo
explants responded multiple
aultured anrys6)
Men+ <d. Men <d.
Tue A Ligtleh &0 4 671116 0000
Pryteod h 30 46 134+ 68 2719
Paridsh Ag 54 1 19+ 32 0000
Prytad 66 4 44 77 00+00
Ag Dak 48 9 176:137 00+00
Frytecd 7 10 1979 0000
Tue A 60 15 25132 17429
Fryteod 60 16 26.#189 5087
ANOVA Tdde
Sue o S MSS Fcd Reb
Rep 3 70866 23622 224 34 ns
Light 1 1308 138 1319 467 *
G 1 672 6/ 04 467 ns
Ves 1 34D 33UD 318 467 ns
LXG 1 1991234 1991 019 467 ns
LXV 1 00se012 0 0 467 s
XV 1 1 1 o1 467 ns
XXV 1 83 8B 0B 467 s

B 13 1383 10628
Tad 28  3BR 16093




5.33 Effett of explantsfrom different tress

Vaying erhyogic cgedies o dffeet pdats hae ben nmoed by Wes
ad Tigao (1991) in Cladrastis lutea (ydlov wood). Anillgp et al. (19949 noed thet
sk fran e nohe tes hed a hige paetd to podie erbyogeic adtue ten
s d ahg tess in Hak loog (Robinia pseudoacacia L). Thgao et al. (1989
dmved dret indidion of SE in eqats o two tes while eqat from dhe tes
podoed oly ci,s Ths te efdidmat ad maneene o nmopogeic  adiues
fo lgumnoes e is den gauype dgedat (Odk ad Shade, 1983 In ar
dudes we dmaved te eqats from dl te pais reponded in adre & diffaat
frquedes Hat rumbe I wes mod reposve while pat nube Il revend  te
leet reedive one The ddidicd adyss (ANOVA) dows te the dda is  dgificat
(Tde 59. Ths afims te e dsmvdios te erbyogaic repoese IS ganype
depandart.

Table59 Effet of ganatypean embryogmic repongein Immeaturezygatic

Embrycs

Numbe o Tad numbe of Freguency o

Gaxype explantsaultured explants repneo)
responded Men+ sd.

I m K% 216+ 70
I p:30) 60 280+ 133

1l 1083 2 43+ 33

v PR 3l 142+ 65

\Y 28 19 63+ 11

ANOVA S% |

In some s srdic erbyos waee med o be fomng fram te  purnda

reggon  (HgS13AB) o from te oy rmgon (HghMMAB) o te erlyogaic
dgudue In coue o tme te gomh ad difeatdion o tee meses with o withou
omdicamtryosisresriced. Indesd of further differentiation, the sometic amtryosdo



Fig.5.13

Hg 513 (AB) Rimay smdic evbyogeess fran te purmda
rq:jmdﬂeerbyogﬁicMeinSrrgl'ldm
(A) ber =53 (B) ber =500mm



Fg 514 : A — O Rimay sndic erbyoggess fran  the
ooy regon o te  BEmhyogaic
duaue in 5 nglt darba (ABO ba
=500nm



um o dideing messs Shsguety nev erlys dedp  from thee
druaures (Fig 5.140).

5.34 Ssoondary [Repdtitive SE

Sneic ethys hae donm b ke eddlet sue fo soday arhyos
(Reemekas et al., 19%). It is asodaed with los of integaed gop ocord o odls
aggizd in te someic erbyo Sne odls bek avey from cotd ad iniee rew
smeic erboyss Wiliams ad  Mdesvaan, 1985 In mod s <rdic  aryo
devdop o ddoda  eriryos  witou  dffeatidion  ino  agas  bdfae tey  ae
abjerd t© soday gsndic arbyogeeds (S Sah ades  ae  dfficdt o
gndvonizz ad it is dfficdt o imposbe to ddingush bewen  dffeet odes o
SE In de s arbys dedgp yto meuity (Reamekes € al, 19%). In thee
s it is dien moe ey 0 ddingush bawen dffeet odes o SE In me o
tee cms the arbyos aigreed fron qidamd  ado sbgidamd als o dda
smdic arlrys  dthe fran Sige odls (Riio e al., 1989 from muije odls
(Mahesvaranand Williams 1986) ar frombath (Liu €t al., 1999).

In Acanthopanax senticosus (Gu et al, 1991), Manihot estculanta
Szeds et al., 198) ad Trifolium (Maesnvaan ad Wiliars 1985 mewre arhrycs
|pe lie b SE Hovem in Trifoium repens Maesnvaan ad Wiliars 1989 hige
cogtrdios o BAP ad in Arachis hypogaea (Ouhem ad Parat, 199) lowve
coataion o 2 4D wee regired In Helianthus annus (Fng, 1987) dcarba wes
indfediveinindLdng pimary eryogenesishut wesdfedivein tiggaing S

Ssochy ondic evbryyogeess hes ben rgotad in e tee des axh &
Hardwickia binata (Ced ad Smgh 2001), Eucalyptus citriodora (Mulidhean et al,
1989, Picea abies (Mo et al.,1989), Hevea brasliensis (Callax et al, 1996) ad Acer
palmatum (Vidmova ad Had, 199. Lag t@m neneee o aerbyogic  adiues
d Hardwickia binata (for a paidd o 4 ya9 hes ben repoted (Cred ad Sgh
200, whle mangene d arbyogic cadty fo moe ten wo yeas by repead
enbyopess hes ben rgpated in Eucalyptus  citriodora  (Mudidaan e al., 1989),
Picea glauca (Kag ad Yeaug 199 ad Picea glauca X P.engemannii (Esmen et al.



1991). The poddion o arbyss is ddamired by te rumbe o repodng  eqats
ad te nimbe o erbys podoel pr repodng eqat In o Arachis  hypogaea
Bke ad Wdzdn 192 Dutem ad Paat, 192 SHas e al., 1990, Beta
vulgaris (Teming € al., 199) ad Glycine max (Sdlas et al., 1990, Liu et al., 199
les ten 5% o te pimay eqats podoad erhyss whees nmoe ten BN o the
FE fomad sxovhy eriyss In Medicago sativa (Parat ad Baley, 1993 oy 5 o
te 30 zgiic ardys podod pimay erbyos whaes d te somdEic aerinyo
eqats intaed sooday ermbryss In Glycine max (Liu et al., 1992) bawen 02 to
03 pimay evbyos pr eqat ae famed ad bdwen 8 ad VD swochy erbycs
pg eqat In dhe gedes like Trifolium repens (Maewvaan ad Wiliars 1985),
Eucalyptus citriodora (Mulidean ad Maaates 1987) ad Arachis  hypogaea
Slas et al, 190 te poddion d erbyos in pimay eryogeess wes love  ten
iNnSE

Colinos  pdifedion of  somdic  embryos  via  repdive  evlryogenesis

(RE) hessaverd posshlegoplicaions

() Lage quatites o <rdic arbys ean be podod by repdiive  avbryogeess
fam peavad arbyogeic lines Ths is o patada  impotaee for rgod
dod poegion fraon ondic evlbyos drely o  fron gnihdic sk
preered with thesometic amiryos (\Wamn, 1988).

(i) Maue ftes ae den recddrat for  popeggion For propegdion purposes
meturetresscan berguvenized by rgpetiiveemtryogeness(\Wam, 1988).

@ii)  Immere eviryyos o  inegpadfic dats fram inoonpeide cosess mey ke
resued by aduing tem fo soday £ oad sbsgety muipied (Mekle
et al., 1990).

(iv)  Tradamdion corbined  with  repdive dred evoyogeess ney be an
dffidet method by which trensgnic fants can be dtained.

) Dedgomat o dinmgic tadamats mey be addd by inddng  rgoeitve
eryogpess fron te tadomed sdos o pimay erbyos As  aerlyos
fomed duing repdive ambyogeess @an aigree from Sde odls (Heodws
1977, Rdito et al., 1989, te rurbe o tadomad odls in the aigrd embyo
nednatbehich



Fg 515 : (AO Redive / Swooday sndic arnbyogeess in te  adiue
mananed by rgeed  shodress (O D o don
pdifediod te wsoday eroys te ayleos whd
tumed bown in te infid dap o adtre coud dll be s
with te ddg o arbys dte 1 yexr in altue (a =
1000Mmm).



Fig.5.16

Hg 516 : (AB) Rdifedion o sordic eviryos mandaned in adte for twe
years
Dedopmat o arbyoss redided dte redhing te ddoda
dr Brayss un bomm ad rmw eroys dedg fram
thee Advaed dags o somdic evbyoss wee it s ir
theseauitures In(A) ber =500nm



(vi) FHrdly, repdiive ervlryogeress @ be uad for te poddion o soic
arbys d gaies in whdh the zgiic eriryes aoian commaadly  impatat
meehdites(Litz, 1983, Southwarth and Kwiatkionsk, 1991).

Immaue zgiic embyss when adrel on dame 5 mglt wih 6%
agee ad 02% pyiegd dedogped  erbyogeic dudue  tet pode sodic
elrys fraon te ypas rgon o te arayogric dudue  Thar gomh  ad
dedopmat  is amdroos  Qitress dowing muide  dudures dag with  the
aigrd egat when difted ad lde sbadtued doved pdifedion o oeic
anyos The pdifedion o adtwe podong soday  omdic evlyos (Hghls,
516 in Taraind hes nowv ben manaEnd fo realy wo yeas touh te e o
pdifedion is vay dow. Xie ad Hog (@01 rgoted tet in Acacia  mangium
edave indion o te heat dgd erbyos on te sre medum induoed  ssoochy
arlryoganess

535 Higdogca sudiesaf somatic embryos

Bgat 1Z5s o0 hddogd eamrdion  (Fghl7A) dov  two  adyledos
dgieded to the embryo adis The vema drad dvetng o te wo oyledos The
dunde ad te radd o the ertyo ais dow hgly cooataed maigerdic odls
On equrg te egals in melum arnng deamte 5 nglt, te dffeetidion of
bah purde ad radde wes redidel The gicd maigam o te IZE whdch wes
ddemined o fom the doa pimodg dags te coue ad pdifede o fam a
dongeted,  fledy, digaing whtg odda dudue Thee fledy  dudues  diten
greed like topeb 95 o oyebray dap sndic enyo Ths gae  te
impeson thet somelic emtryo wes fomed from te pumde o te IZE In didpa
Qien et al. 196 sndic erbyos o dmila mophdogy wee desyibed & “ham
dgd erhyo with a broed hypooyl”. On fiing te IZE daived dudures in  fixdive
(FAA) te ayledos which wee brown ad hile broke dof. In te sdion o topeb
dged IZE ads (AgS1B) it is gpaeat te te odls o the gicd maigem
pdifeded to fom a flety erviyogaic drudue with gvel, comped,  maidardic
adiswith densecytodeam and praminantly Sained nude.



Fg 517 : (A) Bgat IZE on hddogcd examrgion dow wo adyledos (O ateded tc
te evlryo adis @ The amayo adis dows te veda drad (V) dvating
ino the wo atyledos The pumde (P ad te radd () o te erbryo ad
growshighy conoatrated meigareic odls (er =500mn)

B) Hddogy o sirdic embyo lke fledy emyogaic dudues with das
ofdaan ad pamnaty d8ned nde. Srad o vesddue () s dax
thelenghd thesrudure (ber = 385)

© Topzb dze erbyd erhyogeic dudue with ap deped tp () The
vaaula comedion sen fram the tip o the drudure yto the radde ed ().
(ber=43mm)

Srudures(B) and (C) devdgpad ntrelZE inpresanced dtmba&rg]’l



Hovee the dffeatidion o veddue wes manEnedl Thedoae the drad
d vaddue wess S pesrng tough tis embyogeic dudue On eamreion o
the furd dgad dudires (HgS1/C) it gperad tet the tp devdoped in fam o a
ap On eamnng te sfios a dffeat leds it do dons te te veslda
coradion is mandnd from te tp o te dudue tll te redde ed The
oylerey nodd rggon o te poton o qiayl  immedady doe te ok wes
svwden de to te pdifedion o te dis in te sbgidemd layes ad in the oawd
pat o thel ZE

In e eqais sdic erhiyes dedooed from te  ayledomay  node
judion Traseae sdin o tee eq@aits (FHgh18A) oims te thee omHic
erlyos ae mutodlda in aign  ad sdic  erbyogness wes esmdronos
Broyss & vaias degss o dedgmat wee maed in te same sdion  (Fghl8B).
No vada amadion wes sn bdwen the IZE ad te sndic arbyoss dedagped
fromthee|ZE

In sme o te IZE ais daived erbyoggic dndues pimaly  Sameic  a@nyos
devdopd  fran the gicd regon (Fg5194). Higdogcd dudes on dudures  with
mutpe aroyoss cofim te te soreic evbyos dedp fram boh ggcd rggoan ad
ayleoreay node rggon (Fg519BCO). The erbys dedoped from tee WO rggos
oud be & dffeat dags o dedopmat The <rdic erbyss gpexr 0 aigree
drefly from eidemd ad sbgidamd layes o te egat with mo visbe s
apeding tet te odls o te meigemdic rggon mey be preavhyoicdly  deamined
ods FEDCY Gap et al, 19). It do oofims ta te smdic erbys ae
muticdldar  in  aign Fomdion o sorhy ey from te pimay erbyo wes
dsoaonfimed by thehistdogicd dudies(Fig 5190).

536Maturation/ garmingtion/ converson of somaticembryos

Someic erhyss dedopad from te IZE eqats wee sijedsd O vaios
tretmets for futhe mophogedic dedgmet o aiee maudion ad  covaso
d errys The tegmats induded dhifing on pan besd medum with o withou
deawd, kel medum with 10 sooe madun with reduoed  dearba conoatraion,
medaspdematad withdifferart oytokininslike KN, BAP, Zegin, TDZ dare



FHg 518 : (A) Trasexe sdon pesng trough the ayledoay mode judion  dow
erbryo fomdion from boh te oyleomy mdd o e =
435m)

B) Aydroos ddogpmet o ndEce arfyos whdh ae  muticlua
in aign No vesda oovetion bdwen te soneic eroyss ad te
IZE (ber=22mm)



Hg 519 : (A) Rimay sndic embyss (P devdoped from te gicd regon o te

®

©

arlryo/ amayogaicsrudire

Sndic erhyo dedoad fran boh  gid  meEigEm axc
ayledorery ol judion In tis dwe arbyoss dedopd  frar
the nood rggon wes topedo dgd whaess te ae dedopd frar
the tp wes & te oyledomy dsge Thee arbyos gpear fC
aigree dredly from the qidamd ad gbgidemd layas o te
erbhyderhyoic dudue The arbyss ae muicdlda ir
aign (ber =230nm)

Fordion d sooday emyo (8 fran te tp o te pimay
sameticamhrycs (ber =250m)



a in cmbrdios dretly o dte gving ABA tesmat Absisc add hes ben
Osvibed & an dfedive pat gomh rgglaar leedng © nomd  mEdion o Somdic
ertyss  (Anmirdo, 1974 Raoats € a, 1990. Roding wes dmavaed in te
arhryoganic srudures goaradically, onceineech of thefdlowing media

(i) Helf regthMShesa medium @ Halff srength MShbesd medium
pemanaiwith 02 chaod
(i) MShes medum s pdlemertedwith 10% oo (Fig5.208)
(i) MShes medium s pplementedwith ABA 01 mgl ™ (Fig5208 )
(1) MShes medium s palementedwith phytegel 03% (Fig5.200)
(v) MShesd meduma plemetedwith 101l NAA ®  Half srength MS
besed medum (Fig520D)
Hoved, the oot dd not dffeetidge ad the rot do wes tik ad dunted,
which later deteriorated

Thee ae wvad mots dsabng gpeaty wdl fomad omdic  eryos
tet faed to pode pates (Ammirgo, 1987). The falue in coveson o someic
erbryos hes ben anibued to mdfameion o egoyl pde (Kems et al, 1989 o
dnomd  doat gex  dedogomat  (Tigao e al., 1989, Weas ad Tigao (1991)
atierd lov acrvason o Cladrasris lutea somdic evryos The falue in convasan
o arbys wes adrbued to phyddogcd immeuity o adomicd  dnomdites  Des
et al. (197) rgoted thet te rooed someic embryos codd Nt be convetad o pantes
in Dalbergia siss0o. Gamirdion o the someic erbryos of Hardwickia binata, d
coudnat beadhiesed (Daset al., 1996).

The dfidexy o pat reovay from somdic evbyos o d ades cotinues
to be uenogiddy lov beae o ar lak o udhdadng o bec devdoometd
pooesses te  uxdklie 2zgoic ad ondic embyogay.  Utlizion o  pat ddl
reggadion sdars in bidechrdogy  uimedy mug dgoed on a degpe udadading
o dedgpmatd contrd medreniam (Lizad Gray, 1992).



Fig.5.20

Hg 520 Ganirgtion o sameticartryoin:
(A) MSmedum sydematad with 10%0 0o
B) MS bl medum spdemated wih ABA (01 nglh) for 15 das
anddhifingtoMSmedum
(C) MShesd meduma pdlemartedwith 03%6phytacd
D) MS bed medum apdemated wih NAA 10 ngi' ad te
trardfared to helf SreghMSmedium



Lov freqey erinyo podudion poor gamidion ad ocovedon o Saveic
ertrycs ino pates ad smedad vaidion ae te mga  inpgdmats limtng  te
uiity o F fa basdndoged gyidios in lgumes (Lddmenen ad  Tgi, 2000).
Thexe limtdios hovese mey be coddeddy redod in te ner fure & moe naMy
dedoped  gomh  regddos  with  adfic nopogeic tages  beome  adldde  for
eqpaimaidion Hfots dodd be gven © dedop rgdtve  aroyoggic sydars
dne auh sdars will find immedae gicion in mess popegdion ad  ahe aop
impovamat  pogars As  urkhdadng o  vaios  mophogeic poosss induding
gomh ad dffeetidion o zgoic erbyos is fat eqadng it is coevdde tha
dedoomat o hgly dfidet sndic erbyogaic sdems  with  pedicd  godicaion
can beantidpeted & lesdt for theimpartant leguminous agps intheforesseble fuiure

54 CONCLUSIONS

Dedaing 2zdic erbryo e@ats posssss a hogh pagtd fo SE
Urfatunedy, the limitsions invdving thee eqpais ae tet o thar limted paiod of
avdldility on an and beds dffiadty in dit@nng te pat meaid a te oored
cevdopmatd dap ad poatd se0d  vaidios  Sodic evbyogeess  in tee
legumess hes mody ben rgoted  from inmere zygoic eviyos ad  inEUe
cotyledorary eqlants

In ths dudy, we damodraed devdopmet o sordic aviryos in taraind  for
te fid tme Someic evbyos codd be indwed from erbyogeic dudue rdsd  from
the immeure zygoic ambyo eqats o dz2 6mm on MS medun sydematad  with
Daarta 5 ng’, 6% sooe ad 02% pyad & frapey o dot 0% ot o
whdh dout 23% ae in te fam o mutpe drudues Mutpde someic amnbyos coud
be imoed in twttbes aly ad nadt in paiddes The erbyo dedopmat wes
gmroos  Ths mophogedic repoee wes domaved in the IZE eqats  adledad
from vaios pats a dffeet frapedes Ths supeted the iMfluae o gadype o
arnyo inddion  Howev, te meudion, gamirdion ad oovason o te  sordic
arhryosinto paniescoud not beathieved



Fomdion o <sodhy <rdic erbyos ocodd be dsmved from te gid
rgan o the pimay <somdic ambyos Thar gomh wes asmdroos  Qutres  doMy
pdifeding by rgditve £ ae bdng mandmed fo nealy two yeas Ths is an
atept toedelich SSERE and maintenenced evtryagenicline

Hsdoged dwdes reeded tet te aicd maiem o te IZE eqlat dogped
o o emyogic suire  wih  high  neidemdic  afvy.  Somdic  erhyos
gigreeed  from  te aid ad oylebay roH ron Rimay  sneic evyos
gqpeed drey fom te eicemd ad shgicemd  tsme o  tee  erhyogic
drudures



CHAPTER G MORPHOGENETICRESFONEIN

SFHOLINGSGERMINATEDIN
FREENCE OF THIDIAZURON




6.1 INTRODUCTION

Thidaaron (\phenyi-N'1,23thiadiaza-5yiures), a Sbsituted phenylurea
ampoud cedoed far medenizad havedng o adion bdl, hes mow emegd & a
holy dficcdos hoegdat o mophogeess in the pat tise adtre  Apdicion o
thdaaron (TDZ) indues a dvae arey o adtue reposs ragng from  indudion o
cdis to famdin o <sndic erbyos Deqite te dudud dsimilaity, TDZ
edhbts te uwiqe popety o moddding bah asin ad otkinn dfed on gomth
ad dffegtidion o altued eplats Ofdinns n be dasdfied Mo det two
boed goys vz akire ad peyue daivdives eaodng o ter damcd
dudue Mok et al, 1987). In TDZ mdende te rgdecsmet o ethe o two fudiod
gop ie pey ad thdade with aha ring dudues redits in the reddion in its
adivity (Mok et al, 198). The avity o TDZ vaies widdy dgedng on ifs
aoatdion eqoare tmg  adired eqat ad s A rumbe o physdogcd
ad bodencd emts in s ae likdy to be ifluexed by TDZ which ae reposbe
for theutimeteresLit of mophogenic responses

In 1982 TDZ wes motd t© dow hgh aivty in poming gomh o
ofoknndpadat s adtues o Fesds lueis OV Kinggon Mdk et al.1980).
Ofddnn  adiviy o TDZ wes the hged o wved thadamdyluea daivaives teded
ad ecsd te o zdin The ality o TDZ to dimdae ol dvidson hes ben
drodgraed in oben s (Thomes ad  Katemen 1985 Ths PGR iduos
alvaiioss doot  fomdion from  tbeoo  lef dss ad  dimdae  raddh coyledn
epason  (Thomes ad Katamen 1986) Mapogeeic dfeds o TDZ hes bem
edesd by wmd resades (Huatemen ad Rexeg 1983 Mdered et al, 199
Maik and Saxeng 19925 Mokt al. 19687 Saaraet al. 1992 Vissret al., 1999).

Tre medeisn by whch TDZ imdoes  ofddninlike reposes is mt
udadood Ore theay is tet TDZ ponoes covason o oytokinn ribonudedides 1o
Hdogcdly moe ative rnboudedides (Copdle et al, 1983 Ohe remades st
thet TDZ syppots griheds o aedogaoss puine ofckinms o inhibts  thar  degraddion
(Thomes ad Katemen 1986 Mdk et al, 1987). Ldae ad Fx (1989 demordrasd
thet pheyluess irhibt  ofddinn oxdese  adivity. TDZ  can dbditle  auxinoytainin
reqrerat for  imbdon o smEic erbyogpeds ink ggaium ad  in indudng



evlbryogeess in pead, whidh dgoes ypon the pese o axirs in the  adture
meum Thus it is sugpeted tet TDZ mey noddae evgpos axin leds (Sxam €
al,19% Visret al, 199).

Thee ae rmots on inddion o avatitos doat fomdion in a number o
gades epeidly woody pats (Lu 1998 Hugtemen ad Pesg 198 A vt amout
d lidue ggaasd on TDZ-imduoad physdoged ad mopdoged  reposs in a
wice vaidy of pat gedes is revieved by Muthy e al. (1998). Updi ad Dha (19%)
aheed doa pdifedion (B2 ad muidicion (G5  doodeqat) fram
oy nok egat o Bahna i Wigt ad Amat- a lgguminos  liag
afed in MS bed medun orEnng ™ TDZ Wihdm (1999 noed  bet
pdifgdion o alattos doat fomgion when hypooyl ad pumde sefios o the
adic evbyo o scaoe nmgde (Acer  pseudoplatanus) wee adtred in MS besd
medun with 004nM TDZ ad 10M BAP Hfedt o TDZ on avettos bud ad
doa fomdion from hypoodyl sgmet o svedgum (Liquidamber  styraciflua L) a
hadwvood treg wes teted dngy ad in corbirgion with 24D, by Kim et al (1997
Tre combrdion o 1 mgl' TDZ with 001 mgl™ 24D, resited in higet frepexy o
bud poddion SakHa et al (1996 demogrded tet TDZ wes higly efedive in
dmiaing soat fameion from te ot sgmets (lom log, edsd fran sdings o
dlk tee (Albizzia julibrissin).. At 066nM TDZ, B% o the eqats podoaed sods ad
ebout 10 oaswereformad per eqdats

In a miev o sdic erbyogpess Lddmaen ad Tg (00, hae
idatified TDZ & ae o te mwv geedion govh rgddos eegny & ocesHu
dtardives for hgh-freqery dred reggedion o somdic erinyos eren fram wAl
dffeaticded eq@at tses Somdic emyolike dudress hae ben dsved o
immeue aoyleos o wdnt  adtred on woody pdat medum coianng TDZ ad
24D (Namen et a9y FE in peme o TDZ wes rmotd in wademdm
Compon ad Gay, 1992 ad mukmdon Gay et al199). In graium dred E
Wwes dddned fom  hypooyls on medum aotaning 02 ngit TDZ (Quedi ad
Sxeg 199 Sordic aroys wee dmvael on 090% o pau sslings  adtued
o melum wih 02 ngit TDZ Al sedings podioed smdic evbyss when TDZ &
11-88 ng]'1 wes idued in te medum ad mo dgificat dffeees in te rumbas



d sndic aroys pg saling wee dmvaed & tee cooatdios (Sxam et al,
199).

Meake et al. (197) rgqoted thet nmetue swedgum tress codd be regpeded via
meic arnbyogeess & a lov frpey by adting pats o damirge  infloesace
fom maue tess on TDZ medum It wes futhe demordraed (Mekle & al. 1998 thet
oan TDZ medun erbyogpess ean ke imbosd flom mutje gaaypess wWing s3k o

infloresoaceisuesaseqats

Smiden et al. (199 dmved te the nodda s poduod from  hypoodyt
edats d a madun Szl tee gm kaga @erculia urens Rod) alted on MS
meda gypamated with 24D ad BAP gae rnie 0 sodic erbryos on tada o
MS mada aranng 045 TDZ Diret ad indred someic arbyogeess in neam,
wes aheed by Muty ad Sxem (19989 o altuing nmere sk in madum
ypamaied with a wice rage o TDZ aawdios (E50™). Acodng o Xie ad
Hog (A0) te medum oniEnng 2mgl TDZ ad 05 ngit IAA wes mod effedtive
(1641%) for indudng embryogaric cdli from IME of Acacia magnium

Maphogedic repoe o tamaind tsses in adiue is vay poor.  Bqais
tken dathg from sdding o from mauwe pat dedffeetide vay dten  imepedive o
alre ocodios When te eqats ae adred in madum  phadics is  dten
podoed from te woudsd pat in coted with te medun ad dadffeatidion dats
from the inued tsse Ths poes a smios limigion on dudes on maphogaess in
taraind Ou dfots to altue vaios sading eqats mere buks ad IZE in 1 ad 5
noi' TDZ ootaning medum o indiee mophogeess led o pdue cditing from the
wouded pat d te tisse Kegung in view, te liteaure on dfed of TDZ on inad
sgiig ad o add te woud in te epat an deptr wes mek b |k te
mopogedic dfed o TDZ in tamaind  ssadings gamirded  in nedum  aoianing
TDZ Ths poosdre bessd on adtuing ined sedings rahe ten exdssd pat pats in
pemce o TDZ wes teded edlie in sybeen (Whigt et al, 1986, Hindee et al, 1989).
It acds menpddios reured with the ue o eq@at ogimzion o may fados
arh & pyddogd ap o te eqat ad is oietdion altue vesd, dl o whidch
hae ben down © be inpoat fo reeedon o legumess fran eqats (Hammet et



al, 196 Lazmi et al, 198/). As dred mopogeess fron ined sadings  dfas
oad aats @& o epaimatd gdem Mdk ad Sxey 199, te et
invediglion wes iniaied to tet the fesshbility of wing this smpe goproech for  indudng
regengaionintameind

6.2 EXPERIMENTAL PROTOCOL

621 Preparation of eqplant /Culturel ndudion.

Taraind sab wee oleted from te maue pos of locdly goan tes The
sgs wae waded toogly ad wufee dailizd (e in sdtion 32A10). Thee wee
then aitred on MS besdl meium gpdemeted wih vaying conewrdios (1, 2 3 4
ng) & TDZ ad D6 sooe Meda wee idfied wng 7gn™ ag. The pH o the
medum wes ajudsd o 5658 piar o adion o eaga. Quituad sk wee  inouaEsd
indak or light & 25+ Cor 6weeks

On anpdon d 6 weks the caked s a8 wes ramoved ad sdings wee
tadared on ap-gded MS bl medum dedd o TDZ ad spdemetsd with 2%
o Nurbe o  adtues dowing  eiooyl, hypoooyl, root  dffeetigion  ad
doggion dter 6 wedks wes soed The hdgt o qioyl ad leghs o hypoooyl ad
roc wae messued Thee memramats wae tken from ausde te toe The rumbe
d sdings donmng pdifedion o edding nodd meidan o iddion & de mow
agaopess wes soed ad te frapery o repoee wes ddamined Al te  adfres
whehe iriged in dek o in ligt, wee inbeted in ligt @ 2t2C from ts g
awats Siing o s=dings on freh MS medum wes gt tree tmess & an
inevd o 15 das Afte te td tade altues wee imbaed fo 6 weks ad
dmila mesramats wee t&ken The dda wes algeded to ddidicd adyss Thee
altres wee inueed fo an edadad paicdd o 4 weks fo futhe doagion o
doos At te ed o ths paicd b o doods o doat buk in esch saling
doning dffgatidion ad dogdion wee el The amae b o doos o
oot buosshoning dfferentiaion per sesding wes deiamined



622Miaay dtingd TDZ-induoed shaats

The dogged adlay ad aeiiios doods wee edsd ey from  the
TDZ-oqosd saling ad wad & <on far the in vitro ad ex vitro maoydtng After
raoing te dogged doos te sdings wih numeos doat buks wee  tradarad
to freh medun o sme composion fo doggion o moe doos  Dedtged N Vitro
gon salings wae wd & the roodok far in vito micogdts whle the decaiteted
salings gamireted in il in poybegspos wee wEd & roodok far ex vitro
miaaydits TheprooedLre usad for miqogrting isdesaibed in ssdion 32C.

623Higdogical sudies

Tre aolylebay mH sgmets mesuing ~lan in legh wes exdsd fram
te sdings gon in TDZ medun fo 6 wedks ad fran toe gown in MS besd
medun fa 6 weks The exdsd sgmat o TDZ tested sding wes ot logitudrely
iNfo wo heves Exch pee wes ot are noe info wo hdves © tet 4 quate sgrets
~lan in legh wee fomael Thee wee uwad fa hiddoged sdes Fdloving 6
weks o eqpoure in TDZ te sadings wee adiuad in MS medum for 6 weks far
dffeetidion o te buk Coyledray nod sgmets from adiues dte 6 weks o
inkgion in MS medum wee do0 wal fo hddoged dudes Said sios 10 Mm
wee af wWng a Radet - g 2680 rday madore Ssdios dodde daned  with
heereioglin - edn ad nouted with DPX, wee duwded ude maosope To duwdy
te dfex of TDZ in te hypootyl regon o te seding ~lon pee from jud bdowv the
ayleoray o sgmet we at ad fixed in FAA ad uwa fa  hddogd
preperation.

6.3 RESULTS AND DISCUSSION

6.3.1 Influenced TDZ on garmination of sesd and differentietion of sssdlling

Radde eregee wes moed in the sk dte 20 das o adire in MS medum
ad do in medun gspdemata wih TDZ Peswe d TDZ in medum dd ma dfed
gamirdion Homvev, te gomh o te sding wes nggivdy  influeced,  imegoedive
o te ligt condios The seding tet dedgod in presence of TDZ  (Fg6lA) edibitd
redoed  donggtion o root, epioyl ad hypoooyl (Teble 61). The roos o the TDZ goan



sdings wee dot ad tik ad te dedogmat o soday rods wes  aredal
Smilar efed on gamirdion hes ben noed in Albizzia julibrissin  (Sxkia et al,1994) in
pee o 0110 "M TDZ ad Phaseolus acutifolius A, P. aureus (L) Wilezek, P.
coccineus L. ad P. wrightii L(Mdk ad Sxew 1999 in pemaxe o 508 nM BAP
Taraind tses podee phedics in altre whidh in um irhbts govh In te ssding
aitre ssd ot is a ggificat suce o phedics In oar dudy, te madum tumed bromn
ad te goMh o the sading wes areded nat aly de to the pesse o TDZ bu do
aumddion o phadics rdessd fran te s ot Thedoe te s cd wes removed
pioc 0 tadeing te sk in ap glled MS bed medun dewdd o gomh regeor

and ypdemated with 2600 (Fg 61B).

Table61: Effext of TDZ on gromh and differentiation of tamarind sesdlings

Response after 6 weeksin TDZ 6 weeksin TDZ + 6 weeksin
Conc. (mg. Par ameter light in MSbasal medium
1) Light Dark Culturesfrom Cultures
Light from Dark
0 cultures showing 75.0:21.2 26.7:30.6 65.0:35.4 66.7:40.7
epicotyl (20) (30) (20) (30
differentiation
% MeanzS.D.
1 2 30.0:26.5 26.7+46.2 40.0:10.0 66.7415.3
(30) (30) (30) (30)
2 2 16.7%428.9 23.3:404 30.2:10.0 43.311.6
(30) (30) (30) (30)
3 2 10.G:17.3 6.7%#11.6 40.0:20.0 46.715.3
(30) (30) (30) (30)
4 2 16.7:28.9 10.0:14.1 36.711.6 35.:7.1
(30) (20) (30) (20)
ANOVA NS NS NS NS




Response after 6 weeksin TDZ 6 weeksin TDZ + 6 weeksin
Conc. (mg. Parameter light in M S basal medium
() Light Dark Culturesfrom Cultures
Light from Dark
0 Ht.of epicotyl 3.9:0.1 (20) 2.6+2.3 (30) 3.6:0.9 (20) 5.740.3 (30)
(cm)
MeanzS.D
1 2 0.9+1.0 (30) 0.2+0.3 (30) 3.3+1.0 (30) 2.0:1.1 (30)
2 2 0.2:0.3 (30) 0.1+0.1 (30) 1.3+0.7 (30) 0.8:0.4 (30)
3 2 0.1+0.2 (30) 0.1+0.2 (30) 1.8+1.1 (30) 1.0:0.6 (30)
4 2 0.1+0.2 (30) 0.3:0.4 (20) 2.0+1.9 (30) 1.2:0.1 (20)
ANOVA S NS NS S
0 cultures showing 80.0:14.1 61.5:7.8 70.0:28.3 77.0:15.7
hypocotyl (20 (30 (20) (30
differentiation
% MeanzS.D
1 2 83.3 5.8 56.741.6 76.711.6 93.3: 5.8 (30)
(30) (30) (30)
2 2 80.0:10.0 63.3:37.9 76.#11.6 96.7+ 5.8 (30)
(30) (30 (30)
3 2 83.3 58 66.7435.1 86.7% 5.8 96.7+ 5.8 (30)
(30) (30) (30)
4 2 86.7%15.3 60.0:42.4 86.7% 5.8 75.0:21.2 (20)
(30) (20) (30)
ANOVA NS NS NS NS
0 Length of 7.7+0.5 (20) 5.5+4.5 (30) 7.7+0.2 (20) 7.8:1.3 (30)
hypocotyl (cm)
Mean+S.D
1 2 2.6:04 (30) 1.9:0.8 (30) 3.7+0.2 (30) 4.0:1.4 (30)
2 2 2.1+0.6 (30) 1.8:0.2 (30) 3.0:0.6 (30) 2.8:0.2 (30)
3 2 1.8:05(30) || 1.8+ 0.6(30) || 3.1+0.2 (30) 2.9:0.1 (30)
4 2 2.2+0.6 (30) 1.6+0.4 (20) 2.9+0.2 (30) 3.1+1.3 (20)
ANOVA S NS S S
0 cultures showing 80.0:14.1 61.5 7.8 75.0:21.2 77.0£15.7 (30)
root (20) (30) (20)
differentiation %
Mean+S.D
1 2 83.3 5.8 56.7%41.6 76.7%11.6 93.3: 5.8 (30)
(30) (30 (30
2 2 80.0:10.0 63.3:37.9 76.7%11.6 93.3: 5.8 (30)
(30) (30) (30)
3 2 80.0:10.0 66.7437.1 86.7% 5.8 93.3: 5.8 (30)
(30) (30) (30)
4 2 86.7#15.3 50.0:28.3 90.0: 0.0 70.0:14.1 (20)
(30 (20) (30)
ANOVA NS NS NS S




Response after 6 weeksin TDZ 6 weeksin TDZ + 6 weeksin
Conc. (mg. Parameter light in M Sbasal medium
() Light Dark Culturesfrom Cultures
Light from Dark
0 Length of root 4.4+3.2 (20) 2.7+1.9 (30) 3.0£1.9 (20) 4.6:2.4 (30)
(cm) MeanzS.D
1 2 0.9+0.1 (30) 1.1+0.5 (30) 1.20.3 (30) 1.3+0.2 (30)
2 2 0.9+0.1 (30) 0.8+0.2 (30) 1.2:0.2 (30) 1.0:0.1 (30)
3 2 0.8+0.1 (30) 0.8+0.1 (30) 1.1:0.2 (30) 0.9+0.1 (30)
4 2 0.9+0.3 (30) 1.0:0.0 (20 1.3:0.1 (30) 1.1:0.0 (20)
ANOVA S NS S S

Houresin paranthessindicate number of reglicetes

Tareind sdings in MS kel medum with 26 sooe ad witod PFGR gew
fde then tet gown in TDZ erided meda ad te gicd meiken o tee pats
gev ad wmd leves gpeedl The pats dedopsd hedty roos with  sved
soday roos (FAge2 A). The adlay bubks in te oyledonay node  oocadordly
doved pee o two tree doad pimoda Thee pimoda wee oedoosd  fram
eidng maigen ad dd nt dogge paelly de to gicd dominace In corag o
te MS medum gomh o te pimay dod gess o moet sadings rassd on meda
artanng TDZ cesd (Fg62 B). Axilay doas dd mt gow, bu te aes ajeat
to te olyleonay mnok beare meidgereic ad podoed rumeos o bk
(Fg62 C 63. The aitues gonirg in TDZ medum for 6 weds ad inobeed in ligt

dovad hgwe fregey o ogaogaic repose ten toe imeed in dak  (Tade
62).
Table 62 Efedr o TDZ onetrdion o freueny o adtures  showing
arganoganessin intad ssadling of tamarind.
Conc. of TDZ After 6 weeksin TDZ 6weeksin TDZ + 6weeksin lightinMS
(mg.1 '1) Freguency of response Frequency of response
% %
Light Dark Culturesfrom Culturesfrom
Light Dark
0 0.0+ 0.0 (20) 00+0.0(30) 00+ 0.0 (20) 0.0+ 0.0(30)
1 46.7+41.6 (30) 26.7+46.2(30) 70,0100 (30) 66.7+15.3 (30)
2 26.7+23.1 (30) 26.7+37,9 (30) 53.3t153 (30) 83.3t11.6 (30)
3 33.3+30.6 (30) 23.3:40.4 (30) 63.3:252 (30) 83.3t11.6 (30)
4 40.0+45.8 (30) 30.0+42.4 (20) 76,7231 (30) 65.0* 7.1 (20)
ANOVA NS NS S S

Houresin paranthessindicatenumbe of replicates




Fig. 6.1

FHg 61A : Taraid sedings govMg on MS bed medun dedd o TDZz
ad with vaios conoetdios o TDZ (1234 ngl'). Gald
redudion o eioyl, hypoooyl ad root dongion with inoeese ir
TDZ wesnoted

B : Gamrged =0 dified 0 MS bed madum dte 6 wek
eqpoareto TDZ ad dter ramove of seed ooet



Hg 62 : A : Ssdig gomrg in medum withot  TDZ dowed  hedthy
roots
B : Saling rasmd in peaxe o TDZ (n ngoity o te
autures Sowed reducad gomh of primery $hoat gpex
C : Hdh meigardic advity in te ayledray noe & wdl
& in te rggn bawen te nods in sEding goawn ir
N7 mardhim



Fig.6.3

<

A doe view o te lodizad maidareic
adivity in the aoyledorey noce e wdl & ir
j te mooks in sAinc

te rgon  bawen
goaninTDZ medum

Hg63



Ogaoggess hes ben imed on it sdings o swvwd hebeoos  leggume
s gon on nmeda ydemated with ockins Mdik ad Sxag 192 Mdk
ad Sxep 19239 Sxan et al, 199). Two typss o nophogaic reponss hae ben
dsmved () The inddion o pdific oot forgion from te ayledoay noe ad
aess wmoudny te doot gox Mdk ad Sxey 199) () in pata dffeetidion
d smdic erryos in the gicd rggon ad on te arfae o oyledos ad hypooyls
In te pemwre o rdaivdy hich leds o baml aine (380WM), boh someic
arbyogreds ad o reggedion wee domved with et sdings o Phaseolus
coccineus (Mdik ad Sxewp 19929 The resadws diibued ths high  dfidacy
regeadion repoe o te hgh led o BAP duing ssd adtue withou dduting the
mophdoged  inegity of te sxdig Honve, the sadings o Albizzia  julibrissin
SrkHa et al, (199 wee ddindive in tet they nethe poduoed pdific oot o
sreic evhyo fram doat tise Ingeed doos wae reggaaed from roos o inted
salings

TDZ, a paat ofokinn for woody pat tse adtue hes ben usd for adillay
doa pdifedion ad alvatios reggeedion  Although  advatiioss  doot  produdion
is grady udsrdde for dod popegtion it ean rgreat an exadlet  goportunity
o rgEwde pdais fron  tses menpdded  trough  bdedydogy  (Hudismen  ad
Pee 1983 The doe o TDZ is aiicd in regaadion dudes Lowve  cooatraion,
dimiaged aly adlay oo pdifedion wheess in hide, alaltos doat
poddion wes deaved (ChHupg 1983 van Niawmkak et all98s Yuwsita et all190)
inQuercusrobur, Malus domesticaad Cercis canadenss.

Thee ae rgots deibing TOYZ induosd £ in inad ssdings of peak It is
apetd tee E is indbod by ifluedng edoggos leds o bah axis  ad
otoinns (Mutny et al, 19%). The embyogaic poetd o sadings wes limited in
eqats withou odyledos ad tey dd nat repod to inoesng leds of TDZ In
oted, rdation o dled oe o boh oyledos reuted in incessad repoe O
TDZ Apat from a nuwitord rde odyledos nmey d0 hae a regdaay rde (Muthy et
al, 199. Somdic erbyopess in inted sading povdde an exadlet sdEm o sudy
te rde o dffeat nmesbdic pdhways in regeedion de o te maneee o



ordde dudud  ingity ad a pyddogcd cotnum o sedings &8 comparad o
thealtured exdsd tisues

The oagaogic repoe gpae in mae rumbe o taid ssdings on
difing the adtues thice (evay fotigty) on MS besd medum ad inoding in
igt Ths it wes dmaved tet thee wes an inceee in the frepey o  adtues
doning agaogeic reponss  imepedive o whdhe the  adiues wae  intiged in dak
a in ligt PRosby te repose intded & te odlua leld duing TDZ  eqosue
becare vishe aly dte pdogd adtue in medum dedd o gomh regdeo. The
ligtintaed TDZ-eqosd adtess on difing  tice t©© medum dead o gomh
regddr in ligt doved an ineee d 15 o 2 tmes in agaogeic repone whaess
adturesintiated in dak showved 2 to 3timesinoresse (Tede 6.2).

Opckinrs  like BAP, & hdgwe omatdios ooy dimdge doa
pdifgdion ad irhhkit ther doggion Thadoeg irhibiton o doat  dogdion by
TDZ mey be cosdat with its hgh ofddnn adivity ad dodd nt be coddeed a
taxic dfex The pddan o dod daggion en be ovewome by tade o dod
alres 10 a soday medum dten laking TDZ o with a dffeat bdace o pat
gomh regdaos (Hudlemen ad Rexe 199083 U o pimay ad soodhy meda
hes ben aoesfu with gpe (Fesdo et al, 1989, per (Sngm ad Breig  1989),
Ppuss Redl ad MdCownn, 1989, ad Roddedon (Peee ad Imd, 1990). In
Rodocbdon a pimay madun wes wd to maxdimiz doat  pdifedion ad  te
doot o bud mess wee taderad o soochy medum with dher covbirdios o
dat gomh regdaos Pexe ad Imd (191) rqoted tet te nmgaity o the dhoos
(rdoed on lef eqat) reggeded on TDZ medum wee dot b dogped  dte
tade t©© medun oortanng TDZ ad IBA. Digdajoy ad Gaee (197 dsavdl
thet in esten redoud (Cercis canadensis L) getet nurbg o doos weae dosaved in
ayleray nok eqats in medum with te corbrgion o 10 M BAP ad 05 o
10nM TDZ autured for 20 dayspriar totrander toamedum contianing BAPSngly.

In te pemt dudes difing te sding © medum withouw TDZ, rexdted in
dffggtigion o te dox buks (Fg64A) indbed in peae o TDZ Chagrg te
medum tree timess wes hdpid to redue the ey o TDZ in the sdings The



poes o dffeetidion o te buks ad fomdion o dogged doat wes

sandroos Thadae dogded doos ad  patdly  dffeatiged  buds (oo
pimada waessnintresameadture (Hge4B).

Nurber o doat ad dodt pimoda s in exh e@dat wee soed udy the
miaosoee Honvea, tee ae gpodmee figres & dl te buks ocodd nmat ke couned
(Tde 63. Bxdson o te dogaed shoos ad redining o te sling in goah
regddor free medum tiggeed dogdion o a sod ap o dods which  doceed
ad ocudd be wad fo maoyding dte eddon In may ss rumaas  maidarTeic
busweredosavadintheadlsd thefirg leavesand shoat maisem (Fig 64C).

Table63: Numbe o shoat ar shaat bud differentiation in each sedling

Caocd Frequency of seedlings showing shoot Average number of shootsor shoot
o7 or shoot bud differentiation budsshowing differentiation / seedling
( |-1) Culturesfrom Culturesfrom Culturesfrom Culturesfrom
mg Light Dark Light Dark
0 1000t 008 1000: 00 (14) 34t15(9) 36t13(14)
1 830207 () 9.3 64(2) 76:18(17) 13647 (20)
2 %2+ 83(19 77067 (5 75:17(15 60£30(19
3 804+227 (24) 683:104(%) || 114:15(19) 7667 (19)
4 915t 75(4) BAEBALY) | 121072 77#80(10)
ANOVA NS NS s NS

Houresin pararthessindicate number of reglicates

On edadd inddion o 4 weks dte te tid tade in MS madum  without
goMh regdaos it wes cosaved tet te doot buk ad doos dffeetisged from the
buks in the aayledoay modss & wdl a8 in te reggon in beawen the adyledonay  nodes
(Fg65A). Theseding goanintremedum



Fig.6.4

Hg 64 : (A, B) Diffeatidion o TDZ indued doat buks in MS besd
medum dedd o 2 gomh  regddo. Aspdronou
dffeatigion o doos indcte amndyoous  indudior
o bus

(© NumeousmaidaTetic buds (Armow)) induoed inthe axil
o thefird leaves



Fig.6.5

Fg65 : (A) Numaos doas dopped from te TDZ induosd bus in te
yleoay sgmat o te t@maid sding de tre
tadas in MS bed medun deod o gomh regleor
Soas wee d0 =n in te rgon bawen te mod=
agedngy de novo aign o te doods Hogdion o te
sdingweslimited

(B) S=dinggonninmedumwithout TDZ dossnat sow mulide
dhoas/bucs Nome danggtionof sesdingwesnoted



dad o TDZ does mt dow pdifedion o mitge doas from  te
yledonary nodd regon (Hg65B).

Lu (198 empeszad te log epoare o TDZ is not reoommeda & this ney
ase hypatyditaty, &nomd dot doat ad dffiadty in roding  Difficdty  in
dogdion ad roding of TDZ reggeaed doos wes rgpated in Celtis  occidentalis
Meg ad Kears 1989 ad Ixia flexuosa (Meg ad ven Sadn 1988, Roding o
exdsd miaotods mey be redided de o ‘cry ove® dfet of ofddnins wsd in the
doa pdifedion medun  Honveve, with mot geedes TDZ doss b sam to  irhibt
alvetiios roat formdion ace dods ae exdsd (Fedo et al. 1989 Yuwsita et al
190 PRese et al. 190). Bxogios indue irhbted roding o Vitis rotundifolia
(ms=dre gge Gay ad Betn 191, ad Roddedon (PFexe ad Imd, 1990).
In mecadne gge aly 80 o te dodas indued in TDZ, fom roos compered 0 3%
roding in doas dedogoed in BAP medum (Gay ad Beton, 1991). Roding frequecy
o lef doived aletiios doods o Ruododedon dedgeed in medum with 0%
100m TDZ wes 073 & agd 7410% in dods gown in 57/0n 2P aotang
doa  imdion medum (PFexe ad Imd, 191). The redoad rading cgpedty wes
atribued to paSgece of TDZ in te doot Sakha e a. (194 noed dday in roding
d TDZindued shoat from inted sedings of Albizzia julibrissin. In MS medun wih o
without 49 IBA, te dwods dedged in KN o BAP rooed 47 das adlie then
toe dedoged in TDZ aotanng medum Honvew dl doos dedgoed i nomd
pateswitin 3wesks

Taraind tsses in adtue podue cdlls on conted o the wouded pat to the
medum  Maeove roding in tamaind doad s poor ad  reuress  axin tresmat
(Sdion 33 A3. Often the roding is asodaed with cdlling & te at ed o the
doat Ths redits in poor anivd o tse adtue rasd pateds o tamaind in <ol
Kegpng in viev the poshlity o lov roding frequey de o cary o TDZ ad
cdieng & te ab ed in coad o medum ad poor roding ad anivd, the gyroech
af miaogrting wesadopted far the TDZ-induoed shoats Miicrogreting



e T

Fig.6.6

Fge6 : (A) TDZ indwosd doat miaoydted on in vitro rasd
roodock.
®) TDZ induosd hoasmiaogetedon in Vitrorased
rootstock suvived insol.



dudes in sdion 31 doved a Mo swoesss Hae te TDZ daived  dagetsd
shoaswereexdsd and usd far ex vitroard in vitrogrefiing

633Miaaydtingad TDZinduoad shoats

Tre dods when migogdted in in vitro codtios doved wion in 88 % o
altues (Fg66A). Thee gdts on ttade to <l doved 0 % anivd (Fg6EB). The
shoas gdted ex vitro, hovedm, donved aly 12 % wion ad anivd o te gdt
Amila repoe wes do dmaved in ex vitro gdting o te shods induoed by
oytckinnsauchasKN, BAPdc. (stion33C3).

Altogh te s ade mehod for regeedion hes ben gydied 0 a numbe
d ootree gades te madeisn o te indidion ad eqresion o mophogeness
fom it salings ramas uredvedl  Sne the  dffgatidion oous on ittt
sgling te rumbe o maipddios reured o induee rggadion is redusd 0 ae
in compaisn 0 w/ad in poodues invdving  adiue o sading eqais Moo,
te ' o maue sk adds ldo-inesve oiimizaion o fatos asodged  with
e@at adtre In adtion, dred nmophogaic  dffeetidion  ofeas may alvateaes &
an eqaimetd sdan fa earde in te dudy o hodermicd ad ndeua emts in
agn ddamirdion ad dedgmat ad te medaign d aion o gomh  homoes
invdvedl The rgudty ad hich frepey o dred mophogeness rouindy  dtainede  in
sl altues ae epatad to falliide ddde Agdedaiummadaad o dred, gadic
trandometiondudies

634Higdogy

On eamnng te sdion tken fran te oyebmy sgmet o te sadig
gon in meddun dead o gomh reggdaos aly wo meidas o te wo
oyledorery nodes aodd be sen (Fg67A). The gicd meidem  dffeetided to ot
At adting the sding in TDZ aoanng medum fo 6 weks the aylamay
mndE sgmt wes swlen ad te govh ad dedgmet o maidardic buks wes
med d aoud te nod st For coveiere o hiddoged pgadion te
sgmat wes ot wvatcdy o 4 qetes Ths te sfion (Fgb7B) dons the
hadogy o nod sgmat patdly. Diggbejog ad Gaee (197 duwded  mutipe
doa fomdion from ayledorey node sgmats o edan rebd in peae o TDZ



Thee resades afimed te de novo aign o dwods hddogcy. In - conaurece
with thar dosavaion in tamaind dodt bd dedopmet wes moed & te adlay b
rgon & te ayledoay noe (Fg6/B). A rewly famad  maiderdic  lae
dedopd on te oyleay nok sgmat dl aoud (n te ad o te atyledomay
ke & wdl & te rggon bawen te wo ayledoey nodd adly. Advatios oot
pimoda iniged & a redt o ogrizd drefiod gomh o odls fran maidareic
odls Appaaty thee doos famad from gidamd ad sbgidamd ol laes  Afte
6 weks o imbdion in medum dead o PGR te buk  dffeatided  futher
(Fg67C). Ths bxare noe eidat in te tasee sdon  (FHYEMD) Sevad
maidemeic buks with soat gex ad lef pinoda (Fg67E) codd be s in te
sdios Thee maidardic buks ad doad pimoda wee s in dl te for quates
o te aylebray node dded  Sne tee wes o vesda comedion from te  buds
it is gpaet tha the doat fomdion is via de novo agpogeess As opeted by
Diggbejog ad Gaee (197 it is peumaed tet te fomdion o the maidareic
e on te afae o te opyleabay symet cdd ke de to pdifedion o te
maidedic odls & te ooy moH ad. 9mla dmsavdias wee nmee by
Mdk ad Sxem (19929 The dffegtidion o dods in altwed sadings oooured in
dl s dredy ad fron eddatly sbgidemd e witok ay  cdluis  fommetion
On earnnng te hypooyl reggon in te same sdios ude te miaosoe it wes
graat td the maidamdic adivity wes nat redrided 0 the adyledoaty sgmats bu
do gred 0 te hypoooyl reggon (Ag68A). Although the dods wee mt vishe &
te tme o havedng te altue dte 6 wedks in TDZ, bu maiderdic afivity oodd
be ddeted & the sbgidemd ddis o the hypoooyl rggon  In te hypoodyl ssgmat
(o) bdowv te oyelay moH st e from te sgding dte goning in
MS madum fo 6 weks fdloning eqoaue in TDZ, meidareic cates wae doesavad
in te gbgpdemd layas Diffegtidion o a sbgidamd zoe with  meidardic
oates onpoed o grdl, isdaretic adivdy dvidng odls haing dese  ojtgdasm
adlagenude weenated

Higdogy o thee type o doa bud pinoda hes ben down by Dissbajog
ad Gaee (197, whcdh tey aheal fom edsd oylebay e sgmat o
Eaemrechud (Cercis canadensis L)



Hg 67 :

Fig.6.7

A) Sin o te aylebay sgmat o sding gon in medum dead o RFGR
doved two maigas o te two ayledoay nodes Apc  maidan
differentiated into shoat. (ber =500nm)

B LS o te opeormy noH juxion dons meMy fomed maidareic layes
tbdoed on te ayledomy noH sgmet  Inddion d sved  maitareic
budsfram theepidarmel and abgaidad layarsissen (ber = 2000)

© LS o te ayleomy mdH judon fon te adives gown in MS bes
mun fao 6 weks fdloning TDZ e@oare dons noe dedge
maidameic buds (ber =200mm)

O TS o te quata pation o te ooy mode dons sved  dffeetidec
dhoat primo—rdia (ber =250mn)

® Wd dedgpd doa pimoda with ®wea lef pinoda wes s & hdwa
megrficetion (oer =125m)



Fig. 6.8

Fg 68 : (A) LS o te oylebray moke sgmt dom
maidareic  afivity in  te Sbgidamd rgyor
o te hypoooyl jud bdov te mode (a =
15m)
B Trasex wion o hypooyl regon ~ oy
bdov te mode doved maidardic  oate
ausdethevesoua ring. (lber =250mm)



6.4 CONCLUSION

Thidaaron dgdas typicd  oftokyninlke  popatiess  Indudion o diret
mophogeess i pese o TDZ hes ben rgotad  edlie. Dt mophogaess  in
ined sdings dfes wmd alvatos in gpicion o hdsdhndoged — gproedes
fo impoemet o pdat ad d0 & a egaimetd sdeEm The presat  invedigeion
wes infiged to tet the femsbility of wng ths snpe gypoech for indudng  regenerdion
inawoody goedeslike Tamarindus indica.

Taraind sk oeded from te lody gomn tess wee adued in - medum
ardnng TDZ TDZ dd mt dfed gamirdion, bt dd influece te sbsget gomh
o te sing The sding in peae o TDZ dovad rebod roo, oyl ad
hypooyl dogeion The forreion of swoonday roos wes areded The hypoodyl wes
thdk ad dou, while te leves o the doat maidan dd Mt opn The adlay doat
buk pdifesed ad te oylebomy oA sgmet do  dedoged  ®sed
maigemeic humps in te lodizzd aes  indcding hih  mophogeeic  adivity,  which
wes oofimed higdogcdly. Thee buds hovess, dd mat dogge to fam dods in
TDZ madun Thedoe tee sadigs with te bubs wee adivad in medum  devad
o gomh rggdaor for pdoged paicd The medum wes depd fruetly o diue
te dfet o ciy ovd@ TDZ  The doat buk dffeatiaded ino soot pimoda on
inkeion  fa 6 weds in medun dedd o gomh regda. Bogged  doos
dedoped from thee doa pimoda dte te ededd inobdion o for weks The
sling daived doos wee miaogdtad in vitro ad extra vitrum. The pats developed
fromthe TDZ induoed seeding daived miqogrefted shoats anvived ingall.






Tareird (Tamarindus indica L), a tee legume is a muipupoe mondypic
ggwa Apat from bdng eomcdy inpotat, de to is hady rdue ad wide
apiddlity to vaios ayodimgic codtios it is a gitbe caddte for  dfoedaion
and =l redametion/ phytaremedidion progans

Vay lile wok hes ben doe in in Vitro reggadion of tamaind ad to dudy
the bedc poeeses invdvaed in nophogeess The presat dudy wes dredsd  towads
giimzion o odtios fo dod  popeggion Saling egats - doa tps ad
ayledorery nodes wae teted for dod  propegdion Thee eqats wae  adtued in
ag oded MS besd medum gypemated with 26 aooe ad dffeet oftddinrs &
vaios oonatdios ad ambrdios The dfed o  dffeet cabdyddss wes do
sded It wes foud te BAP 1 ngi' appotad muiicion ad dogdion but the
laves of the dods wee mt oprel Lone coatdion of BAP Q0205 ngl') wee
bedidd for daggion o dods ad do doved a hge frpey o doas with
opeed leves Fegperyy o dogdion ad hegt o te doos reod  wih e
e in te covatdion o BAP. Amog te wo eqlals teded adyledoray node
caehge reporseindl theparamgasduded

Thee doped dods wee roded dte axn temat ad patds wee
tadared 0 <. Hoverm, te anivd o pats wes 210 THs mehod wes edaded
to te maue tee daivad ailay modd eqais Suwdes wg vaios fados o
dffeet paamges reedad e, BAP & 0105 ngl' sppoted  rouing  ad
doggion o tee hubs Mo dot Love oowatdion o BAP, yiddd moe  dods
With opened leaves However, aur ffartstoroot theseshootsraeined futile

To impoe yon the avivd rdes o in Vvitro rasd tamaind pats in <, the
doas wee mooydted on decited  sedings  In o vitro micogding wes  suocesful
in 7 o te gdts when doa tips (mesring & leed 3 am) o te a@ic adtuess wae
el & gios Higdoged dudes ocofimed te gdt — wion Fonm te Ex  vitro
maogdted pats gdt uion wes adied aly in 10% o the gdts Ths mahod on
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