
STANDARDISATION OF TISSUE/MERISTEM 
CULTURE TECHNIQUES IN IMPORTANT 

HORTICULTURAL CROPS 

BV 

K. RA.JMOHAN 

THESIS 

submitted In partial fulfilment of the 

requirements for the degree of 

Doctor of Philosophy In Horticulture 

Faculty of Agriculture 

Kerala Agricultural University 

Department of 
Plantation Crops and Spices 

COLLEGE OF HORTICULTURE 
Vellanikkara, Trichur 

1985 

I 
\ 



.... 

I hereby declare tbat this theais entitled 

"StaDdardiaatiOD of tissu';_rlst_ culture technique. 

in illportant hortlcultun 1 orope· is a bonafide record 

of reaearch work done by _ dUr11l9 the course of research 

and that the tbaala haa not Pl'eYlously for:med the beaie 

for the ~_rd to _ of allY "89ne, diploma, a.sociate.hip, 

fellowship or other siall.r title of any other Unl.eralty 

or SOCiety. 

Vellani1dtara , 
..., --12--1985. 

i 

vI, ./c . . 1.,/ ',v~ 

lC. RAJMOHAIf 



111 

Certified that tbl. tb •• i. entitled 

·Standardi.ation of tis.~ .. rl.t .. culture teChnique. 

in iJaportant horticulturel 01."0"- 1s • record of 

....... reb work done iDt5.,.DClently by MI.". It. RAJMOBAlf 

under .y Quiaanee aDd euperwi.1OD, aDd that it bas not 

neYioualy fo~ tbe baal. for the ."ara of any devne, 

fellowshlp or .a.ocla t •• blp to bill. 

Vellayanl, 

/ -12-1985. 

(R. Mobanak_ran) 
Cball'll8.D, Adylaory COIIIltt ... 

Ita.ocieta Director, 
lCMP, Southern • ..,ioo, 
College of Agriculture. 



CBn'IPlCA!'& 

w. the andersigned, ..-bel'S of the Advisor,r Ca.m1tt •• 

of Mr. K. RajlDObilD, a candidate for the 4"r •• of Doctor of 

Philo.ophy in Horticulture, 89ree that the theeis entitled 

·Stand.rai •• tion of tissue/ .. rl.~ .. culture technique. 1ft 

importoftt horticultural crope" IIaY be eubnitted by Mr.X.aajaoban 

1n pertial fulfilJDent of the req\llre .. Dts for the degree. 

4::,-,,-1.-.,~ 
R. Moba_ a-aran 

Associate D1recrtor (RMP - sa) 
(ChalDaa) 

';) ~ 
Dr.Y.C. s<i;;;'~~~ reb 

( /I~ ... ~I/ ': t~· I' 

Dr.P.A ••• hid 
9rof.asor (aa~1otrac.r) 

(Member) 
Director of R ... arch 

(I'''''r) 

J/lf~ 'f (,/rl . 
Dr.X.M. HarayaDen Rallbood1ri 

Prof ••• or (Aqrl. Botany) 
CM_her) 



• 

I wiab to .xpr •• s ., ~ •• p •• na. of gratitude 

and a4Jairatlon to Dr ••• 1toba1l81tw1ara., A.sociate Director 

and Chai~n of the A4¥iaory Committee for bi ••• laabl. 

guidance, critioal sUJ)8rYiaion aDd ins~riDfJ 8tagge8tiona 

throUi!jJbo\lt the course of the illYe.tigation ana the 

preparation of tbe thes1a. I f.el particularly indebted 
for hi. conti • .., encourage_nt alK! constant help. 

I ext.nd ., gratitude to Dr. P.C.Sivara.n .air, 

Dirac,tor of ae •• arch, Dr. A.I • .10 •• , Prof.8sor (Soil 

Sci.nce and Agrl. Ch .. i.tJ:7), Dr. P.A. Wahid, Profeasor 

(aadiotracer) end Dr. K.M ... nyanan RamboOt.'liri, Prof •• sor 
(Agrl. 80tany), __ era of the M¥isory CaDII1tt .. for thelr 

crltlcal 8\19ge8tloft8 ane! alncer. help In the conduct of 

the .xottrlaent and the pr.paration of the th •• i •• 

I would like to thank Srl. V.K.G.Unnlthan, 

A8~oclat. Profe.sor (NJrl. 6tati8tic.) for hi. belp In 

analy.lng the data aDd interpreting tbe re.ults. 

1'h. help rendered by Sri. K. Ma4ba'f'on _air, 

Associete Prof •• sor (In8t~Dtatlon) and the other ."1". 
of the Instruaentation CeRt ... while establishing the 

facilltie. for the conc!Uft of tbe exPeri_nt i. gratefully 

recovnl.eCI. 

In addition, I wisb to thank. Dr. K.V. Peter, 

Prof ••• or (aorticultur.) and Dr. G. Sr .. 'kanc!an J!1alr, 

Profe •• or (Horticulture) for their encouragement and 'help. 



I •••• ZY _h 1"~" to .,. fria"'. 
Dr. It.S.RaJa~a aDlS Dr. C ..... cban4na for their 
c .... t1 •• 811fO .. t10118 a" 1upiret101l chlr1ft9 the co ••• 
of the 1 ..... tl,8t1_ aa4 ,be pnpantl_ of the tbeala. 

'!'he bel. rend ...... by Dr. C. aa.chenaRn dur1ng the 

c:ytolOCJical .tadtes aad Srl. IC. Y •• ant."'r dur1ftfJ 
th. h1stologlcal studl •• 18 gretefully acknowledged. 

'1'be _rd of fellowahip "y tbe Kerala AIJrlC\ll­
tval VIlJ. •• n1ty i. 9rat.hll,. aeJaaowl __ ged. 

I voald like to thallk Sri. Y.P. Asolean, for the 
_at ,ypiD, of the _D .. owlpt. 

I alao w1.h to exp~a WI obl1;at1on to .,. .rl ...... 

art. B.a. ~htuuath, Srl. V.K. aaJ., Sri. A. Augue'lD, 
ar1. B. V. 1Iybe, Sr1. M. .NMI1l1 V.Juab, .... KeA. Ai.bab1 
.Dd Sri. • .It. Para._ana aad tbe .taff _lIbera of tbe 
D.pert_Dt of Plaatat10a Cnpe .n&! Splc:tta, vho helpec1 _ 

in 0_ way er the other du1ag tbe cour •• of the 

l .... ti,.tloD. 

r1nally, ., t_Db .... 41Ie to ., IIOther all4 ,,1f. 

for tbeir .neoural_at .ad llelp. 

J IL. 110 M. v------_ . ../- ... 
I 

It. Jt.AJlI.CIIAII 



.... 
JJft'a(J)1al .... •• 1 

... uat 01' Ll'rBRA'l"URB •• .. 
IINf_IALa ,.., IlftHCDI. •• 42 

usuura •• II 

DISCUSSICII •• I" 
Ava.NY •• 221 

Ul'aacB8 •• 1 - XId.a 

AP1'BIIDxca •• 1 - .111 



1. lD yUm _ltiplica~iOll procedure adopted in jack 

2. Surface sterilintion treatJaents on jack explants 

1. Culture establiebaent tr1al on jack explants 

4. Various coapoUDds (auxiu, cytokinin., cyto'kinin 
related substances, 9ibberellin, aJDino acid 
supple.nt, carbon souce., inorganic and ol'9anic 
caaponents of .. -.4i.) and Anderson'. mediwa 
tested on the IllUltip11cation rate and qrowth of 
shoot apex culture. 'J:OII 5-"ear old jack ~rees 

5. Caapouade and php1cal cond1tiou tried for the 
111 vitro rootiD9 of Jack shoots of d1fferent source. 

6. la y&tro aultip11cation procedure adopted in 
auasaende 

7. Surface sterilisation ~r_t_Dt. on .... aenta explents 

8. CUlture .stabli8n.ent trial on muescenda explant. 

9. Various compoUD4s (aaxiD., cytoki nin relate" 
sD.taac .. , carbon source, iD.orqanic COIDponents of 
MS ...,1\8) and Anderson'. -.d1Ul1l tested on the 
.alt1p11cation rete and qrowth of muss.eDSa shoot 
apex culture. 

10. Verioue factors (aux.i., incZ'9anic: cOlDponents of 
.. med1., carbon source, avar; Anderson's .... 1\8) 
testtH5 on tbe .ill yi,CO rooting of mussaenda shoot 
culture. 

11. .Ill y"ro IllUltiplication procedure adol;)tec1 in 
breadfruit 

12. Surface sterilisation treatments on breadfruit 
explant. 

13. culture establi.hment tr1al. Oft breadfruit explant. 

14. Surface sterilisation trea~nts on "P8l'"'l8r explant. 
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15. Culture .. tabll.~at trlala on pep~»r .xplant. 

16. Steve II trlal. oa papper 

11. Surface sterl11sat loa treat •• at. on IRltJaeCJ .apla ate 

18. cultuce e.tablis~nt trial. Oft nat-.g explant. 

19. Effect of Cllfferent trea~nt. Oft tbe sU9'ival ana 
91'OWth of tbe Jack sboot apex culture. (vla .nhanced 
rel .... of e:x11laa-y btKIe) 

19&. affect of the treatments ld.ntlfl __ a. l'r01D1811l9 
OIl the eU'Ylftl and 9J:OWth of Jack shoot. apex 
end lateral bud culture. (via eD1anceCI relee.e of 
axillary bude) 

20. .,f.ct of dlfferent treet_.t. on the !)roductlOD 
a.c growth of calll f,. .hoOt apex and lntenoaal 
~at cult ... of jack (v.r.t •• ~tlc 0 ..... n0CJ8 ... 1.) 

21. Iff.ct of different t .... t .. nt. OIl the production 
and 9~owth of celll Ina leaf ..... nt aid root tlp 
cultur ••• , Jack (v.r.t. eo.atlc organogene.is) 

22. Slf.ct of Cllfferent t ... tatent. OD the illCluctlO1l 
of .c.atlc "ryoW. (callus 1nthtetton) f~ shoot 
ttp, illt.~DOdal • ..,_at, lea' 8ec)lleftt and yean; 
lnllor .. cence cultur.. of Jack 

ll. affect of cOMbinatloDS Of M ana IVeA on .ultipl. 
shoot formatiCID froll jack shoot apex cultures 

l4. Multiplication rote pel' exPlant (f~ 1-,..1' old 
Jack tne.) on eabcalturl89 at 4-week lnt.rYel 

25. Effect of cyto1t1nina 011 .ultipl. shoot fo~tiOD 
fl'C8 Jack shoot apices . 

26. .ffect of ad_1De, aI8IIi_ .ulphate, ca •• in 
hyCll'oly.ate an4 GA

J 
011 .ultiple shoOt fOJ:1letion f~ 

Jack shoOt apic •• 

21. Iff.ct of aux1aa OD .altlpl. shoot for.tlon fl'Ca 
Jack shoot. a plce. 
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28.. Effect of .. l~an1c •• lts, lIB orvanic growth 
factors, IIUCl'Qle and 911100 .. Oft IIlUltiple shoot 
forratioft fl'. jack .boot apice. 

29. .ffect of ccabinatlou of 8A and .UXins on the 
el0ft9atiOft of Jack sboots frail the shoot !>I'oliferetlon 
_dlua 

30. Bffect of auxins on the J.a Y"G rooting of Jack 
IIhoot cultures fl'Olll y<;,rious ave groups 

31. affect of )IS lnoI'CJ8ftic salte. !is organic growth 
factors, 5ucroee and a .. r on the .la xitro rootillC) of 
jack eboot cultures 

32.. Influence of potting _txturaa, humidity .. intenaace 
method •• a98 of tbe plantlets, light intensity OM week 
prior to plantiag oat and 9rowth substance s~ay. on 
the suni •• l of tM plant lets , after plantill9 out 

33. Bffect of nu.trie. atarter 801utions on tbe growth of 
the plantlets, planted out 

34. Bffect of SA Oft the .lD yitro IBUltlplicat101l rate and 
V.rowtb of Jack shoots of different a.e 9COupa 

35. Bconomc8 of product!Oft of Jack plantlets tbroU;h 
1D yitro culture 

36. 8ffect of rliff81"8l1t treat_Dte on the 8urYiyal a"" 
Vrowth of .. s.en4a shoot apex cult \ll'e8 (.1a enhanced 
release of axillary buds) 

37. Effect of different treatments on the PrOduction aDC! 
9I'owth of calli frOlil shoot apex, OfIary vall stlCJlDent 
and leaf '89Mnt cultur .. of au .. enCl. (w.r.t. saaatic 
orv.n0ge_s1.) 

38. Bffect of different tnataleats On tbe induction of 
sClUtic ent)J::'yo148 (calla induct 1 on) !rca shoot apex 
.na le.f .eg_at culture. of 18ussaenc1a 

39. affect of combinat10ns of SA and kinetin on multiple 
shoot form&ticz frca ...... nda shoot epic .. 

40. Multiplication rate per explant of mus •• end. on 
aUbculturift9 at 4-we.k 1nterYal 

41. Bffect of 1AA and ~ on multiple shoot formatioD 
fro. ... Henda sboot apic .. 



42. &ffect of aaenine eulphate on 1BU1tiple sboot 
formation from rauss.eDla shoot apic •• 

43. Bffect of MS iD01'9ania .alts ana 8ucro.e on Blltiple 
sboot farNation fraa .us.aena. shoot apic.s 

44. affect of Ander80n'. _diUID on multiple .hoot 
foZtlation fra. .. 8tsaeDfh shoot apice. 

45. &ffeet of eOilbinatione of 8A and kin.tin, and SA ana 
RAA on .a.atic or98ft0geneals (shoot differentiation) 
frca tbe calli of ase •• enda 

46. Bffeat of cOJllbinatione of aA aDd kin.till, .na 8AA .nd 
BA on sa.atic organog.ne.is (root differ.ntiation) 
frca tbe c.lli of maa ... nda 

47. affect of cOilbinationa of kinetiD aDd BAr. Oft .OIIat1c 
ellbryoid formation frca tbe celli of ...... n4a 

48. affect of cOlllbiutioD8 of JIAA and IDA on tbe J.a p.'ro 
rootinq of ausaenda shoot culture. 

49. Effect of MS ineroanic .. It., .ucro.e and a.r Oil tbe 
iD xitca rootinQ of mus •• enla sboot eultu~a 

50. Sffect of Anc3erson'. cootil\9 ..... i_ Oft tbe ill yl," 
rooting of _s"aenaa .hoot cultuns 

51. Eff.ct of d iff.rent treat_Dts Oft the .\U"Yi.al .fte! 
fjrowtb of bre.dfruit .hoOt cult .... (.1a eDbaneetJ 
r.l •••• of axillary buda) 

52. Sffect of diff.rent tr.at_ate Oft tbe pr05uction .Dd 
growth of calli frca .hoot apex .1\4 7OU119 inflorescence 
culture. of br.adfruit (v.r.t. 8caatic oq8ftog'eft •• is) 

53. affect of different treatments on the produetioft aDlll 
growth of calli from shoot apex ana nodal .... nt 
cultur •• of pepoer (v.r.t. sa.atic or:vanCMJe .. s1a) 

54. Bffect of COIIbinatioM of 1IAA and leiDetift on shOOt/root 
differentiatiOD frOll the calli frOID .bOot aptc .. ani 
nocSal 8ega.nt. of pepp.r 

15. Bffect of diff.rent treata.Dts on the .UC"Yi .... l aD! 
growth of shoot cultune alld the ?roduct10n aDd povth 
of callus froa shoot apex culture. Of nutme<J 



LIft • PLM.'. 

,.ltle 

1. Jack shoot apex fr .. fresh st. sprout (SOllrce. 
fl .... year old tree) in tbe estebli.hIIe~ ..ai .. 

2. Jack shoot apex Irca fresh st_ sprout (aource • 
fl .... yeer old tn.) after six .. eb in the eetabli.h­
_at ~1_, sbov1n9 UDfwling of lea •• s 

J. Jack shoOt apex froID fr.sh st .. sprout (80urce' 
five year old tree) sbovin; culture establlshment 

" • Jack shoot apex fr. fresh st.. sprout (souroe. fl .. 
year 014 tne) in tbe proliferation -.di .. 

5. callu production frca jec:1t shoot apex culture 
(source. fl •• year old tr .. ' on lIS .,.,iwa + ld.netlD 
1.0 ppa + BAA 2.0 ppa 

6. callu proc!uc:tiOll f~ 'fO\UIG inflorescence explant 
of jack (source. t.a year old tne) on MS ....,i_ + 
2,4-D 0.1 .~ + klaetin 1.0 ppa 

7. Production of hlqhly __ pns.ect shOOts fr_ jack 
shoot apex (sourc •• fi •• year old tne) culturec1 on 
MS INdia. containlng hip l_al of c:ytoldnin 

8. Production of fairly .loftCiJated 8l1tiple shoots fr. 
jack shoot apex (source' five year 014 tree' cult"rea 
on ItS ..aiua + SA 5.0 PPD + IIAA 0.2 ppa 

9. PJ:oduc:tioa of fa1rly elonpted aultiple shoots froll 
jack shoot apex (sourc •• fi". year old tree' on MS 
...,iwa + SA 5.0 Pl'D + DA 0.1 ppa 

10. Multiple shOOt productiOD frat Jack shoot apex 
<soure., five ye.r old tr .. ' after serlal subc:ul­
turiDIJ for taD tiMS Oft the BRt 

11. BlODgeti_ of Jack shoot OD transfer to MS 1184i .. + 
SA 2.0 ppa + M.A 0.2 ppm, froaa the B_ 

IZ. _longatioD of Jack shoot on transfer to .. lledl_ + 
SA 2.0 ppa + BAA. 0.2 ppa, froa t'he .PM 
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1a Xltro &'Oft'" of jack aboot .pex cult ... 
ljOUI'C8' flYe ,.. ... 14 Jack tne) lD -1/2 .. + 
lBA 2.0 ~ • ~ 2.0 ppa fo .. alx •• ,. aad tbeD 
1/2 lIS vithoat growth s •• tanc •• -

16. ca11 .. alD9 at tbe eft elld of ,boot, pncedlDg tbe a xun rootiDg of Jack sboot culture 

15. 811911t ca11 ... 1Dg, Clbs.l"f'ed at the cut elMS of shoot, 
pncediag the J.a ."0 notiD9 of Jack shOot culture 

16. '1'hne-... k old Jack pleatl.t showlD9 thick, d .. p 
yellow root-

17. Jack p1.atlet, Juat afte .. root laltlatlon 

18. IUcro.cope co._ f. _intailllng the relati.e laualdity 
at the required 1 ••• 1 (90-10«*) 

19. Jack p1antl.t in pot plaOld ln petl"lplat.a contalniDl 
wat ... aDd coy.net wlth glass baa_I" 

20. Jack pl.atlets, three .oBba aft ... tranafer to 
Gralnary potting ",i_ 

21. Jack p1aatlet, tbr .... the aft ... tnnsfer to ordinary 
pot t lnq aed i\lll 

22. Multipl. s~ production Is-- jack e~ apex 
(source. Eix w •• k 014 • ..alillQ) Oft MS _diu. + SA 
10.0 ppa + BAA 0.2 ppa 

23. 1a .",. rootlav of Jack sboot apex culture <aource • 
• 1x,...llOath old Jack 9l"&ft) in -1/2 MS, + lIlA 2.0 ps- + 
11M 2.0 PPI for: slx "aye .IKJ t.haD 1/2 lIS wlthout 
qJ:'OWtb SubSt6nceS-

24. Netllph ••• plat. of a _11 fro. t_ root tip .quaah 
of Jack plaatl.t, .h,,,d ... a chl"c._oaae n1aber of 
2n • 56 

25. Metaphas. plat. of a _11 fl'Cll the root tip eq.sh 
of Jeck .eed 11ng , showl.. a chrolaoao.e II\Wber of 
2n • 56 

26. c.s. of leaf PJ:'Oduce4 by Jack plantlet, shoving thill 
cutlc1. 

21. C.S.of l •• f prochlce4 bf Jack • ..,11n9, showing no~l 
c:ut1al. 



21. c.s. of le.f produced by Jack plantlet .ft.r 
est.bll.hln; outslde. showlng noraal cuticle 

29. Mu .... ad. shoot apex .ft.r tvo .. lea in the .ste­
bllelDent -.dl_ CMs + SA 0.5 Pili ... klnetla 0.5 Pili) 

30. Mu ••• ada shoot apex after thn. veeu in the 
.stabl1.bBent ..al .. 

31. C.ll .. productloft froa ..... na •• boot .pex culture 
on MS -.diu. + kinetin 1.0 PPB ... RAA 2.0 ppa 

32. Call_ productlOD froll wary vall • ___ nt culture 
of ...... ada on MS -.diu. + kinetln 1.0 ppm + 
IIAA 2.0 Pia 

33. Multipl. shoot production frca ....... DIS •• hoot .pex 
cultun Oft .. ",1_ + BA 0.5 ppa + ld.aetln 0.5 .". 

34. Whlt./cr •• callus produced frOID aus .. aaa .hoot 
a pes cult ure 

35. Merlste_tic protUberences 1n the _11_ f..-
lIWIa •• nde sboot apex cult ... on .. + BA 0.5 Pili + 
kin.tin 0.5 ~, 10 days after culture 

16. Shoot diff.rentiation ln the callus of ...... DlSa on 
MS aediwa+BA 0.5 ppa ... k1netin 0.1 Pr-

37. a~ differ.ntiation In the c.llu. of .u.saenaa on 
IE meC!ia ... lUnetin 2.0 Pia ... BAA 8.0 Pili 

lS. aoot differ.ntiation 1n the eall_ of .u. •• ena. Oft 
)IS _edtum ... klDetin 2.0 ppa ... 1QA 8.0 Pili 

39. Dev.lopment of globular atC1lCture. ( ... tic 
eabryo1ds~) in the callus of ...... nd. transferred 
frCllll the 1Deluctton .adl. to .. + M 0.5 Pili ... 
ldn~t in 0.5 PIWl 

40. 81aultaaeolls c!evelopaant of tiny .hoots ·.1Id tufts 
of snow white roots fro. the VlObular .t.uet~. 
(8~tlc elRbryolda7) .merQe4 f.-ell tbe cell .. of 
a .. s •• Dda transferred frcaa the lDa\tGtlOll ..,1_ to 
MS + &A 0.5 pp. + kln~tln 0.5 ppa 
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41. s.hoot apex cultar. of breadfruit (source. ten­
year 01" tree) ahowl., browning Clue to polypbellOl 
oxidation 

42. s.hoot: apex cult •• of b.: .. dfruit (source' ten-
y_r 01" tn.) 1ft t _ •• t&bll.~nt ...., iwa (16 + SA 
1QoO p.- + GA 1.0 ~ + aatlyat_ charcoal 1.0'U 
after rePeatea labaulturlag 

"J. callus productioa frca JO\Ul9 inflorescence explant 
of breadfruit (sour_. teD-year old tr .. ) on MS 
-.diu. + 2,4~ 1.0 ppa + kinetln 1.0 ppa 

44. RcXJal seQlleDt culture of pepper affected by bacterial 
contaJBiaatlon 

45. Root differentiation in the cellus of nocJal explant 
culture of pePPer (aource. three-year old y1ne) OD 
lIS Mdlwa + lVtA 2.0 .,.. 
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2. 

3. 

4. 
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:tit 1. 

III ,ltco cloaift9 proceaur. a40pt.4 

callus pz-oductloa by explant. froaa dlfferent 
plant pert. of jack at the b.et treatment. 
identlfled 

Perfor_ne. of jack shoot explantll froa 
dlfferent aourc.a at the beat treat_nts 
lcJentlfiec! 

Calla production by _plants froa diff.reDt 
plant parta of ...... Dda at the b •• t 
treatm.nts le1.Ml1l .. 





Veoetati •• propa9atloD ••• ure. geDetic uniforalty 

aaoag the prove.y and 18 PlNf.n'ttd to •• ed prOpa9a tion for 

the aultiplicatian of batel"Osygoua genotypes baving .uperl~ 

tralt.. • •• ertbele •• , a __ r of tbe iaportaDt horticultural 

crops of Iterala, 1ft .plt. of belll9 cro •• pollinated, are 

propaqated throUVh •• .as. lletb.04. of .8getati •• nrol;l8gatioll 

lilte air lay.rino, rOOi:in9 of cutti,,8, b1a44iD9 and grafting 

are po •• ible in ... eral .peci .. , but are qenerelly CUllbers .. 

and 40 not ba •• c~rcial feasibillty, except In tbe ca.e of 

crope like cashew, jack, -DlJo ant! pepPer. 

-rhen baa b_ft all 1 ...... ing i~.rest in recent 

years 1I'l tlw appltcatlon of t18._ culture techniques a. aft 

alt.rnativ. -.an. of a •• xual propagatlon of econam1aally 

iaportilat plaats. "be exploitatlon of the concept of 

totlpoteaay (.1IIge.ted by Bat»erlalM!!t, 1902) has .... o;r ••• ect 

frOil a future po8.iblllty to a rapidly .x .. DtJlllCJ nallty a. 

1 ... ldent froa the nualJer of SPeCie. now belnq _ucc ... tully 

propaqcted through tlssue culture • 

.... n in ca... where co .... nt 1 one 1 ... thOl.'Je of 

veg.tatlv. ~ope9&tlOft have reached ca.merclal acceptability, 

tl.sue cultUre tecbDiquea ba •• b .. n .hown to hav. deflnlte 

attYllntag •• as they .IlIIUn an .xt~ly rap1d rate of 



.ultlpllcatioa which 18 DOt .... on-dePen~.nt and requlr. 

oBly a limited q_ntlty of plant tiesue a. the initial explant. 

"lssu8 cu.lture techaiq •• 8180 can alet In the production of 

dl ....... fr •• ?leants and 1. the cryo~ ••• "atlOft of 9.11DP1 •••• 

~I •• ue cultu~ .. alated venetlc ~lflc.t10ns .erYe a. 

caapl_entGry to the aOll'lentlonal paM breeding .. t~. to 

a gr-aet extent. 

Noet of the epeei .. thiit ere currently bela; 

prOPllqateC! thro\v .. h tie ••• cultare an barbaceou horticulturel 

croP'!. The ctamerclal _"option of raicro-proP8qation, ttf!'08cially 

ln VOOl!ly per.aniels, d •• Dds to a 181'98 extent on eolvlnv the 

prObl ... reletee to cultu~ •• tabliebMent, pOlynhenol QX1d.tl~n, 

Influence of the pby~lolOQIc:el a.e of the eXDlant, .,st_c 

pre •• nce of oetb0gena, and plaDt1Dq out. [,01\9 term • .,.l_tioD 

of the field pel'fOt'l8aDCe of ... ti ..... cultured plante i • 

• 1ao required. 

Att_pt. for .tanS.rdls1ft~ tissue culture Proce<'ur .. 

ba.,. not beeD _d. for IIOst of the 1l1lportant hortlcultUl"iIll 

croP8 of Kerala. !'ba pre •• n. 1DYestigetlon8, therefore, a1aed 

at standardising ti.sue culture technique. In soma of thee. 

crope, Mael." Jack, au •• encJe, breadfruit, pepper .... 

D.~. Detailed lrw .. t1qilt10ft1J were ~. for sten4.~1.1D9 



the tec:hniqu.. for Jack 'MSogerpu hlt;HOSbyllus lea.) 

.~ ...... n4a Qt, ... .,.,. tntbcophy1U Schwa. Ir ThoM.). 

In the ca •• of breac!fl"\11t CAnoe'", Iltlli. I..), 

3 

pePner (Piper p1gl1ll L.) an~ nutlle9 (M"l,ti_ fraqr.M Boutt.), 

pr.lll11nery studi •• " ... e _d. to uad.r.tc;~ the .ill yitg 

behaviOur of the _pla nt •• 



----~------~-~---- ---



.. JaW • L1'1'8IU4'taII 

The cOilcept 01 totlpoteftcy, vlllela ie lnMr.at lra 

the cell tbeory of SChle14eft (1818) and SChwaM (1819), . 

1. the baele for pl.nt tle •• culture. In 1902, saberl-nat 

s\IIV •• tee! the .. e of embryo s.c f lU1d8 for lnduc~ 

dlv1810u ln v.vetatl" cell. aDd the culture of 180let" 

plant cell., aDd propbe.led that 'artificial e~.· could 

be Vl'OWn lroaa 1.01ated at .. e plant cell.. Sinc. then, 

pl.at t 1.... cultur. has e.olvec1 •• a powerful r •••• rcb tool 

in fUD4a.ftt.l and applled aspects of AQriculture, lIorticul­

t ure, 'ore.try a lit! drug _adact .. e. 

Wic5e.pr: .. d .ucc ..... with plllnt tie •• culture 

ven reported after tbe dl.eat'ery .f aaxln. aDd cytoJd.al_ 

aDd after tbe ..... letloa by altoo9 aDd IUller (1957) that 

l'8Qea .... tioa of .hoots and roots 1ft cultured cell. could be 

_alpalatec1 simply by .. ~1ag the proportion. of the •• 

9rowth eubataracee i8 the a\lt .. l •• ...,1. (Mare.hive. 1982). 

!''be pio ... rirag .xpert.ea.t8 .f White (193", 1939), Gaut_r.t 

(1918), .obecourt (1919), ae1 .. n (1958), Stevel"\! .d. Al. 

(1958) .ad 110 ... 1 (1960) 8n often cited aa the la..s-.. b 

18 tbe d_.loptllltntal ... of plant tia.ue cultun. 

In tbe •• rly .xperl_ate Oft plarat tl ... cultur •• 

the baslc autrient ..s18 1Mr. often .upp~nt~ vlth 



o_pl •• _atun. of _'tval .. igia (COCOIrll't atilt, ,...t 
.xtract, fnit. Juice .'tc.) in ort!er to obtain Opt: ilia 1 

growth and 'to iaduat oreJallOVeneaie (Stevart1 .. 11., 1958, 

Siid.bra Ddt, 1963, Va.l1 ana B1ldebra nc!t , 1966, BlIt_Jro, 

1961, Str .. t, 19'9). Most of tbe .. -.di. v.r_ Mdlflc:etiou 

of the fonmiatlona used by 1thlt. (1932, 19'9), Gaut:heret 

(1939) aDd B1idebrandt G. 1.1.. (194'). Tbe fir.t -Jor 

c_plat.ly deflned nutrient -.dl_ wa. d..,.loJ)ed by 

Mvaahlge aDd S'kooQ (1962). Moat of tbe nutrleDt 1Iel!1a IlOV 

beiD9 u.ed for ti •• ue cult._ are cbe.ically defiDeC! all4 

can be ... 11'1 ae!apted to .. rlca. ue. aDd De". by sliVht 

lIO<!iflc:aticma (Vaail aDd •• al1, 1980). 

S ... rel aspects of tls •• aulture are CU'r.ntly 

belD9 apDliee! to Agrlculture. By far, tbe .at ce..rclal 

appiicatioa of ti.au. cultur. t.chrli ..... ba. be.n ln tl8 

pr0c5uC!'tloD of clemal plant. at a .ery rapid rate COlIlpared 

to the COlIYeatioaal _thod.. Such plants are reported to 

grow fan.r aDC3 to _tur. earli.r tMn seed proPilgate4 

plant. (va.il and Va.l1, 1980). 

AccorcU.ng to Mareahig. (1974) there ar. three 

possibl. r~.s available for 1& vltro proPBgul. 

_ltlpl1ca'tion. (a) .nbIlnoed 1'.1 .... of axillary 1':nuta, 

(b) productioD of .a._tltl_a shoots through orCjJ8D09 ... a:la 

aDd (c) s08tlc .mbJ:YOCjJ .... l.. callua mediated a .. tlo 



Ol'9anovenesis i. not I'8coa1Dende4 for C10Ml propagatiolU 

but _y be ideal for recOYery of useful variant lines. 

(; 

In s~ tip culture, venetlc unlfo~ty is favoured. 

S-.t1c ~0ge .. sis i. lllllted to a fev sllltcle. but 

result!; in the IIOst rapid aode of plant regeneration Ca .. n. 

~., 1981). 

Currently, 1Il .,ltD clo_l propagation proc:etlure. 

ba.e been stan<3ardised for a nUliber of iaportant plant 

species. beallent r .. i ... s on the subject bay. been .. de 

by Mur.sbiqa (1974, 191.), V •• ll and Vaail (1980), au antt 

Wanv (1981), St,.r and Chi. (1983) and Sharp.G. 1.1. (1984). 

'l'he orchid ind.stry now relies al_et exclusively on tissUe 

culture to prOPll9ate orchids tbat ara difficult to breed • 

.,he 9r .. te.t SUcceS8 .s1119 this technique bas bean ach1 .. 4tC1 

1n herbaceous borticult1lr&1 spec1a. (IIu and Wara;, 1983). 

Coaapered to herbaceous plants, the I8icroproPllgation of 

woody specie. lavs behln4. Woody or tne specle. of 

anl/l1ospel1U and 9,.a08PerIU bay. proved to be rather difficult 

to culture and r8generat.. Success in obtalninQ v1abl. 

plantlets f~ _ture tn .. bas be.n more recent (80D98, 1982). 

All spee1 •• in whicb 01'98ftC1gel'l88ls aD!! plaat 

for.at1OD can be achi_ad .iD y1tEo _,. not be suitable for 

larva .cale clOl'lal propaVation (Vasil aDd Vasil, 1980). 
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ror sOll8 .PeCi •• the proc ••• i. too expensive, the r.te 

of IDUltiplicet10n slow alld the IIOrta11ty of plants .t the 

t1_ of th.ir transfer to soil high. Genet1c variation 

_y .... ti __ taa place 1ft tbe c10Dal population of plants 

IUS a result of aneuploid,. .nd polyploitly introd~ during 

cell proliferation 1D yitCO (Mara. hive , 1974). 

Rot InCh .tt.apt. 'ba.. been _d. on the .iD yUn 

pr0p89ation of jack, ...... nd., breadfruit, pepoer .Dd 

nut.,. Witb. few _ceptioD8, the ti.sue culture prOCethll" •• 

for tree. and wo04y plants are s1ll1lar to tho.e for other 

planta. Benc., the p&" ••• &t .... i_ deals with other crope 

to co.er .ariou asPeCts of iD Xi," propagation, facton 

influencing succ.s. of Jaa ,!itCP propa9ation, ill y"" 
rootiD9, c:ytolo;y and IIOrphOlogy of reo.nerated plaDtl.ts 

.nd. the planting out of tbe plantlet •• 

I. Routes of J.a !&,g prOpa9ation 

A. BDbanced r.lease of .xilla..,. 1»114. 

Morel U 960) va. the pioneer in applying shoot 

tip culture as a tool for clonal .. ultiplic:etion. In 

addition, he could standanti.e a procedure to nntter the 

orchid, CyIIbidip free of .iru. Since then, J.D !it,o 

clonal 1BU1tiplication ,a1DeC1 __ \D. The 9r .. t •• t .ucc ... 

WliDe) thi. t.chniqu. he. been achie." in herbace0U8 
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horticultural species. ft1. succ .. s haa baeD {)artia11y 

due to the weak apical dCld.a .. aDd stZ'Oll9 root N9t ... ting 

capacity of -1lY herbaceou plaats (au and wazag, 1983) • 

• loDOD all4 'l'h1Iaaftll (1958) disocwenttIJ that 

Cyt01d.D1DS could relea.. tbe lateral bud. froll apical 

dca1aallCe. In tbe pn..... of a eytold.nln, the aorant l:Rlc1a 

of a vevlltatiYe apex are st1aulatec1 to qrow -DC! to eloft98te, 

a. an tho .. t'bat f .. o. the.., axia. Thia fiD4ift9 •• 

e.f.«*i .. ly utilised for la .. e aeal. clo ... 1 propagatiCD tn 

atrawbeny by Bona (197.). ftia work "aa a .1ptftaaDt 

contrib1l1::ton for t. d ... lo~at of tbe •• t widely UM4 

tt ••• oulture proc.!ve for oloDal propaption of pleat. 

(lIaa.e,.. , 1980). 

'!'here aft only Prel11dnery "POrts Oft the apo1t­

eetloo of aboot tip cult ... 'OJ:' the a1Ctropro~gatloD of 

jack <sSAM .... het • .,.l"a Laa.). "0 d. al. (1981 b) 

aM Dorena.,. (1983) .. re .ace •• fal ift tndllC1nq _lttple 

ahoots fro- tbe shoot tips 01. _ture jack tr ... wbeD 

cultured on MS ..,1_ .,,~nted with a cyto1d.nln aDel 

aft aut. CBA 30.0 ppa + 1M. 0.5 to 5.0 PI»a or 2 1. 30.0 Pt3IB .. 

IIAA 1.0 ..-). Ollly ebBace notill9 of ehoot. occunect in 

their atteJal)ts to iDdace J.a TUn rooting, 'UtJl9 -.4t_ 

cOIlteiUD9 IBA and lfM. (0.1, 0.1, 1.0, 5.0 and 10.0 PIlI). 
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Yie aDd L1&w (1977) e.tabli.hetI papa,.. 

.... 11.g .hoot tlpe Ja Usa aac!l Clbtaine4 p:-olUerati .. 

growth OD. .. Md1,. coatei.iav O.).AaJI VtA aDd either 23,&U1 

klaeti. or 2.2-4.4,.. ItA. Lit. and COIl""er (1977, 197.) 

4 .. eloped a procea"e for establi. __ t aDlS culture of aci." 

.hoot t1ps f~ field 9J"OW., _t .. papaya. a,boot ttpe were 

cultured 0. e.tab1l.~at .edl .. coasl.ting of Ma basal -.di .. 

"ith 87.6 .. sueroae, '7" Ili_ti. and 10.8,... lIMo. a.lal'9tM1 

exp18at. "ere s\lllcnaltured after two to three IIOIltba OIl .boot 

prollferatioa .adi. (Na ..si_ "U:h 2.2,G11 .,.. aD!! 0.1',6M 

tv.A) • ..tabll .... nt ti_ aDd rate of proliferatiaa were both 

dependent OIl tbe age of the neek pleat., the t~ of t_ 

year, tbe .ex type aD4 tbe p&"e.enC8 of bacterial/Yinl 

contamlnaat. (Lita aD! COIlOger, 1981). The ata_irate plants 

responded .ore rapidly thaa the pistillate planta. bplaat. 

frca stock plants dun., aoti.e perlo.! of growth r .. POIl4ed 

the beet. !'he rate of proliferation va. obserYe(! to be •• yell 

to eight fo14 bet" .. n the sUbculture.. '.rbe ability of the 

culture. to .. intain proliferation was lost after eight to 

thirteen subcultur.s • .Pandey aD! Rajeevan (1983) obtai.ed 

prolifically CJrowift9 sboot culture. when the shoot apices of 

papaya seedliDQ's of the .. rieti.s Raachi Selection 1-'11) aDc1 
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COOI'9 BODeY DtIW. cult v_ on lIS !Mdl_ supplied with MA 

5;CIM aDC! 'kill8tlD IO~ t •• tabli.blleDt 8Mldi.)were tranaf .... red 

aft.r a tMriot! of tu .. _ntba to tbe ea. basic ..,i .. 

with MAA 0.5 IlIA aDd '8AP 2.1~ (proliferatioD ..,t.). 
The estebliallleDt perlOd could be reduced to two w .. u when 

the ld.netln 1 .... 1 •• doubl.d in the •• tabl1sblaent _dt •• 

ala aDf5 sbll (1972) .... ported the J.D J:itr9 fomatton 

of .".eDtitlo_ b~. in be ..... aboot apex following d.aaplta-

tlon. .erg and Buata .. Dt. (197.) cou~ r.COYer only •• iagle 

plant per _cised shoot apea wbile att .. 'Pt.lIl9 the .iaro­

propafJatloll of be_.. The applioability of the .xc1 • ., 

shoot tIp cultUl'e tecbftlq_ to a a .... r of I:NaDana elODes va • 

•• " •• w.ed by". G_n .u..I1. (1976). KrUcorian • ..., Croaaaer 

(19&&) could tDl!Sace ."ltipl. shoots by r.l .. sll1Q tto~nt 

bat!. at the leaf ba.... Suboulturlll9 coulc5 b. carried out 

freNa the proll1eratiD9 ••• of aboot.. ....otocorsa-1U. bodl.­

were fOdied at the 1WW1y lo.ra .. shoot ba ••• wbleh. in turD, 

produced _lt1pl. shoote. .Janet.so 1.1. (1985) 1a1t1ated 

shoOt tip cultur.s of two 010._ of ___ (saba • .., 

"llplta) on a .adif184 N8 -.diua auppl ... nted with 1 -all 

8A and 1 lllil/l JAA. Propava tloa cultur •• were 11'11tlated by 

epllttlav shoot tlpe along their loovltudlnal axle ana 

.... culturlD9 tbe ll1dlyloul J?l ... OD ba •• l _dl_ supple_llted 

with I .vl BA. 
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Bnbaac" I'elea.. of axillary baa. fl'Ola the shoot 

apices of cal'l'i_ citl' .... ,... inOu,*, by It1tto .nd Youag 

(1981) ueino a .. ai .. consisting of Kaop's .. ero autl'ieats 

aDd orvan1e Ql'owth fact.s aDd MS mero nutrients, 

8uppl_nted with 1.0 IIq/l u... &arlae. and Skene (1982) 

ob.an" that tbe opti.- CODCentration of SA was 10 111/1 

to indUCe _ltiple ehoot foraation fraaa the _pl ••• of 

variou8 Ci',gl spp~ and hybrids. 

Initial .tta.pta on IlicroproPllQatioft of pineapple 

(.bu.s G.OJIRIp) were _de by LabbIBi Sit. d. Al. (1974), 

Teo (1974), Pannetier .nd La_ud (1976) a~ Mathew ... Al. 

(1976). ..thews and RaNJan (1979) foW'ld that the baAl 

_diu. of ItS suppl._ated with 1.8 .yl lIM, 2.0 IIIG/l tBI. 

and 2.1 119/1 kinetin ,... suit.ble both for a.tabliet.ent .D! 

proliferation of ahOote:. About 15.'" of the cultures reco~ec1 

• proliferation rate of 4.5 shoots. Dr_ (1981) coUld induce 

30 to 10 au1tiple shoots within a period of one .onth ¥bea 

the axplant WE cultured OIl .. -.di_ containing 2.1 aIlJ/l 

SA and 1.9 119/1 MA. S'boots fro. the proliferatiag cult .... , 

cut longitudiaally to fOU' 8eQllents, could also be reoanerated. 

A 80ge1 _thad for rapid .ultiplicetion of 9rapes 

(!it,. yiplfeEl) inYolv1ng the induction of advent1 •• bad. 

froa fra~Dted apical _riat .. explants was described by 

8&rla.s and Sune (lS78). In. per106 of two weeka, four 
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fold 1'I"011f.rat10D of 8boota oc:ourred at the basal aDd of 

the leaf 11lt. structur.s or191natlnq fl'OJll the aplca 1 

frav-nts. The c~eel aD4 physlcel PIlr_t.r .. for shoot 

product1on hay. been reY1_ect and optla1ze4 for .... ral 

cultlY8r8 and sPeCl •• (KAl an'" Mowbray, 1984). Rodal .x~l.nt. 

of grapes were alao .. ed for 1& X'~12 aultlpl. shoot produ­

ctlOft (Mul11ne ~ 11., 1979). 

Pro1lferetlon of apol. shoots lA tAtro, followed 

by rootin9 of th ••• sbootEl, va_ ace_p1iebed by Abbott _114 

Whltel.y (1976). Mariet. tlps .... r. excl •• d fl'OlR ... dliftljJ­

and adult-phes. tr ••• of Cox'_ Or-n;a Pippin and culture(! OD 

ItS .adl_ with s1apl1fle4 orvaD1c constltuents, no auln, 

and 0.5 - '.6,* 1tinetin. IIo8t of tlw sUbsequent work with 

apple .... d U. •• the crtoltiaiD (zt.neJ:'IMn, 1984). .lone. 

(1976) r.ported the strl1t11M) .ff.ct of phloridsln ... 

phlorogluciaol Oft proliferatlO1l of 11.7 .net M.21 rootstock 

shoots. Shoot proliferation occurred on • mcdlfle4 NS ~1 .. 

containing BA and IAA, addltlon of phlori~sin or ~loroqluc1aol 

1nc.:ea.eC! the nUllber, l.aqth and w.ight of shoot., whereas 

.1illlnation of 1M Etopped prollferation. An 11 ][1t£O 

_yet. baYing the potential of prcKIucing 60000 .hoot. in 

ei;ht IIOnths fro. a silli1e .hoot apex of M.26 apple rootstock 

"a. proposed by Jones a1 al. (1971). Sabsequeat r .... rch 

e.tan4ed the t.chnique to nu.eroWl other rootstock aD! .ciOll 
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culti.ars (JaJBes a .. nvbon, 1981, Werner and Bee, 1980, 

Bortoll and Boe, 1982, a_EMil, 19M). Snir ane! Bres (1980) 

foUlld ftO response to phloroglucinol In their cultuns. 

~e moet effective cytokinin in sti.ulating shoot prolifera­

tion in apple Qultl •• rs was found to be BA, the l •• st 

effective balD; 2 iP. Kinetin wes found to be inteJ:8led1&t. 

1n ita .ffectiv.n.... ~er, the effect of the.e on shoot 

.10Djlation was in the ~er.e order (Lundergan and J.nlck, 

1980). '1'he shoots pl"Oduced at the moat effectl.e cOl'lC8ntretiona 

of bit. (13.2-22.2,6N) far prolifention "ere fouDtl to be 

stunted. Wor_l growtb could _ obtained by transferrlftQ the 

cultur •• to JMd:hun containing ... .&,,(aN .BA and .&.91M IBA. 

ADderson (1980) perfected tl.sue culture propa •• tloft 

procedure for rh0c5odenc!rOD. .. observed that the explant. 

did not re.pond to tbeir .. xi ... pOtential when grown on 

MS ..ai_. They were appar •• tly affected by vener.l .alt 

toxicity •• ehown by fol18ge chloroeis .nd browalao of the .t.... ADderson foana It nec .... ry to modify the M& fOrBlula 

by reducin9 the • ...,n1_ ftitrat. and pota.siu. nitrate to 

approxt.Btely 1/4 streD9th aDd by .4diDIJ twice the streravtb 

of ferroue .ult'bat. and 1182 amA. 'l'bese cbanve. drallBtloally 

laprowe4 the propagule .ultlplieetlon and culture healtb. 

The fU.t report on rapid clonal .ultlplicati~ 

of peae9route(bnic;e au",.) froa _ture tr ... by ti •• ue 
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culture was _d. by Gapta G. &1. U 981) • III another study 

by Nasc.reaMe ... 11. (1911) on two ".rl.ti.. (G.Deeh.Dd 

Ma.cat.) of _tur .... 91' •• t. tre •• , aulttple shoot foratlon 

w •• obtalned on .. -.41_ coat. lung 100 111/1 caNtn 

h!,!roly •• te, 0.1 l1li/1 1t1aetin .DC! 1.0 aag/l B.A. 1IoweY.r, 

eloftlJatloa of shoot. did not t.ke place en thl. _"iUll. 

'1'1:8_fer to • _di_ with lower cae.ln hydrolysate <100 mv/U 

wlth .... concentration. of cytokintns brought .bout .longation. 

Under the •• conditlons, the 1 ..... turned bright qreen .DC! 

tbe .hoots elongated. 

'I'he pioneer work Oft tbe .ppllcation of .ill ylto 

techniqu.. Oft coffee <Go" ... epp.) va. pub1iahed by 

Stariteky (1910). Bow .. er, the first report on enhanced 

1'.1.... of .xill.ry butS. w.e ad. by Cust.r 6. Al. _ly in 

1910. Wben Dodal explant. of ... ptlcall,. grown 3-laOftth 014 

Coif. ,'.ltl. plant. wen cultured on MS lleC!i- .upp1e.ated 

with "',.faII BAr. aDd 0.6,4IM 1M, .hoot c5.".lo.,..nt occurred on 

the a".rave of 2.2 per DOd. after two to fl •• w .. b. aU.llilal' 

t.chn1q.e ba". bien uNd by Dub11n (1980) with Agbut. plante. 

Shoot de"e1opaent wa. ab8 ..... In Mdt_ Buppl_ntec! with 

.a1t extract (400 IIG/l) and 8A. (4."/'WI). KartM G 11.. (1981) 

indueet! aultiple ahoots In leol.ted apical _riat ... f~ 

.eedlings of Col'. Inbi • .,.. catvn Rojo and catui, 

cultured on MS -..diu. c:oatalnlq 5.G-10.0 ft* 8A ..... ttn 

and 1.0ftdl RM. 
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Multlpl, shoot f __ t1oa w. reported by Radgaa4a 

ti. ll. (1983) fro. i.D y1tro CJZ'OWft carda.CD (Il."rla 

.rd'",) sboot tipa. YCNa9 .proutec1 bud. vert excised aD4 

cultur~ on IE _4i_ ."ppl_ted wlth 0.5 ";1 &A, 0.5 IIg/l 

ldraetu, 2.0 19/1 JAA. 5 •• eoconut water. 0.1 1IIg/1 calcil&l 

pantothenate an(! 0.1 111/1 Jt1otin. '1'he buds grew to a l,nqth 

of o..r 40 _ in '19ht " .. b. Shoot tlps from ,lonoated bu48 

or rooted pantl,ts, vbea ,:acl.«I alld transferred to the .a • 

...,i., ga"e ri., to .ultlp1, shoots. x.aar G Al. (1985) 

reported the direct fO&'8tion of ahoots from the s.aature 

penicl,. < .... uriD9 0.5 to 1.0 _ after inltiation) of cerc!la.om, 

OIl MS .edi. supple .. ated wlth 0.5 .;/1 11M. 0.5 ";1 kinetin, 

1.0 11;/1 &A, 0.1 IIIJIL _lcl_ .. ntot_nate, 0.1 III!I/l folic 

8cid and 1«* coconut "ater. !'he shoot., when subcultured Oft 

.. lledlua containiDg 2.0 111)/1 IaA Inc! 0.01 110/1 lUn,tin, and 

inaubate~ in dark for 11"e de,.8, formed roots. 

Meriat .. cult ... tecbftlque., as first .pplied to 

e •••• "a UltpiJaot .Iqul •• ,) cultl"er., ,aplOf8d the JotS _d iua 

conta1niDg "ita.ina •• 1n the .5 aedlwa (GaJabOl'g .G. 11., 1968), 

supple .. nted with 11M, BA.Dd GA at 1.0, 0.5 and 0.1.-, 

resPeCtivel,. (Jtartha U. al., 1974). Later, 1t va. ob •• rYed 

that u. _. the cyto'k1llill best aUitea for plant rtgeneration 

1n the pete.enee of lIN\. and GA. anes that GA had a ati_lat inq 

.ffect OIl shoot Growth frca lItriste. cultur.. (!fair At 11., 

1979). The ue of upto O.SIIK ItA pra.oted shoot initiatioD 
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aDd gl'OW'th. I'Urther lncr .... of SA concentration reta~" 

shoot growth, inhibited rooting a~ .timulat~ callus 

for_tion. Addition of IIAA to this _4i\1l8 further ellbanc:ed 

callus qrowth and rootiag in ..... arietie. (Roca, 1984). 

Meriat •• tips cultured in lIS -.dium with 0.05,... IlIA.A and 

incr ••• iDg concentrations of ~ qradually d ... lo~ into 

roaett. culture., with .honened shoots eDd .ny nod •• 

(ClA'l', 1979). '-'ther qrowth of the axillary buds at each DOd. 

occurred when the concentration of M. _e reduced to 0.25,.. 

in the pr ••• nce of 0.1,4M GA ana 0.1,.f111 lIAA :Ln rotat-, l:Lquid 

MS Mdlua. This 9a •• ri •• to .titipl. shoot cultur... It waa 

fO\'lft45 tbat auero •• interacted with 8A. in _riat .. cult.n 

of OIlS"" (CIAT, 1980). At low SA concentratiOD8, shoot 

elOl'l9ation _s practically 40.1ed when eucrOse wae incr ... ., 

frca 0.03 - 0.06,tt1J1. 

Cbaturvedi al Al. (1978) pre •• nted a Preliai1'lllry 

report on the proP8qation of bougain.ill.a (Iegg,igrill" 

ql •• a) by tis.ue c:ultun. Shaaaa Ill. 11. (1981) coule! induce 

a. a.erage of ten shoots froa the ahoot apex of I.a. qHm 

• ... qn1fica· cultured CD a ba.al ~ium 8upole.ntet! with 

0.5 -Vl SA ard 1.5 m;/l 1M • 

. T1 •• ue culture of lyqalYOtul spp. bal been d •• cr:l.bec! 

by Aaeja and Atal (1969), de .oasazd (1978), LakahmlSit. (1979), 



17 

X.bhadSit •• nd Va1d,...tbaa (1979) .M Hartney anc1 

Barker (1980). HoweY .. , 1n .11 the •• studi •• , orqanogeaeeis 

was obtain" only froa J-.D11. seecJllnv ti ..... or .lIbryoa 

.n~ DOt fraa tisf.lues of .. tv. tn... Gupta.G..I1. (1981) 

d •• crlbed for tbe first tiM the proP8vatlO1l of _tur. tn •• 

by ti •• ue cultUl'e. lIultiP1e sboots wen obtalned frGla 

t.rm1na 1 buds of 20 y .. r-old tn.s of IIc:;! 1m I. ci,riod". 

on 16 ~1_ .uppl ..... ted with _lciual pantothenate (0.1 .. /1) 

SA (0.1 IDQ/l) and ki_tin (0.2 11911). Incubation at lSoe 

with continuo,. ill.-inatioft follow .. by growth in .viteted 

liquid culture. va. • ••• nti.l for induciftCJ .hoot d ... lop8tftt 

iD t'he pri_ry terainal bud.. Thes. treatments w.re raot 

nece •• ary in later .Ubcultuce. or with .xplant. fraa aeedllnq8. 

Ira the ••• exPerDent they "e"~ that at the higher 

c::ytokiraln l.y.l. tried the bU&1a turned brown within. ,,_It. 
Gupta .G. u.. (1984) fOl'lBulate4 a practical estl_te of 

proCiuciD9 (WeI" 50,000 plants f~ • single explant in an 

".1" through the eDb.eDcea rele.s. of .xillary buds. 

Mlcropropagatiora of teak (Testoaa qrapd1.) wa_ 

atteapted by Gupta .. al. (1980). They couU indlc. aultlpl. 

sboot fo~tlora fraa .xcl.ed •• e411D9 explant. as "ell a. 

frClal _ai • ., teralDal buda of 100-,...1" 014 trees on MS _dlum 

contain1J19 0.1 119/1 8A and 0.1 IDQIl kiftetin. Bud" .... 1". 

cultured on • prlEry MS -.4i_ (wlthout growth substances but 
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with _ sucrose) for tu.e to four w .. 1ca, after which they 

were transferred to tbe liquid ItS proliferatiDQ lMdiwa with 

continuous a.,itetiOll aad lll_ination (1000 lwd. Shoot. 

obtained on thilS mecU ... wer. exciaed • lid induced to root on 

a low s.lt .. cSilD cofttalnift9 thne auxins. .04el .xplants 

fro- the •• rooted .hoots were .ubcultured on fresh -.di_ 

with 0.5 11;/1 kinetin and 1.0 -Vl BA where they prolUe"ted 

to fora .ulti~l. shoots. 

Vegetative propllqetiOll of .arious palm speci .. 

through tissue cv.lture _thode was att.mpt'!d only t'uring tile 

last aecaa.. Techniqu .. la •• been standardised for oil pala 

(JOB •• , 1914, Corley JI1 &1., 1916, Rabechault aDd Martlll, 

1916), elat. pela ('I'i •• erat, 1979, 198~ and coconut (81a,. 

an4 Be_ne, 1981, aaju Gal. 1984). 'I'he technique d..,.lopee! 

by Jone. (1914) i. beia; uec! on a pilot scale for productiOD 

of oil pilla plantl~ IMterial in Malaysia (Choo.ll.l1.., 1981). 

All the pGblisbed work OD palas showed the initiation ana 

multiplication of eall .. followed by .boot or eIIlbryoid 

retJeneretion or direct eabryoveneaia. While _riat .. 

proli£eretion 18 the pref.~red tecllDique for propagatian of 

aoet plant species, this bas not so fer been proyed po.sible 

with palJu. Blake and &ewe_ (1980) obtained eboot like 

structure., with no intervenlng callus staVe, but the.e 

structure. did not d •• elop into plant leta • segments of 
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C'achi11 •• , when •• ls" aad 9C'0Wft on suitable --'iua, 

aeYeloped shoot like structures baving acti •• growinCJ points 

vhich continued to fol'ta a .erle. of l ... e. or bract. (Blake 

and huvena, 1981). !'he DWDber of sbootlets .... _ incr .. _ed 

when the cultues .... 1'. grown on is liqUid _diua. Additlon 

of coconut water to the lledluaa was beneflclal. when COCOl'lut 

water va. OBltted, it. effect could be replaced by 

5 x 10-'" BA, 2.1 II 10-7• CIA aDd 4-. _ucros.. Growth ln 

the dark vas bett.r than ln the light and a temperatuN of 

30 - 32°C vas opti_l. a.lection of 884iJft1t1nts of the 

racMll.. fro. in! lor.scence. when the outer spathe length 

rang-ad frOJa 30 mm to 80 _ 911.. the lIIaximua nWDb.r of 

shootlets. After thr .. w .. ks, the shootl.ts were placed on 

a root 1nc!1IC1DQ .ctU_ oontll101n9 10-1• to 10-'M JD.A. After 

a further three ".eU, they wen transferred to e low aQXln 

.aiua to encourage the root inltials to grow out. WIlen 

root lnduction oacurred, an oJ:9anised shoot: apex coulc! not 

be _tnt.iMd. S~llDg aplaes were sucC8safully eulture4 

on Y3 lledlma <Seuwena, 1976) by Blake and Beuwens (1981). 

Core. were rellCWed f~ the centre of coconut •• "alinga aD! 

cultured. SOrIMl shoot 91'OVth vall achieved by the ac!dlt1on 

of " low leyel of auxin (10-'.). Much great.,r growth vas 

obta1nec! on addltion of 0.2S actiyated chlllrcoal to the 

_t'U\D when 10-," auxin 98 •• the beat 9rowth. Root .... re 

f ..... d at the ba.e of the shoot. when transferred to • ~1_ 
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contalning 1.5 x 10-'. DA. with charcoal. The plantleta 

could b. fiDally e.ta~li.~ In the loll. 

Ge .. rally, a h19h concentratlon of auxin and a 1_ 

concentration of cytokinin in the ~i_ proaote .bulldaat 

cell proliferation with the fOl'latlon of callus (Skoog and 

Miller, 1957). On the other band, low auxin and high 

cytokinin concentr.tion iD tbe -.di_ rasult in the lnduction 

of .boot IIOrphoQaneais. AaxlD, alone or in COIIIbl_tion with 

a very low concentration of cyto1d.n1n, i. important in the 

induction of root prt.r:c!ia. SClllatic organogeneais ceD be 

direct or callus _diated ( .... D ... 11., 1981) and il u.eful 

in induclnv venetic ~ri.bility or to recover pre-exi.ting 

natural vanetic variability. In either ease, re4)enented 

variants can be used to coaple_nt tha extant variability. 

So.atic .-bryov .... sl1 ... first clearly de.cribed 

ln carrot (aeinert, 1959, Balperin and Whatheral, 1964). 

It is s .. n l~t.d to a few specie., but results iD the ~t 

rapid laOOe of plant r8genentioD (bans a Il.., 1981). 

There ar. two routes to .~tlc ellbryOc;Jenesil, a. de.uibed 

by Sharp G al. (1980). The firat ls the direct .sabry0ge.lis 

vhere e_ryos initlate directly frOID tis •• in the abaance 

of cellul proliff!l"atlon. Tile .eeond i. the indirect 
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embryogenesis where saa. cell proliferation ls required. 

A priJary ~iua with aD auxin source and a .ecOl'ldary 

aediua d.void of gzowth .ubstances, both containing. 

sub.tantial supply of reduced nitrOQen w.s found to b • 

•••• nti.l for inducing .a.atlc embryoids (Aamlrato, 1983). 

aeVi.,.,8 on sOIIIltic 0198nov •••• ls aDd ellbrY0genesie were 

publi.hed by M\1rashlge (1918), Sharp U. Il.. (1979), Vasil 

aDd Vasil (1980) aDd Styre ara4 Ch1n (1983). 

aao I!. 1.1. (1981 b) ob.erved callus production when 

shoot tip explant. fro. mature jack tree. were cultu~ OD 

MS .. cSlwa containing 1M (0.1 ppa) aloM or in cOlllbination 

with SA (2.0 ppm). However the callus failed to differ.n­

tiate into shoot/root. Callusing could be obtained frOIB 

inflorescence primordia also. callus ini!uced froa hypocotyl 

BegIDSME c1ifferentiatec!l into shoot buds wben cultured Oft 

MS aec!iUlll conteining rBA or D.A (l.0 P.pII) and SA (2.0 PPII). 

Callus forftlBtion froaa dlfferent types of papaya 

explants baa been reported by s .. erel workers (De Bruljne 

&1 11., 1914, Yie and Llaw, 1977, Lit. ana CODO¥er, 1981). 

Callus lDd\lction frOID udriboexplants ano vein ti •• ue. 

occurred with 1.3-8.8,61t BA and 2.7-16.2 ~ lIAA (Lit. 

n 11., 1983) while callWl lneh.ctiOD froa l ... ina explaDt. 

required hi9her concentrations of MM (6.5 - 27.0)aN) 

and SA (2.6 - 13.2,6)1). Adventitioue roots vere forae(! fr _ 

_ idrib callu8 of papaya cotyledons Oft MS mediwa with 

0.5 - 81,A1.M lIM a~ 0 - 2.2).aM RA. AdVentitious _eriste. 
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".re fornaet! frOll both laa1 .. aDd aidri}) calla on cultar • 

..elia containing 0 - 1.1,6K I1AA and 0.2 - 4.4,41M SA. PaDlS.,. 

and Raj.evan (198,) C01IW induce goot) oallu •• in9 froll et •• 

s~t. of papaya seec1l1D98 of the v8r1eti •• Ranchi 

Selection 1-45D and COO" lionel' Dew (grown in the s-.r 

JlGntb.) 1n 85 Md1. suppllet1 with lIIlA 25 JIA and k1~in 

10;6ll. Larg. quantity of callus wee proaucel! free the .xplant. 

of the J.a xl-tro formed roots aleo in 85 ~iwa 8u})pl_nt.a 

with BAA 10 - 15,A1JC a~ ldIlet1n 10 ftdC. 6u.~ Teay (1985) 

could induce callue fr~ papaya anthers contaln1Dq .iaro.pores 

1n tetrads to early-b1nucleate sta9s. by culturiag Oft _If­

strength MS ~1ua, with full-.trength of .. 'e BOTA, 

suppl_nted wlth 2.0 ppa MA, 1.0 ppD .I:lA and 6.~ sucros •• 

De Bruijne ... 11. (197.) d •• c:r1bed the fo~t10D 

of ec.at1c .:bryoids fl'. papa,. callu8 der1.ed fraa •• edling 

petiole .ev-nts, follow189 a thr ..... t.g. procedur •• Ti. and 

Lia" (1977) deJlODstratec1 a tvo-st89. procedure for 1nduction 

of sOlllltic ellbryoqene.i. 1n _11 .. of •• edl1 ... stem or1g1n. 

Lit. aa5 ConOf'er (1983) ..... ibe4 the iDduction .nd control 

of higb frequency scaetic eabE'J'OC) ... a1s frOID O'Iular callu •• 

blbryoven1c ovular callus coud be 1nduc .. on lIS 1leC!1ua 

containing 60 g/l 8uor08. and 2.0 ";1 2,4-D. Maturation ana 

g.nal_t10n of th. ellbryoid. occurred in the aba.nce of 

growth .ub.tances. SU and 'I'.a,. (1985) r.portec! the fo,...t1on 
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of haploid plantlets and pelleD-4erlY .. e_&yold8 fl'Oll 

anthers cultured at the uBimtcl .. t. staV. Oft 3.mt. sucro •• -

contaln1ng JE ... 1_ wlthout aD!' growth substance, at low 

light lnt.nalty. 

Grlnblat (1972) uslng Citn, _aurp.i. and 

CbatUn'edl and Mitra (1974) uslng Citn' grand1l obtained 

callus from ste. explaM. ttl_n from young seedllnqs arCNl'l 

under laboratorY conditions. Grlnblat regenerated plante 

fro. _11u8 attached to tbe ori9inal explants while Chet~eCi 

aDd Mitra d ... eloped plantlet. froa sUbcultured callus. 

Plantlet8 were revenerate(t fro- callu., induced fraa juice 

... sicles (Kato, 1910) ena root explants (Sauton t1 Al., 1982) 

of Citl'U spp. Meheaveri aDd aeaga."a., (1958) d .. crib., 

tbe induction of sc:aetlc a_ryes frca polyellbryonic clt~. 

nucellar tlee .. 10 vitro •• allCJan .& &1. (1968) ob.er'f'eCI tbat 

sometic ellbryogenesis could be induced in yitro from tbe 

nucellua of three .onoembryonic Cltey, cultlvors. Plant let 

fo~tlon .,la scaatlc .-b&yoida induced frOJa tbe nuceller 

callus of Cltry! spp. va. a180 repOrtea by Sean (1973), 

ICoch»a G.!l1. (1974) and J_rea .. Al. (1976). 

In _ago ,",.iCeD ipdic:t), Rao n 1.1. (1981) 

reporteCl the induction of callus frOID c~yledon tiasue aD! 

root regeneratlon on MS. -.di_ containing MA (S.O 110/1), 

kinetin (2.5 - 5.0 -all) aDd coconut water (150 all!). 
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callus induction a.cw .... two we.ka .fter inocul.tion. 

Growth... fouDlS to be bett_ in the culture. aintelned ill 

the dark than in thoa. "Dd. ligbt. The callus .s dark 

• nd COIIlpact. Distinct lobe. wer. formed in one-JaOftth 014 

culture.. Root initials developed durin; the second "eek 

anc! they were positiYely v.otropic, .00000000t flat ant! t.pering 

.t the top. Root CApe wen pr •• ent, but root hai .... wer • 

• bsent. Sboot a ••• l .... nt waa not "e"tad. Lit. (19M) 

c1_oastrated the r89.ne .... tlon of .00000tic ellbryo1c1. of 

lIOaoembcyonic -D90 C'Qltl ....... frca naceller explants. Lit. 

(1985) lraC1ucec! larv. nUllb .... of .~tlc embryolda fr. the 

nucell .... explant. of poly.-bryenic _ago cultiva..... In tbe 

aboYe two cas •• of .... tlc .lIbqo;ene81e in _,,0 culti •• ra, 

the nucellar .xplants were first cultured Oft • lIOdifi.a .. 

..ella. suppl ... Dt.eCl with 0.5 - 2.0 -./1, 2,4-1) for tbe 

inchlctloa of .-bry09.n1c cell ... 1Id .-bryoiC!.. They w.r. 

then subculture6 on ... cSiaa without growth revulaton for 

the qeralftBtion of the .-bryoic!e fornaefl. 

In piDNPpl., Mat""8 aDd RaDIan (1979, 1981) 

r.portea shoot for.atlOft fr .... llu ct ••• loped .t the ba •• 

of excis.. 1 .. .,.. and .hOots. In tbe fol!'lle'" study, calla 

Inltlation, followed by shoot bad reg ... r.tion, _. observed 

on lIS .ac1i\8 supplemented with 1.8 PS- aA, 2.0 Pt:W lIlA aaa 

2.2 ppm SA. In the latt.r .t1llSy. c.llus " •• initiated fna 
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i.D yitep growB shoots on'" 11qu1d .. diwa contalning 

5 •• PPil BAA, 5.2 PpII lAA and 2.1 pta klnetin. Shoot 

reveneration could be obt.l~ Oft • nUilber of RIedl. lnc:lucU.nQ 

NS, wlthout growth substanc.s or wlth varlous com:.1Mtlona 

of growth aUbstances. Rao Jl1 11. (1981.) reported .hoot allC5 

root regeneration fra. callus 9roduced from hYbrld .eedllDg8 

grown JJ1 X1t1'0, 

Morel (1945) vas the flrst to r~DOrt on the 

production of cellua fl'OIIl .t .. explants of grape •• Production 

of callus culture. lrOla explant. of stem tissues (Sta~ 

.a1 Al., 1972) and 1mma.ture berd.. (Hawker a !.1." 1973) 

has also been reported. Ilaj.s.kbaran.nd Mullin. (1919) 

proCuced viable somatic eabryos wlth dlploid genome. fro. 

callus. Scaatic ellbryoUs be.e been obtained frCIR UDfertillaed 

ovules (HulliDr; and Sriniva.en, 1916), ial1Bture st_., flower 

clusters and young lea ... (JCrul a~ Worley, 1977) of • 

I1t1, 8pO. hybrid aoo petiole and 1_£ intervelnal explants 

of Vitil .pp. <'ayre, 1911). 

Callus proeuc;:tlon fr_ s •• eral plant parts of apple 

he. been reported (Mu all., 19", Schnelder U. IJ,.., 1918, 

Fukui .11 &1.., 1981). Diff.nntiation of roots and 1 ••••• 

from callus w •• observed Dy JIu G al. (1977). Chen G Al. 

(1979) obtained plantlets rev.nerated froM the callUS of 



explants fro. K.9 rootstoc1ta. callus was induced frca 

ste. segments on MS ..cIl_ COIltaiD1nq 2.2,aM &A, 10.7,... 

lIAA and 100 119/1 ca •• in hydroly .. te. When the o&llu _s 

traneferred to a sialler -.diu. without ~, shoots 

differentiated. Theae shoots were then rooted 1& yitrg 

on a mediua containing~. Differentiation of callus 

(derived froa .eedling tis •••• of Golden Delicious) lnto 

lHvee, shoots and root. _$ reported by Nebra and Sa~ •• a 

(1979) and Llu ~ a!. (1981). 

Rair al al- (1984) succeeded in inducinG ad •• ntit1ous 

bua. fraa exclsed leaf _plant. of custard apple (NmOM. 

'9"'.'! L.) .eedl_ ... ..s1_ contalnlng 0.5 -V1 BA 

and 0.5 -Vl 1d.netin. Various aax1u ln COIIbiftlltion with the 

aboYe ..ctiua produced calluilM) of the exPlant.. Maxi-.­

n\llBber of shoota were obtainet! using the l.af baS8 with 

petiole at a t_perature of 2.,oC and a light intensity of 
\ 

1000 lux. Roots wer. lnitiated erraticelly when indlY1C1ua1 

shoota were treated with an auxln and then transferred to an 

auxln-free meCJiwa. 

The ploDeer work with coffee tissue. was published 

by Starlt.ky (1970) who aucceec!led in inducln; callus frca 

shoot ."plants of Coff. app. Bowe ... , so.atic "'YO. and 

plantlet. were obtainecS only f ... £a. ca.phora. callus 

for_tion and organovene.t. fre- ... rlcua ."plants of CoIf. aw. 
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cultured .ill yitro ••• __ reported by .... ral worker. 

(Sharp" Al., 1913, "'00 at 1.1., 1914, CroCOllC) d. &!., 

1915). Sc.etic ellbryes were obtained It high frequenci •• 

from _tve 1 .. , culture. of CA'f .. Ir,b1ce (Sondahl aDd 

Sharp, 1911). S ... tic ..,r'f09 .... 18 fl'. cotyledonary le .... 

of ~ .rU1C1 tffI. Mundo Novo ,.. d •• cribed by Sondahl a1. u. 
(1985) • 

callus bas been induceQ froa .tem, petiole, leaf 

and root .ections of C8.80.a <aakes al. U., 1914, PrabhUl!e .. i 

and BarayaM_aay, 1915, Paru, 1918, ReY' and Fernande., 1910). 

In g8neral, at •• ections s.~ beat .uited for call .. 

induction (aoca, 1984). Rapid growth of callus wa_ .cbie ... 

with I cGlbination of 5.0 - 13.0,6H 2,4-D and a cytokinin 

• (2.0 - 8.0,Alll). Root fonatiOil in callus culture. wa. 

obtained when )fAA was ued a8 tb8 luxin. Liu ant! Cben (197.) 

observed callus aDd root foraation fra. anthers culture~ on 

lIS _ed1_ 8uppl ... ntet! with 8A and 1a.A.. SGlalt1e e:alblTo. an4 

whole plants ha.e baen re4jl ... z:eted USing cotyledonary 

explants fl'. _ture cesse .... eas (Stanap and Henshaw, 1982). 

'The hiqheat frequeDCY of ellbryo foraation occurred at high 

cODCentratioa .of 2,4-D (20,.., while e.,r10 d4W.lo ..... nt ... 

enhanced at lower concefttretion (0.05.,AIM) and with the 

addition of BA (0.5~). 
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Callue cul~ure. were established fro- t1 .... s of 

coconut (Ape.fttJrut aDS 8lau, 1977, .. wens, 1978, 

I'iaber and "aai, 1978). Bla'" end Rewens (1981) obsen''' 

that develOpMent of coconut callus ..... aependent on the 

addition of actintea charcoal (0.25", to a _diwa wlth a 

bigh le".l of 2,4-P (10-4" to 10-~). Branton and Blake 

(1983) report" succe •• in prOducin; a clonal plantlet frc:. 

root callus cultures. Pannetier antS Buffard-Morel (1981) 

could indUCe sa.atic .. ryos ill the leaf callus. Bow ... r:, 

further c1 .. elopt18nt of ~he ellbryos vas not pOs.ible. RaJu 

~ 11. (198') produced for the first time, clonal plant lets 

tbroQ9h direct scaatic elDbr:J'0gene.i. froaa leaf explant. 

without the intervention of a callus pha.e. Gupta at al. 

(1984) Ob.er~ globular eabrro like structures, far-.a 

directly frOID leaf explants, on T3 _dlU1l\ eappl ... nted wltb 

2,4-D. Monfort (1985) could obtain ellbryolds froa coconut 

Il1crosporee. Tbe tIIIIlbryoUs were formed when tbe ant hers "ere 

cultured for twenty weeks OD .Picare! and de Buyser !Dediu. 

suppl-.nted witb acti".ted charcoal, 'l'IBA and glutaaine. 

II. I'actors influencing sueces. of ~ x,tro propagation 

A. Bxplant 

1. Size 

The 81ze of the _plant detenalnee the survi .. l 

of the culture. When tl .... e: are cut, the cut surfaces turn 
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brown due to the ox1dation of phenola to toxic qu1nonea in 

the daaaaged cella OIoDaco.d. &1.., 1977). When the explant 

ai •• 1s emall, the cut aurface.yolume ratio is ~i9h aDd 

there w111 be diff1culty 1n tb •• gryiy.l of th. _plant. In 

ca ... va l'artba ana GaJIborg (1975) 4.l8Oft8treted tbat only 

explants •• ceediag 0.2 .. length forae~ coaplete plants. 

Thos. 1.SE tban 0.2 _ procSuced either callu or roots. 

Mellor and Sta. - 8Blith (1977) ob.erved tbat .rist ... of 

potato 1 ••• tban 0.1 _ lC1ft9 4id not root ani! buds JROre tban 

0.7 _ 10119 vere proz. to infection. In Jl8rlstea culture 

for y1ru. ellll1natlon, explant. of 0.1 - 0.5 .. are used 

(Bu •• .,., 1978). Tron 'l'hanll Van and Trinh (1978) tt .... loped 

the coacept ana aetbodolocn lor aehl .. lnq 111 'fita IIlOrphocJ .... l. 

in thin cell layer •• 

2. Bud location 

ID ;)aM pt. __ rl.t .. culture, Hol11nvs aid 

Stone (1968) observed that tbe succeas rate of explant. fre. 

tertainel bUds we. 3a wher ... that of _plant. fr~ laternal 

bud. ".. only 1.. According to t~, the terllinel ba£l. 

bad .trol'lger 9rotdh potential, a. tbey wen ln a YO\IDCJer 

atllQe of de •• lop.ent, tban the lateral ones. Hasega,. (1979) 

obsened that • hiQher perceMag. of sboot tip explants of 

roee deY.loplC! .ultlpl. shoOts tban the explaDts fra. lateral 

bu4a. 
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I)_tag the _tuati_ proc ... of plant, .... r.l 

physiological cbaaq.a ~.1ca place tbat influence the ill y"m 
bebaYiour of tbe explanta (nayU, 1982). This effect 'bae 

been d.-outrated in the ability of the exPlant. to fOE'll 

.dYentitio". and axillary .., .... , in the rate of ahoot elol19at1on, 

and ln rootlng. Beca ••• of tbe d.cre •• ect .0rpboQenet1c 

abillty of .. ture .. t.rlal, it baa DOt been generally poes1ble 

to apply tbe technlque. " ... loped for juvenl1e .. teriel to _ture 

planta. B0Dg8 (1982) foUDd it _portent to .elect the .on 
j .. en11. ti.sues, a. wlthl. tbe tne., there were tl •• u .. ln 

vhich jUYenl11ty va. bett.r _lntaiMCll tban ln other t1 •• u ••• 

somatic reJuvenatlon occurs natuzal1y or can b. expert.entally 

inchaced ill .... t1.8ue. 1ft _tare tr.... '1'he rej_e.t101l 

_y progre.s ~o a point vben the tls.ues beCOlle ca.-ble of 

01"96n0ge_.1. or ellbryOQe ... 'a. Boulay (1979) ?rOP8Qated 

SlQupla .... ai' •• lIKe tban 50 y .. rs old, by ua1lWjJ exPlant. 

frOla .t_p .prouts. 'f1 .... e can be rejuftnated or at l ... t 

1rwigourated bW .aiDG at_p apr_t. at bole of the tree 

(aCNlay, 1979), by graft'lII .cion OIl to JUY_11e rootatocJca 

(Ooublay de ".01., 1980), .., adoptlav ill rltm proaedllr •• 

u.1ng auxJ,.ne, cytold.nin. and (1))be"111na, by a aequeDlCe of 

aelected tr_t_nte (80119a, 1981) or by aoclt..atla1nv plant. 

to J.a .1"0 condlt1ons bet ... explant. are taken (Dursen, 19eM). 

Such rejuyeatlon or 11W1qoUftt1on •• ually _lee tbe exPlant. 



to nspoDd better. Durand - Cre._ll G I!.. (1982) 

~ •• elo~ an elongation -.4i .. for s~ tip explant. fraa 

the juveDile sprouts of 1»u1yptM q-Dii to stimulate 

elongation of the shoots ana to obtain a favourable leaf 

aaorphology. Gibberellic aai~ <1.0 DIg/l) and act1ftted 

charcoal (15.0 9/1) were the ccaponeDts of tba eloavation 

-.c!1ua. 

8. Surface .si8iDleetion 

Shoot t1P11, Ind. or aoaal .ections are Wlually cut 

to a 8i_ larger than that of the final explant, surface 

sterili.e~ and tri~ to the fiDel 8iae before belng 

tranaf.rr.d to the cultur ...... 1 (Hu •• ey, 19.&19). The IIOet 

cc:amonly u.ed surfac •• tel!'llallt is .odl_ hypochlorit.. Bud. 

can be sterilised with'" soc.'!iu. hypochlorite. ror softer 

tlssues, a dllutlon to lOWer strength _y be needed, bat 

aDJthlng below 0.5" .. y pron ineffecti.. (Scaaer 11~ Celda., 

1981). The concentration •• well a. the C9uratlon of aoa1t1nv 

_I' be reducea or i~rea •• c1 according to the need. rorty fl .. 

alnut •• of soald.ft9 In 0 .... Cl0 was founC! beneficial by 

Xuni.ak1 (1980). COncentratiOft8 Z'anQin; froaa 1" (H1nOChll, 

1980) to lei' (Xuo arK! '1'aay, 1977) ha •• been usec1. Jone ... 11. 

(1977) ob.erYec1 that a?pl. shoots, which vere readl1y a-Vee! 

by ~n surface aterilant. became .ore resist~ after a 

abort period of iftcubetioa Oil a culture _db_. OeMrally, 



• drop of deterqent i. add_ to the surface .terilant. In 

the surface sterili.etiOD of .prace .hoot tips, the eddition 

of d~ervent was found to inone.e the toxicity of .. C10 to 

the explant.. Alcobol alone or in cOlllblnation with other 

surface sterll.ants baa been used for dislnfection (Bonge, 

1982). Mercuric chloride 18 another caaonly ueed su.rface 

sterl1ant. S_eral rin.es with .terile distilled water an 

nec •• aary to reaowe the aterllant. before the exci.iOD of 

the explant (au and Wang, 1983). 

C. CUlture ..al_ 

l. Bas.l ..al_ 

A w14e .ariety of .-41a ba.e been report.,. The 

cholce clepen4. Oft the plant a pee 1.. and the inteneS" _ e of 

the cu.lture. The Mur •• h1 .. -S1roo9 _diUlll, characteriaed by 

\U9h concentrations of II1Beral .alta baa been widely .. e" for 

,enerel plant tis.ue culture aJJd specifically for aorpbofJe.ai. 

aDd plant Nveaeration (Muraahive, 1974). The 85 .-.i_ Which 

contai_ lower alBO\lftt. of Jaineral aalta wa. fouad to be 

preferred by cells of s~ speci.. (O.-borv and Wetter, 1971). 

2. Growth aubatanc .. 

JlaJor:ity of ata,e J cultuA -.di. conteina a 

cyto'kiD1a. 8A baa been the _t effect i.e cytokinin for: 

_riate., ahoot tip and baa au.ltares, followed by 'kinetiD 



(Nun.hige, 1974). AceodiDCJ to .. ir .II&. Al. (1979), 

2-i.opentenyl adenlne baa b .. n .sec5 l.ss frequently. A _.11 

percent of stave I ..aia ba. been reported to be without 

cyt okiDin (8u and wanv, 1981). In such ca se., t bey arque<1 

that cytokinin IIBY' be pre.ent in the expants, enc!oven0U81y, 

at the required l .. ele. 'or axillary .hoot prol1feratlGD, 

cyto1d.nin has been utilised to cwer~ the apical dOlaiDllnee 

of shoots and to enhaDCa the branching of lateral buds fre. 

leafaxils (Muraeh1ge, 1974,. According to au and wang (1983), 

the concentration of cyto1d.nin in the Stage II media ran;e 

fro. 4.5,.. (in about 7. ca ••• ) to 25.01* or higher (in 

about 25" ce ... '. A kiD! of .,....l'9i •• between two cytok1n1na, 

kinetin and SA, has been npol'tet! in the i.D y1t;co axillar, 

b~ prolifera t1.:-n of teak by Gupta .d. 11. (1980). They 

further observe':: t ;.at at hi9hex' concentrations of 8A (5.0 ";1) 

as well as kinetin (1.0 111/1), the explants of stage I dial. 

Lo a u. (1980) reported that high cyto1d.nin content ... 

deleterious to the initiation aDd elongation of root. of 

both .,nocptyledoftOUS aD4 dicotyledonous plant_. SOllet ..... 

the residual cytokinin fr_ .tage II culture. was found to be 

high enough to suppress root formation (Ancora a1.&1.., 1981). 

'or atag_ I cultures, exovenous auxin was not alway. need ... 

Ifbe y0Uft9 shoot apex has b .. a d •• cri~ as an active site 

for auxin biosynthesis (JI\t and wang, 1983). AlthouC)h exogenoUIJ 
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auxins do not prcaote ax11laJ:Y ahoot proliferation, culture 

vrovth haa beeD laprond by ~he1r pre.ence hianq and Bu, 1980). 

0.. of the poa.ible rol •• of auxin in Stage II -.di_ i. to 

nullUy tbe suppres.l ••• ffect of hlVh cytokinin conceMrationl! 

on axillary aboot elODgation thereby r.storing l'IO~l shoot 

CJrcwth (L1IDdergan aDd .la.iak, 1980). 'I'oo high a conc:eDt.ratlon 

of auxin _1' DOt oaly lDh1bit axillary bud branc:hlft9 b"t also 

induce call". fo:rtlatioa Ula8efJ1lve, 1980). When GA i. 

suppte.ented in Stage 1 caltU' •• its fWlctlon ls prl_rily 

bud elongation (SchDabdra.ch aDd Sink, 1979). 

D. CUlture coDdltiona 

Rot _ch studi.a ba •• been carried out to r •••• l 

the opt1. for the cult ... cODdit1on. such a. teaperature, 

li9b~, h\lllic3ity etc. whicb influence the growth and 

" ... lopaent of plant _tarlal. in culture. Workers in 

-.riat .. , shoot tip ana bud culturee •• lect a constant 

lDCUbatioD te .. pe,rc:..ture raDgiug betv.en 240 e and 260 e. 81CJher 

t_perature of 2ace fa.our .. vrowth aDd developlll8nt of 

coff .. callus c.lle (Ko_co.l1 Al., 1977). ravn (1977) 

found tbllt for orvanove_.is frola leaf blac3e. of grapes, 

a teraperature of 29°C and 12 hours photoPeriod were IIOre 

favourable than continuous light. In order to -xi •• e 

D J:itro growth, 10nQ photoperiod. (12 to 24 hi:' Pel" day) 

bave been WI.d (Bu aDd .ang, 1983). A phOtoperiod of 16 hr 



aIM! a livht intenaity of 1000 to 5000 lux weI'. found to 

be the opt:1M for the .&a Yi\1'O propagation of .trawbeftY 

(8oxv. .G.. u., 1971/) _ DeI''kDe.s va. fOUDd to be favourable 

for 081l\1& growth in apple (C'hoDg aDd Taper, 197.), 

coff.e (Moaaoo d.. Al-, 1977) and gr.apes (Raja •• kharen aDd 

Mullins, 1981). Alr h1aicJlty 1. infrequently controlled 

during incubatlon (au aDt! lIaDQ, 1983) _ When it 1. controlled, 

7~ haa b.en fouDC5 to be tbe !lOst frequent •• tting_ 

B. PolyplleDOl oxidation 

Polypbenolic c:aapea.nl!l. ar. ?r •• ent in.any ple nte. 

When tis.ues of such plant. al'. injur.d during di •• ection, 

phenolic oC8PO~s will be ox14iaed by POlyplMtDOl oxida ••• 

and the ti ••• will turn br:0WIl or black. '1'he oxidation 

prOducts are 1mowft to inhibit • ..,.. activity, kill the 

explant and "'ar'ken the ti ..... aDd culture med1a. Such 

pben~_ are HriOWl .etbacD in the .stabl1slaent Of J)l'i_1Y 

culture., especially in woody ~nt. (IIu and 'WaDQ, 1983). 

SOIfte Of the procedures ueC! to "'erc~ thi. proble. are 

.~f'itiOft of antioxidants to the culture a.diUIII, pr •• oa1d.Dq 

of the explants ln an antioxidant before inoculatlon, 

incubat.ing the prl_ry cult_.. 10 reduC*! light 01' darkne •• 

for an initial peri04 and freqaeDt subculturing of t_ 
explants iato fl'8sh -.41_. Ich1bashl aaS ka'ko (1977) 

could control t.he browni8,9 of castleD shoot t.lpe by the 

ac!dU:ioo of an antioxidant into a liquid saec!1_ in stationary 
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cODd it iOll. St ... D80D aD! Sauis (1980) .... portec1 reduction 

in the discolouratioa of a9ar Mdiwa with IYP-l0 (O.OUU 

in luqlwa shoot tip eu.ltUl'... Gupta.G. J.l. (1981) ••• rnc! 

dvlll9 the lnttial .b~ tlp culture of teak that tbe -.c!i_ 

tar,.d black and all tt. explaat. died. In order to reduce 

tbe blacMniD1iJ. the explaat. wre •• 1tated for 45 IBinut •• 1ft e 

aolution of d1ffe~e.t •• tlbrowaln; aqents ln 0.05' M eucroae. 

The chea1oal. te.tec! weI'. ~02 '-), ascorblc acl., (0.28 lit), 

.oluble "'. (0."') .naI polyolar AT (0."'). 81eclrell1ag ... 

reduced by all tha tn.t...... M1l1tlpl. shoOt •• ne •• rth1e •• , 

"era fo~ only fr:oa the explaat. treated with polyclar Nt • 

• n lnsolubla PIP. It. le •• t'baa '" browniJIQ of the qarlle 

.. r1at_ dC8e explaats wa. obt.lned by wang and "'119 (19'74) 

wbea the lncubatlOD 11q1* 11ltenatty dUJ:'lrq the first .oath 

~. 150 1... In oeder to ..auce the accu..letion Of phenollc 

oxldates, the lnitlal i .... tion perl.., (1 to 6 " .. 1ta) bae 

been carried o.t 11'1 ctar1me.. ~. u..I!., 1979, Me Cc.b 

and 8.-tOIl, 1981, "'00 at 11 •• 19'71). The ti .... aDlS 

-.c!1. dlsoo10Qratloll la thOl"lllees blackberry cult .... "ere 

alfectl.ely controlled by .roa.e and Zl ... ~n (1978) "ben 

the sboot tiP explaata weI'. traaalerred to fr •• h -.41 .. one 

or two days after lnltlal culturlag. 

III. Rootlng of shoots gl'CIIft Ja ylt,.. 

The aloJlgation of .boot. ln .tag. 11 le sc:.etl __ 

iahlblted bJ hlgh cyto1t1a1n leY.l "hea an int.~l.te .'hoM 
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eloDlllatiOll .tage bec~. _a .... ry (1Iu and Waft9, 1981). 

1IeD9 •• quoted by IDa a. wang (1981) nducetl U. concentration 

frCIR 264.0 to 22.0 1M to .tllnalat. the elongation of §I ••• fE, • 

• hoots frOID .tag_ II cultur.. before tran8ferrift9 the. to 

rootiD9 .cliUlll. Stage III does not alway. ba.e to be carrie4 

oat .iD yltro (Me Cown and Mos, 1979). Kusey &'.11. (1980) 

obta1ned ~ rooting of QYQl2Rblla B!Dlpyl.t6 by plantin; 

shoots in Jlffx peat .ass cyllnders ln green house UDder 

lnterna1ttent mlst. SlDe. a_ln is •• sentlal for root lnitlation, 

"Jorlty of stage III ~dia contains -.xln ae a suppl ... nt. 

ADloDq the CC8llon auxlns, JUtA •• been the I80st effecti,.,e one 

for inductlon of rootiDg (Ancorc. G U., 1981, JCitto and 

Young, 1981). SCIIletllDee, a caabination of aux!ne ... y ql_ 

better r.sults (Gupta JIl. 1.1., 1980). According to Ru and -DI 

(1981), three Phas •• are llWol.~ In rhlzogeneel. (inductil1D, 

lnitlatlon aDd eloftQatlon). 'l'be root elongation pha.e bas 

been founa. to be .err •• neitt .. to aulD concentration. High 

concentrations of auxln inb1):)ited root .lontilati~jn ('I'M_nn, 

1911). In the procedure d .... loPed for .1D X1tro rootiDC;l of 

apple rootstocu, 3a ... and Thuban US81) cultured tbe sboot. 

fust 1n an auxin containing root induction - initiatioD 

meCJi\a for four to ei";jht days. 'l'ben, the culture. were 

tr.neferred to an auxin-fr.e root de-velopil'JlljJ 1lled1W1l. '1'bi. 

tvo-phcsec! proceaure effect1 •• 1y ...... nte" callus fOJ:aBti01l, 

resalted 1n 9S" I"ootiag aDd lea to a three fold increa.e ln 
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root a1lJllber. A C8-hour .oekiDC) ift aft 11.0,6M IIAA solution 

before transfer to White'. Mdi .. inC.ced root fOl.'1ll8tioft in 

IwalDtUl c;1tc1042r. (Gupta.G 1.1 .. 1981). MS, BS .• DC! 1£ 

are all biqh ., P and It .alt media. SOlleti_s root initiation 

fal1a at such high •• It concentratloa reqardl •• s of the 

typea of bol1loDe pr ••• IIt. AbuDdant rootill9 weE observed ",haft 

the salt COftCentratioll 1D tbe .ediUID "a. re(luced to ODe-half, 

one-third or ODe-fourdlof the standard strength (ICartha .a1. 11., 

1914, Lane, 1979~" 81tin'in aid Chu, 1979). But 1n such case., 

poor top qrowth reaultec! ItCllett..e. (wang, 1978, Gupta al Al., 

1981) • 

_rlcal or structural cr'Mftges ln chrOlllosOlies are 

report" to be ••• ociated wlth 11 litro reQenerat10n of plants 

(Larkift a .. Scoweroft, 1981). ~rlcal cheag_ MY_ b .. n 

ob.erY.d In callus culture. of tobaaco (Sacrista n and Melchers, 

1969), 8U9arcane (BeiDa G 11., 1911), _i .. (Rice, 1982) _DC! 

toaato (Ie ....... DC! Sharp, 1983). This ftriabi11ty r.fl.ct .... 

• ither pre-existin; cellular ;eDet1c 4iffer.nces or tissue­

culture inducetl yariability (By ... G. Al., 1984). Accordiag to 

sacristan aDd Melchers (1969), loagterm cultures result" ill 

ti.aue culture-induced variabl1lty in chromo.a._ Il~.r 11l 

botb the callus aM in the plante reo_nerat,ec.'! fr~ it. The 

ori;in of chrcaoaOlal instability of cultured ti •• u. haa beeD 



attr!bated to endo-nd .. licatlO1l (Alrtanen, 1911), nuclear 

fuslon (M1tra aDd St.ward, 1961) a. well as abnormal .pi~le 

formatlon (SunderlaDd, 1913). 

Contrary to tbe aboV., JUtro al!!. (1960) ab.erYed 

that only ~lploid plants were regenerated f~ the call .. 

of OIlrrot havin; a wla. raft98 of chrom08om. num.ber. 

with respect to apl_1 _riat •• culture, such 

.... riatlon. ar. rare (Aacon Ii .I!., 1981). AccordiD9 to 80nga 

(1982) tbe .. ristematlc 11 .. , conaiatlDg of specif1c cell. 

In more 01' le •• fixed posltlaa e .. rcis.s a strict control 

oy.r tbe _totic e .. nts. AD'f •• atedce11 in a 18U1tlcellular 

shoot .pex will Rlonly fQrla oal,. lill1ted area. of t1.s_ which 

will flM11y b. e11mlnated frola tbe _rl.t_tic r",iCD 

(Bu •• ey, 1978) • 

v. .Plant in9 oat of p1a at let • 

.Physical, ahem.ca1 anS blological proPerties of 

the pottln9 alxture aM tbe at.apherlc conditlons durlftCJ 

post-transfer 9rowth an taportaat in the •• tab11 ..... nt of 

111 yitg reqenerateCJ plant let. which have been planted oat. 

Jtyt. and 81'1998 (1979) foua1 tbat • porous pOtting mixture 

of peat.perlite.co.posted bark (1.1,1) was the best for 

rootiDq tissue-cultured rhododendrOftll. They found the depth 



O~() 

of .011 to be lapan.at, a. the survival rate w.s IDDCh 

greater In 10.16 _ (,.) pet. than In shallow trap. 

Thorough .... 8hino of the pantlets to relftOV'e the traces of 

n.trieat aecJiua and st_ilising the pottin; Ia1xture 

.1illinated .. r10118 pl'Obl ... Of lnfectlon CAaderson, 1980). 

ac ••• i" ..... t ... 10.f was observed fl'Olll the 1 .. " •• 

of appl. plantlete t.medlately aftar tran8plantlag (Zi ... ~n 

and BI'OQIe, 1980). 81C;h rat. of wat.r los8 'ba. been relatec! 

to the .. educ*, quaatitia. of er"icut1cular wex (G&"O\lt .nd 

1.8tOl\; 1911) .... duced 1.".1'8 of pall .... _11. (hllbr1 A al., 

19M) hi9h "01-. of .aopbyll intercellular -Pice. 

(8I"al_r d U. 11., 1981), and the slow.as of at_tel 

respou. to water .tre ss(arainer d aftc! ruch1galll, 1981). 

IIIlPJ;'oper c1eV.los-eDt of "a.cular co_actiou betweea 

the .boot and tbe roota a1gbt also aBuse POOl" •• tabli8l8eDt 

of the plaDtleta (Grout and AatOll, 1917). 

A PeJ:'1~ of h.td1ty accl1_tl .. ti08 ..... 8\11ft_ted 

for the ..,,11' transferne' plantleta to __ tbell adapted to 

the outside .nv1roDllltnt UIu and "'aDO, 1983). S'Utter at 11. 

(1985) found that sunl.,.l of the plaDtlet:8 dePended a. 

aucb on the vigorous Orowth of tbe .. 1,. produced 1 .. ., •• 

• 8 on the adaptation of the 1 .. ., •• pr •••• at the ti_ of 

plantlDQ out. 
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Bar... (1979) .. lntainee! hlgh hUIDldity for the 

newly transplante<! vat ..... lcm plant let a und.r lm:erad.tteM 

lIS..t and fouad the •• plant .urtlvel rate to be poor. 

Subsequently, the plaatlets could be successfully .stablished 

ln the green bous. by coverlD; thea with clear plastic 

cupe to _lntaln hlgh humidity. \'he cup. we ... partially 

lifted for .bort durations durift9 the ."cond veek ant1 later 

kept r..,.ed for fiYe to alx hour. dally. Th. aupe v.re 

coapl.tely 1'BlOVec!l lIubaequently. Bl"Oo.e anc.'l ZiJllDeX1l8n (1978) 

obtained ,. s,,"i9a1 rate in »lac1cberry by growing the 

plantletll under i_erted gla •• jars for ODe to three we.ka. 





The 1 ••• t1.8tloa8 wen carrled oat at the Plant 

'l'lleu. CUlture Laboratory attached to the D.part_1It of 

Plant.tlOil Crope "Spices, College of Horticulture, 

Vellan.1kka~ durlav 1981-8 to .tandard1.e the .icropropeQation 

techn.lquel in jack 'AJ'tgca,pgl Mt.,o.yllPI Lata.) aDd 

1Ill .... naa (IA'.''''' erxtbro_j.lI Seh_. .. IfhoDn.) • Studi •• 

v.re aleo •• e to un.CIerstan4 t'M ill ."'9 re.pOn .. of the 

explant. of breadfnit <MsaurRM ,ltl1le L.), pepper 

(Piper Dig.,. L.) aftc! nat_ ()tui.ti. flagrap. Houtt.). 

'I'be .e.ral ill n'a cloa1.D4J procedure ac!optec5 ift 

the 8t~le. is ...... Iltec! ill I'lg.1. 'I'he .taq88 lnd1ceted u • 

• 1 per Murashlq. (1974). 

'l'he .,.t611a of tbe prooedune adopted for the 

dlfferent epeci •• ar. d .. crlbed ill the follavillO pee •• , 

Itav.-wla •• 

I. Jack CMtoqarPMI bet,".,11M Lea.) 

A. Culture .stabllln.ent (Sta9' 1) 

bpiallte w.re taken fre. 1.ec!lin98 (4 to 6-week old), 

9raftl (6-..rath old) al'ld _tur. tre.. (5, 10 and 30-yeer old). 

They vel" subj.ctec5 to the ill Dt;ro aultlpllcatlon procecluJ:e 

d.sar ibed ln 'I'abl. 1. 
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Table 1. .Ill .'t" •• 1tlpllca tlOil procedure 

Methot! of 
amlt1pllcatioa 

1. BDhanc:e(l 
r.l.... of 
axillary 
b1148 

2. SC8Btlc 
ol'9.nogene_l. 

3. S08&tlc 
ellbryoqeneal. 

axplent 

1. Shoot ti1>8 fl'OlR •• .,lings (4 to 6-..... 1t 
old) 

2. ShoOt tipe end ft04al segment_ with 
axill.ry bua. f~ fnab sprouts of 
5-year old jack tree 

3. Shoot tips ancS nodal seg_ats with 
axillary bwda fr_ fresh sProuts of 
10-year old jack tne 

4. Shoot tips aDd noelal 8e91BentS with 
axillary b1lll. frca fresh sprout:s of 30-yeer 
old jack tne 

5. Shoot tips aDC1 DGcSal Sev_MS with 
axillary baSs frota 6-iaontb ole! jack 
grafts 

1. All tbe exPlants used for enhanced r.l .... 
ofaxl1lary baas 

2. Leef • .,..8ts 

3. YOUIl4jJ inflor.scences 

4. Root tipe (f.l'Oll culture) 

1. I. .. f aev-ata 

2. Shoot tiPti 

3. Interaodal .~nts 

4. YO\1Il9 lDf lorescenc .. 



'I'he explaat'- ... re c!tppec! In '. etbyl alcobol 

for 10 aecoDlS. before tborotl9h "..b1nv wlth aterl1e water. 

Surface sterl1lsatlon vas 4_. b1' beping thea In • 

sodl,. hypochlorlte solut1oa for 30 .1au.te.. rollow1DCJ 

thorough vasblnQ ill ster11. wter. the explam:s were place4 

In a aolutiOD of .... 1'0" ana 0.'" polyY1Dyl pyrrollctoae 

(1Dsoluble ..,.) aad avltateet for 10 to 45 ainute.. '1'he 

espu •• vere t.a elther •• jected to pre-culture treatment 

by keeplDCJ tbea for 24 »U1'8 ill a 801utlon contelraiDIjJ 

CytO'k1DiD aDd QA unaer refrlgerat~ oond1t10u (4-50C) or 

Cllrectly surfac .... t.r1ll .... with eodlUIB hypochlOrite follcwed 

by .rcuric ehlor1c1e aol.t1OO8. A lev drop. Of'T"pol'vere 

added to the .terilaat.. 'l''be detal1e of tbe surface 

atel'111 •• t1oa tr .. t.at8 ~ 91 ... til 'fable 2. 

"able 2. aurface .ter111 •• tlon treat_at. 

SterileDt 

8011 .. bfpochlorlt. 

MercUric chloride 

Ca.blraatioD50f the be.t 
tr .. t .. at of t'be .})we 
<aerial tr .. tllleDt) 

2.00 - 4.00 

0.05 - 0.20 

'1'1ae 
(aiDute.) 

5 - IS 

I - 15 
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ftle .x.pla •• , .ft ... surface 8~.ril18atioft, v .... 

rilUltld Cat 1 .. _~ fi •• t".) with a'erl1e water. Ie the 

ee •• of shoOt tipe, the .heat_ wen r....... aDd. the .pieea 

~ baak to 1.5 _ 1 •• h, ... ptl_11y. 'fhe lea ..... ani 

laterDOda1 • .,..nt8 we .... leo ••• ptlcelly cut: lilto 1.5 ell 

10DQ •• lJIeDts. "he .spa •• ve ... tben tralUlf.rred to the 

..ai_. 

"he ell.u.cal. ued wen of analytlcal 91:8" fl'CNl 

Brlt tah 'Druq aou.. (aDa), .i.eo a .... rch Laboratori.. (SRL), 

..... k .. SiV-. at.ndad ~"'un. (Bioadi ... -n.o.pe, 1981) 

wen f.ll...s •• the .,..paratiOil of tbe -.dle. "lw pH Of 

tbe -.di. v .. atJut.a to 1.7. • ...... 111' ..... 0114 .... ta 

containlD9 0.7 9/1 ..... (8DII) wen _ea. L1qalt .... i_ 

(20.0 a1 per t •• t taM, with •• 1lte }'aper p1attfora) ,... 

tried i •• hoot .1tipllc.tiOil nUlll... Corni ... bra-S teat 

tUbes alld ccmleal fla.b ...... "tid. Sterilisation of -.dl. 

aDd COIlical fla.ks va. d_ a' 15 pal for 15 - 20 1d.Di: ••• 

All ••• otic anloalatiOftfll "."8 cerrt.., out 1n a Lallinar all' 

flow a_BIber. c.lture. W.I:'. lacuM.tea at 26 % 20e vl~h • 

1'-bou photoperiod (1000 lax), •• pp1ie4 ~ cool "ay 119M 

fluoreseellt t-. •. 



All ~'be ~r1al. oa Steve I aDd Stave III wn 

carried out on Hva.hi.,8 ana 8Jroog (l96:U tNtsal -.diva 
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(MS .. di_). 'lor ~he ~ri.l. OIl Stag. IX HS and Ander.oD·. 

(1980) lHdia were used. 

natails of the culture •• ~abllsbment trials 

(Stog. X) an pr •• aatee! ill ... able J. 

2. Ob.arvation. (stage I) 

a ••• tab1i ..... t of shoOt tipa aDd la~.ral bud • 

• 
The ob.ervatlou on par cent surYiyal (culture. 

whicll were eliYe) ant' per ceat growiD9 culture. went _4a OIl 

fiYe •• plantE. .~r trsatmeDt aft.~ t~. " •• ka of iftocule~loft 

and the _a ns work" c.ut. 

b. a_tic 0Z9aft0geft •• i. - aa1l •• p&"oc!UctloD 

Bach treat_rat cOilbiutloD " •• tria&! on flYa 

axpladta and after thr .. w •• u of iDOCUlation, obser¥at1ona 

"ere _aa Oil per cent axplants inItiating call .. and growth 

of the ea .Ll_ • 

Growth of the call_ va. a.s ••• ec! based Oft • Yi_.1 

ratlDg (with .core 1 to tlle _llaat .Dd .eore , to tbe 

larQa.t callus). "he .e .. cor ••••• pr ••• ed •• tbe 9rowth 

aeon (G). 



• 

~bod of .. ltipllcetlGD axplaDt ~r .. ~nt 

1. aaballOlC! r,I".8 of 1. ShOot epa (fnab) 1. 3d eaib1aatloa of IQI" (0.1, 0.5, 1.0,611) 
1&11leZ'7 bucla aDd ll1ut1a ().5. 5.0. 10.0,Ml) 

2. 3d COIIbl_tioft of au. (0.1, 0.5. 1.0"" 
aDd I\ft. (2.5, 5.0, 1O.0,6JI) 

3.. 2x5 ~lDation of 11M (0.2. 1.0 .,., 
ana BoA (o.a. 1.0. 2.0, 10.8, •• 0 ..-, 

4. 3d c:oablaat 10ft of 1M (0.1, 0.1. 1.0.) 
eDl! .. (2.5, 5.0, 10.0,...) 

5. 3d diAllel Nt. of U. (0.1. 0.2. 0.3 ."., 
a .. kl ... la (0.1. 0.2. 0.3 ppa) 

'.bS ..-1aatI_ of GA (0.5. 1.0. 2.0 ~) 
aIM! a.1 •• t" cbareoal (0.21. 0.5. 1 •• ) 

7. GoA 1.0 p.- (without aetl .. t«t charcoal). 

2. :t.eteral bud (fnsh) 1. 2x2 ~l_tloa of CIA (l.0, 2.0 ppa) ... 
aotlftted charcoal (0.5. 1.0Jl' 

• Since 1IJK!er tnat .. at 6. GAo 1.0 pp&Il 98 •• ~f!ing r,.ults 

1M" IDA, 1~ • 0.182 p_ 
XiBetia. 1~ 0.215 ppa 

.A '1)aM. 0.225 ppa 
1M I l,AIM • 0.175 ppa 



'!'able 3 (continued) 

Method of .. lti~leatIOD 

2. ac.atlc or9ilnooen •• ia 
<tnductlon) 

•• callus production 

las Direct oqaDogeaeal. 
(induction) 

3. so.tlc _bryOQe,.8ia 
(lb.iuctlon) 

1. Shoot ti p (frola culture' 

2. Illter~al H~Dt 
(froa culture) 

J. Le.f seo_.t • (froID cul­
ture) 

4. aoot ~lp (fZ'Ola culture) 

1. 6boot tip (f~ culture) 
2. I.t.r .... l ..... nt 

(fra. caltur:e) 
J. (.) Leaf 8~ent (frota 

culture) 
Lower half of laatDa 
with petiole 

(b) Leaf .:rot (f~ 
culture 
UPPer half of la.ina 

1. 4xl ~inatlo. of lUJ\. Cl.O. 2.0. 
4.0. 8.0 ~ .Dd klaetift Cl.O, 
2.0. 4.0 ~ 

2 •• xl aa.biDetiOD of ~ (1.0. 2.0. 
4.0. 8.0 ppa) and 8A (1.0, 2.0, 
4.0 Pta) 

3. 4xl eOlllllal_tloa of 2.4-1) (0.1. 0.5. 
1.0, 2.0 ppa) aDd .. (1.0. 2.0, 
4.0 pta) 

1. C.t>inatiOll of kinetin (0.5 p~) 
.Dd BA ("'1. G ••• 4.0, 
1.0, 5.0 PI8) 

2. CoM»l_tlO1l of at. (0.5 ppm) .na 
kinetin (0.1, 0.5, 1.0, 2.0, 5.0 ~ 

1. Sheet tip (fro. culture) 1. 2,4~ (0.1, 0.5, 1.0, 2.0 pp.) 
2. Internodal Sev-ent (froa 

cvlture) 2. 4x3 coabinatioD of 2,4-D (0.1. 0.5, 
1.0, 2.0 ppa) and kinetin (1.0. 
2.0, 4.0 p~ 3. Le.f .~.t (frca cultuze) 

... ToaDQ inflorescence (fresh) 
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call_ X.... (eI) •• _patea b7 _ltlplylD9 

per ceDt apla •• ia1t .... 1D9 eel1_ with the 9rowth •• 1' •• 

ifhl. va. worlcea CMlt to •• t .... t. tbe "81'811 .ffecti ........ 

of tbe treat_Ata to lad.e •• 1lII support tra. Growth of 

c.11ua. 

After five veeJca of laoculatlon, ob •• "6tlone were 

Md. on per cent .xPlaate laltiatlll(J direct ol'98nct ..... 1 • 

• ad the _lt1pllcetloft reta (the .-bar of shoOt. PI'Oducec1 

by all _plallt during t ...... al'fttion Pel'1oa). 

'rb, abe\t't ob~erYatlon. were _(!4! Oft fl •• upla •• 

per tre~t.el'1t a"" the .. ens vor~ out. 

After fou " .. lui ef lllOCUlatiCD, •• e&'YetloD. we"'a 

ncOl'd_ (thi:e ••• pleats pe .. tZ'elltIMat) Oft ~o.ftt _plaat. 

11l1tlatlnv 0 .... 1". and the ,r:owth of tbe c.e.llu. 

Gl'OWth 8C01". (G) aad call .. lnd.x (eI) van VOl'ktd 

B. Multiplicat10n of propa;ulea (Sta •• XI) 

1. 1~ftC:ed rele ••• ofax11laI"Y bU4a 
a. StencSardiaatiOll of. ... le proll' .... t1oft ..a1_ 

It. pr.lt.l .. ..,. .xperi __ wit.h 24 tr .. t_nt 

~i .. tloa. larol.1 .... (a.5, 1.0, 7.5, 10.0, 20.0, 60.0 ppa) 
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aad lIAA (0.1, 0.2, 0.4, 0.1 ~) ,.. coftd~ed to sta.,ardi .. 

a ba.1c proliferatlon Mdi_ (BPJI) fol' the ati_latlon of 

.xillu!' shoot J)I'OC!uctiOll Ina the shoot tip cultur ••• 

Prollf.ratioe of lat.r.l buCJ was t9sted with the 

treat_at cGIIbinetloa ld.ntlfied •• the IIOlIt effecti •• for 

proliferation in shoot .pex cult .... 

ADotMr .xperi.at _s coDl!ucte<! for the enhanced 

1'.1 •••• of axillary bud. fro. the sboOt tip cultur.. of 

seedlings, 10-,.ar olei tre., JO-~r 014 tree .nd I-lIODth 

01<5 onfts. Thi£ .zper1.Jlellt luI4 tr.at_nt c~1aatio_ 

iftYolvlag ~ (2.5, 5.0, 7.5, 10.0, 12.5, 20.0 and '0.0 pp.) 

aftC! DA (0.2 ppa) i'O ...... 011d -.1i .. and 8A (5.0 ppa) ani 

IIAA (0. 2 p~) in liqu14 -.dl_. 

b. Shoot .prollfer.tiOD and trovth of the shoot tip cultv .. 

StUdi.s were condu.ote4 to ".tel'lline the .ff.cts of 

.arious GOIIPOUDI!ls on tbe .1tlplicat:J.on rate anti 91"OWth of 

the .hoot tlp culture.. Tlte ba •• l media .. ployed, the 

.uppl •• eats and the differellt te.t caapounds .n indicated 

ill 'table ,. SA 1.0 p{:a ani IfAA 0.2 p,.. ... n •• ed ••• app~at. 

to the ••• 1 .dia for tbee. tr1al. based on the results of 

the standardi •• tion of .M. al81l •• hOot apicu f~ the 

Pl'ol1feratiftQ cultu.rea were as.., ••• x:plante. 



-rable 4. .an.OIls caapounda (a.l .. , c:ytoltin1.a, eytoltiJl1ll re1a~"" sabataaces, 
91bberelli., aat.o acid IUlppl_nt, carbon sources, iaorpn.1c and oZ9fJllic 
ca.poaeat. of lIS _di_) aad AaCleraoa's ... 1_ ~.a~ecJ Oil ~he _lt1pli_tioa 
rate and growth of _boot apex culture. fraa 5-year old jack tne. 

1. lIS SA 5.0 Pta 

2. Ca) )IS lIAA 0.2 PS-

(b). • 

I .... &A 5.0 paa + ~ 0.2 p~ 

4. IE 

I. -
6. --r. .. orqanlc 

growtb factors 
+ sucrose ,. 

... ItS inorva n1e 
s.lta + 
8"c:roee • 

9. AIMS.aoD·_ 

• 
• 

• 
• 

• 

• 

• 

:fAA, MA. 2, 4-D 

hA, klDetln 

• 

Left 1 

0.1, 0.2, 0.4 ~ 
2.5, 5.0, 7.5, 10.0, 20.0. 
40.0 PIa 
lal dull.l set of 0.1, 
0.1, 1.0 r.-

cyto1t1nl. 
relet ell 
a1lbat •• c .. 
CJibl."8nlllD 

Adenine aulphate. 10.0. 20.0. 40.0. 80.0. 
adent_ 160.0 ppa. 

AldDO acid 
aupple.at 

G~ 
ea •• la IiJ'lroly­
.at. 

1.0, 2.0. 4.0, 8.0. 1'.0 ppa 

50.0. 100.0. 500.0. 1000.0. 
2000.0 pta 

Carbo. source Sucro •• , vlucoee 1.0, 2.0, 1.0, 4.0J' 

Iftorganic 
salts of MS 
_41_ 
<-cZ'O a~ 
.10ro) 

OrCJonlc Growth 
fact... of II! 
mediua (iAo-ital, 
~1doxlft. Bel. 
thiAldne Bel,Olre1n, 
D1c~iftic acid) -

1/', 1/2, 1.0. 2.0 ~l .. s 
~l atreD9t1l 

• 

-
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2. Orqe .. e.esl. call .. --,let" 

C...,1aetioas of ... (0.1 .. 0.5, 1.0 ppa) end 

kinetin (0.5, 1.0, 2.0 .. 4.0, 8.0 p~) as well as ~ (0.1 .. 

0.5, 1.0 PPB) and BA (0.1, 1.0, 2.0, 4.0, 8.0 ppa) were 

tried to e ... nee the PrOductioa of shoot. frona calla of 

_hoot tip cult-... '1'_ ba .. l aaedl- ... lIS. Call.. f~ 

the first subculture ._ ued for: the study. 

3. S~tlc .-bryoicl fwatiOD 

The exPlant./celll f~ the lnc!uctlon ..a1_ were 

transferred to MS .. dl .. coDtaining 3 x 3 dlalle1 ~iDBtiOft 

of BA (0, 0.5, 1.0 p~) aDd ktnetin (0, 0.5, 1.0 ~) for 

the foraatlon of eaa-tlc .-br,oids. 

a. Obsenatione 

i. Basic prolUeratioa ... 1_. 

t"bere wen four cult .... per treat_lit CCIIb1_tlae. 

Ob.enat1ona OIl the n\aber of ahoOts.. the leftQth of the 

lon; •• t shoOt ana tbe length of tbl lonvest leaf wen 

recOl'dec! after fi •• weeks of cult.... IJ.'he perfo,..nc. of 

.ach treatlMDt vas alao .1s .. 11y .... ted 1n the ftl198 of 1 

(a.11 and C08Pressec! shOOts) to 2 (fairly el0D9atea shoots). 

IJ.'he aaltlp1icati0ft rate (the nl bel' of shoot:. J)J:'OdUCMH! per 

explant d.rlD9 an obae~tlOD pulod) of the shoOt cult ... s 
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ln the 8111 va. also -.-U .... for 10 contlDUOUII .ubculture. 

dODll at fo .. -w •• k lllt.,,"l. ~ 

11. R_lat101l of shoOt .-olifention aad 9r~h of shoot 
tiy;) cult ... 

Ob •• rfttlO1Ut .. the DT.bel" of sboots. the le~h 

of the lo .... t shoOt aDd the leD(ltll of the 10l'l9 •• t l .. f vere 

r.co~ed .ft.r fl .... lea o£ oult~. 'l'he perfor-anae of 

each treat .. at vas alao .1 •• 11y rated ill the range of ODe to 

two a. _atio .. " abOV •• 

111. OJ:9ar.aog ••• s.a (Call .. -.diated) 

-ren call.. pl ... weI'. tried ~ tre.t_at and 

01:981\01 ... 18. if any. recOJrded .ft_ 60 cl6y. of cult\lra. 

1.. 5aaatlc .-br.yotd f ...... tloa 

ambryoid fo~tloD OlD thr .. culture. Per treatJleat 

v •• oba."ed .ft. 60 day. of cultur •• 

A.n ex.per1_nt w1th treat_at ca.b1natiolle 1_01.1l1li 

SA (1.0. 2.0. 1.0 and '.0 ~ Bnd IAA (0.1. 0.2 aDd 0.' ppa) 

a~ .... (2.0 ppa) and NAA (0.1, 0.2 a~ 0 •• ppa) we_ CellO\lat" 

to ataradardl •• a ...siu. w1\1ch f •• ound the elOll9at1oa of 

shoot 1n the cultures tr.Il., .... red .rca the pro11ferl:t1oll 
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'l"hen "ere feMlr eultures per treat .. m. abs.natlo .. 

(OD the mJli)er of sboot. , length of the l0ftge.t shoot a. ".11 

ar the length of the 10DfJ •• t l .. f) ".r. rec~ed after fi .. 

w .. b of culture. 

D. lA yitER rootillQ (Sta.e Itl) 

The different factors <and their le".ls) trleo for 

rooting of Jac1t shoots of "rio\lll origiD ar. li.tea in 

'l"a.1. s. As a pre-treat~, the shoots fraa the .. diua 

fa"ouring nor .. l growth (el0D9ation ....,iUl8) were cultured 

for OIle to two v •• a OD .. .-d118 .uppl_nted with .ctivated 

charcoal (0.1") in reduced Ilght intensity. Fr. thls 

culture, .boots ;.0 1.0 _ ill l8ft9th were .elected ancJ .... 

for the rootiD9 _perl_nt. 

1. Ob.ervatiou 

-..r of days talaea for root initiation we. record". 

In •• Clition. pel' _nt cult ••• with root •• a.mer of pr1a\ary 

roots aDd int __ lty of root branchiftCJ (baset1 OIl • visual 

rating raft9ill9 fraf 1 to J (1 • poor, 2 J aoc!ezete, J I profu.4I) 

".1'. l'ecorc!ec! .fter JO d8,.. of cultun. Abnormalitie. Oft 

root anc! shoot. 9rovth were aleo recordf1t'3 as and when ob.4Irnd. 
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'faltl. 5. C_pOUDds aDd _.,.1 condit1oDa tr1et! '01" the 
J.a US" l"oot1a9 Of jaok .boOts o. di....... .~. 

aourCMt of the 
01'191 .. 1 explant 
which va.. ri •• 
to the shoot. 
t.st .. 

1. Slx-.... k 014 
•• ..,11119 

4. nirty-y.al' 
old tl'H 

I. S'x-IIOIlth 014 
9n.t 

L I 

a.6MI&M 
1. DA (0.2 ppa) 
2. la (0.8 ~) 
3. ~ (1.6 ~) 
4. IM (8.0 PPID) 
S. 11M. (1.0 pSa) 
6. XAA (10.0 ppa) 
7. 2,4-» (0.1 ppa) 
9. 11M. (0.01 PJII) + DA (0 •• ppa) 
9. ltA.A (0.4 PI*l + IRA (0.4 pPlll 

10. 11M (0.5 PJa) oft DA (0.2 ppa) 
11. BAA. (2.0 ppta) ... IBA (0.4 ppa) 
12. 1M (0.1 PPIIl ... IaA (0.1 paa) 

1. 1M. (a"o ~ 
2. DA (1.0 PJB) 
3. BAA (2.0 p~ 
4. IM (10.0 p,.' 
5. 2,4-1> (0.1 wa) 
6. MA. (0.01 pp.) ... (IaA. 0.4 PIa) 
7. IaA (0.4 ppa)... (DA O.2~) 
8. MM (0.4 .-)... (xu. 0.4 Pta) 
9. IlAA (0.4 pta)... (IBA 0.8 p~) 

10. 11M (0.4 ppa)... (IBA 1.6 ppa) 
11. 11M (0.5 ~) + (IBA 0.2 PI8) 
12. ~ (2.0 ppa)... (~0.4 p~ 
13. JIM. (2.0 PS8)... (DA ,2.0 ppa) 

101" six 4ay •• Id tn.a ,hoots 
trauf.ned to 1/2 .. witbout 
vrowtb .~taaoe. 

14. lArA (0.1 ~ + xu. (0.1 ~) 

.. (vlth 1/2 
coaoelltntioD o. at.l"al 
•• It.) 

1. 11M (0.4 ..-) + 1M (1.6 ~) -40-
2. 8.A (2.0 ppa) + IRA (2,0 ~) f. 

81x days a. tllea. hoot, traDaf.l'r:eI 
to 1/2 _ ,,'thoat 91'GWth sabstano. 

(C-*d.) 



!'al»1e S (eoDtd. ) 

(1) (2) 

1. JU_zoel .. It. 
(both _en .... 
lI1e.l'O aatde •• ' 

1/4, 1/2, 1 
aDd 2 t1lle8 
of the DO ..... 1 
.. aalt 
coDteDtratlOD 

2. Oc9anl0 ~h 1/4, 1/2, 1 
faet .. a U.__ a .. 2 tl •• of 
.ito1, pp-ieS_1M the • .,.1 lIS 
BCl, tbi_1_ o"aDie fJ~h 
Btl, 91ye1_... 'anoE' conc .... 
Ilieotlalc ae14) tratlO1l 

3. Suer •• 

II. Plwt1ga1 .. ,tip" 

1. A.geE' 0.4, 0.1, 0.8 
aad • 

Sf, 

(l) 

.. Ol'9a D1e 
p'owth f.cton .. 
au.croa ..... 
1M. (1., 'fJ1Wa) ... 
IDA (0.4 ~) 

1/2 .... lte ... ._ro .. . 
... la. (1. I Pt'a) 
... RM (0.4 ~) 



'the lafl_ .... of tbe followll1O f.cto .... OIl t_ 

':; ,.., 
'J I 

._nlT.l ... _tul ... ",. of tbe plantl.. (aboot. tbat 

ba4 rooted U. I"D) .......... . 

1. After NOtlDtJ J.a nan 
•• htt 1l1li 1I1.-n 

.tu4y. 

(1) hna .... oil (1.1 T/y) 1. a\1II pot. 

(11) aalld ..... 11 ... GGIIdunv (1,1.1 ./Y) 1. IIUf! pot. 

(111) Ve~oul1te 1 .... pot. 

(IT) Colr a •• t la ... pot. 

(T) sane! ... 8011 ... _tr 4 .. t (1,1.1 T/.) lD ... pOt. 

(Tl) TI"1IJe-2 OCI 8 ... ,..1 pots (f~ 'f .. 1c. lDa1_ Pn.Lt4. 

(.,11) .""9- .......... 1 (1.1 T/y) ill ..spot. 

"he pottillllJ at.ana wen _.0018.8\1 .t 11 .. 1 

fOI" 20 __ te. aaS 1IM4 aft ... 10 4aye. "be cult_., 

'~lately .fte .. risible I"oot 1.ltlatloD (1-2 _ 10lIl nat.) 

wen •• poeed to lat.her U9ht 1 .... 1ty (1100 1.) fOI" a 

perlo! of one " .. 'It, .ft ... ""' .. tn_pleat 11\9 " ...... to 

tbe _t1119 ..s1.. "".t be._ t .... phntlag .nt." ., " .. 'ltly 

lnt."al •• "efta"., ,.... pott1111 llistuare_ ".n ... ench .. 

with •• .,letlll (0.'*). 
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b. ~. of t'be pialltlet. at trauplaati.., 

~be .urv1 •• 1 rat. e! tbe pleatlet8 of ~lff.l'eDt 

.oe. (0, 1, 2, 3 .114 ..... u aft.r root laltiation) v •• 

obs.rved ift ftn1callt., vhlch wa. 14entif1ed .s the beat 

~i_. 

c. Light lnt.nalty 

The plafttlet. jaat afte~ tbe .ia1bl. root ln1tlatloa 

vel'. sOjected to different 11fbt int.neiti.. (250 lax, 

1000 lu a.. 3500 lux) for one veek. '1'hey weft theD tra_­

planted to ftrm1culit. to ob .... the eff.ct of 119ht 

inteulty (before trauplantation) Oft their suni .. l. 

d. llwDidity coatrol 

Dlffenat _thods vera trled for .1ntalniD9 high 

h_ldlty around t'be tn_plaated pl.lltleta for a J)eri04 Of 

thr •• v .. 1ta after the tra_pleating. 'the _tbods conslateeS 

of COYer1D9 the pot. with 918 •• Maker, placlD9 the pot. in 

petrlplate. contalftiag eterl1e water and cowering the. vith 

9laa. beaker, placing the pots, ia plastic bes1ne conteillillJ 

a thill layer of sand an~ COYel'iftQ the. with .1CJ:oseo!>e ccwera 

(thic'k. traftapenDt pl.stic eWers ."ing 60 CB helght aad 

45 _ dla .. ter at the baa.) aad placlng the pot • .... 1' a 

pyra_U ahc;<ped aetal1io .tr\let .. _ (1.0 x 1.0 x 0.75 sa) alit 
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cOYClng tb_ with po1ft.- sbeet. latarl81tt.nt spraying 

of _ter with a haal.prayer .... do. in the latter two ea.a •• 

a. GJ."Ofth lubsta ... 

Sterila solutioal of ABA (0.03 ~), a (10.0 ppa), 

'ltt_ttn (10.0 P.-l ana ..,. (l.0 ~) ware sprayed on to the 

plafttlets (tnll8plaatac1 to ftn1culite la .ua pots) to 

study their effecta Oft the s'UYiyal an4 estaJ:alishllent of the 

plantleta. The above solutiOI'll (conta1n1llg a wetting avent, 

Taapol) were sP ... yvd at w.ekly iDterYal. for four ... 'ke. 

2. Direct trc;na~lallt11l9 of shoot. fr. the elongation ..at_ 

'I'he shoots vrowD i.D xttlP (1a .1oDQatiOD ..at.) 

were treated with IDA at fl •• coDCentratioD8 (5.0, 50.0, 

100.0, 200.0 aDd 400.0 ~ ancl traft8plall'ted to a IJtan4llrc! 

potting IBixture (sanCI.aoilacowQUDC) 1.1.1 y/y) to lit •• whether 

or not direct treftsplantiD9 in • DOIl-lterile ..eli .. would 

sueceea. Shoots;>- 2.0 ca 1. leDC;Jth ".. •• elected and c1iQptM5 

1n sterile ~ solution for 24 hours b.fcce transplanting_ 

There vere fi •• aboots per treat_nt. 

To .. intein the b18licUty at the desired 1 ... 1, the 

pots were plac:ed in planie besina containing a thin layer of 

.. Dd, and coY.rea with aicroacope COYer.. lllteraitte. 
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.pc'ay1D9 of wat.r va. aleo ,,_. "he other tr.atme.a wen 

DOt att .. pted as tbey we" not succ ••• ful with p!antlet •• 

3. Bffen of autri.. .tarter solutlODs lD enhanel .. tbe 
9rowth of the plantlets 

ne following starter .01utloD8 _re tI'184. 

1) IE _tr1eDt solution (wlth _ero aDd aicromltl'l_t.) 

at helf atreD9th, 'baYlftlil. pH of 5.'7 

11) At fertili .. ". solutloD UIJIK 10.12.10 vl1) haYl111 

.PR of J.7 

111) lIfap _ter a. tbe control 

Watering of each pot vith 1 a1 of the abo.e 

solutloas va_ done at weekly iate"..al.. ObaervatlO1ls vera 

.. de 08 foul' plaatleta per treat .. at on tbe height of tbe 

plant let a , the D-.ber of 1"'"8 as well.. tbe len;th and 

breadtb Of tbe lea •• s, thr .. ant_ aft ... p1aatlft.9 eMIt. 

... Hlstologlcal iD¥ •• tiptiou 

'or tbl •• toaleal .... al .. tion of tbe l".e. of tbe 

plentl.t_ (Just b.fore plllntiD9 out and after Ml'deD1n9) ana 

tbe fi.ld 9rGWIl plallts (to obs.rYe the difference, if e..,), 

the 1 ..... _re collected. aad fixed in'AI+. (for.lill J al, 

acetic acid 5 al altd 7. .t)aDOl 90 al) for 24 hour •• 

Tbe fixac1 aterial va. 4ehJdrat .. ill aleohal .eri •• , cl_ftCI 
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in xylol aDd _1'.414" ia ,.raffla. S.ctl01l8 (8~ - 11 ~ 

thtck) w •• c:Ift OIl a retary IdCS'OtClle, .talned ill 0 •• 

.. _~o.xy1il1 aDd 1RO\UIte4 1a OBIlII4a bal ... (Joba ... D, 1940). 

5. CytolOV1cal .-lI1nation of root tlp .~she8 

Roots (2 to 3 ... In leDgth) w.n excised. ....tr_t .. 

with 0.002 • 8-hydroxNlIiaoli_ for fi .... hours aDd fix" ill 

carnoy'. flaid (113 acetic acid I etlaD01) for 48 ho ••• t 

lOoe. Ifbe root ~1p8 w .... theft lIfdroly.ed for 12 miD ••• 1D 

lit lICl .~ lOoe _Dd .ta illed for 41 to 10 .1nllt.. wlth ba.ta 

Fuchsia. Squaahlft9 of the root t1,. w •• etone 1ft • 

aC8~ ..... aetft. )letapha.. plate ...... eDae"ed for .... rical 

aDaag •• of ahrOla08011ea (8 .... aDd abe.-. 1980). 

F. &~.t1at1C11l1 _ .. l,.i. 

'l"he "ata veaerated ,..- the •• rioWl exPert.ent. 

we .... ubjected to 8tatia~iaal analysi. In caapl.ely 

randcaiae4 dea19'ft, wher..,er _ ..... ry, a. per PaM .... 

S\1kbat_ (1978). 

Q. acon_1ea of production of jaakplaDtl •• 

'fhe co.t of productlCID of Jack plantlet ••• 1ag 

e.plaats f~ fr .. h ft. sprouts of .i .... .,.. ... old tne. _. 

WOI"1rec1 out ba." Oft tbe faoillti •• of the Tl •• ue Cult ... 

Labontocy .t the Collev. of Honlc:ultve, ha.tnv a .,..t ... 1 
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of .. lAt.~nlng 4200 cult~ •• for .ult1p11cetloa. 4200 

cult ... for ehoot .10 .... tl08. 4200 cultv •• for rootlDCJ 

and 1000 plaatl.t. 'OW .&'t!ea1D9. ODe selentlst 

(11.1400/- p.a.) aDd OM "'echn1c1aa fIt.l000/- p ••• ) ""I"e 

conaid.ret' nec •••• ry for: the vowk. Baa., on the rate of 

culture e.tebli.~Dt, ~te of Iftltipllcat1011, rocK1D9 

rel!pon •• of the sboots. the eurri..al of t .... p18nt1et8 a .. the 

.an_ capaclty of tbe Labol"atory, the n"'l" of plantlete 

which ca D be produc-' per y.a&- f~ 100 iD1 t 1& 1 explante va • 

•• tlate". !'he total co.t ioyol • .., per yea&- va. worked out 

beee<l Oft tbe G08t of wild1a;, equ1.-._. 9las ..... r •• , c~loal. 

ana .1scella_08a it_8 Mriav beeDdistl"JlN~ onr the 

,.a&-e .ccor<!1D1 to their poteDtialjcJtaral»illt,. ,.,... coat of 

production of 0_ jack plaatlet laclUl!lag one aOllth· • 

....... nlDQ ._ flDa11y wor1tec1 .-. 

II ...... IMIa 

A. Caltuce •• t.bll.~ftt (ataoe J) 

tt''' plant. of .'H'" easbEsaphylll sa-.6 '.rbcftll • 

•• al1abl. at tbe o.raa .. ntal va ret ell of tbe Colleq. of B_ti­

culture, .,.llaDl1tkara v •• ut111'" for tbe at.". Th. pUMa 

were quite _ture aDd wn ~. than '1 •• years oU. '"he 

d1" ... nt expla.\. vere '-Je-ea to t~ 1Il !itD aultlplleatica 

procedure. a. d.,cdbet' 18 "'ab1e 6. 
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,..1»1. I. I.D Ut;a multiplication procedun 

Method of .ultiplicat100 Bxplant 

1. .~noed rel.a •• of 1. Sboot t1pe 
ax11lalY bud. 

2. Axillary blld. 

2. SCII8tlc or9.nov .... 1a 1. &boot tips 

2. ~nt8 of leay •• 
(troll cultur.' 

J. Iaternocla 1 .~nt. 

4. SegR'ents of oyar:y wall 

J. Sc.atic ellbl'J'OC).".1s 1. 8.~Dt. of 1 ...... 
(f;c'Olll cult ur.) 

2. Shoot tlpe 

J. segaents of ovary wall 

- •• 
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'l'he .xplant. vel'. collected ana .. ehe4 1ft .~.I'il. 

di.tilled .. t.r .... ral t!ae.. 'l'bey' .... 1'. ~ben a9itated i. 

a aolution of 50 ~ •• corbic acid f. 30 atmat.a. It .. a 

followed by surface aterillsation with .. rcuric chloride 

solution (0.1" for 15 II1D\l~ •• ). 'tbe • ___ roy of the surface 

sterillsatioa tr .. ~nt. ie 9i ... 1ft ~.ble 1. 

'l'abl. 1. Surfac. sterilisation ~re.~.eD~1 

St.rilant 

Mercuric chlorld. 

S04iu. hypochlorit. 

CoaceDtret lon "', 
o.os - 0.20 

a.oo - 4.00 

5 - 11 

5 - 15 

'l'h •• xplants after avface .~.rilisation ,,_. 

rin.'" (at le •• t 5 tiae.) vith et.rile water. In the cae. 

of shoot tips, the 18l'ger 1 ..... vere re.,.ed .na t. 
apic .. cut beck to 1.0 ell l.ngth, a •• ptically. 'l'na lea" •• , 

intemodal seqaaente aDC! O't'ary vall "ere aleo aseptically 

cut. into 1.0 _ lonq ........ 'l'he exPlant. ver. then 

traul.rnd to the _diu. M ___ hive and Skoog (1962) 

..... iu •• ~ Andereonas (1980) ..,1_ VU. _ad for the studi •• 

'!'he venen l .ia y"n tecbDlque8 were the ...... 

adopt.d ln the c ••• of jac'k. 
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Detaila of the culture establishment trtal. are 

presented ift ~abl. a. 

1. Ob.e"atioa8 (Stave J) 

a •• 8tabli.~ftt of shoot tipe and lateral bad. 

'lbe obserYatioae OIl per cent surn .. l (cultun. 

vlUch are all~.) and per oent 9I'ow1a9 culture. were .... on 

fl". explants per treat __ after thJ:'e. veeke of culture. 

Bach treatment COIIbiaatlQD vas tried Oft three 

expl.nte enc! after four ve.ka of culture obserY.tiona ven 

.. ae on per cent explante ildtietlftg callus ani qrowth of 

callua. 

Growth of call .. wa ...... £e<! baaed on • vl.ual 

ratla; (wIth score 1 to tbe a.11 •• t and score 4 to the 

181'ge"t Co 11u8) • The _an acore "a. exPr ••• ecS a. the qrowth 

score (0). 

Callus Index (el) va. worked out by IlUltlply1DQ 

per cent explante 1nltlatiag _11 .. with the Growth score 

for •• t1Jating the OftAll .ffeetl"ene.s of treatments to 

lnduce e" •• pport tbll Il'owth of call ... 
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Jletboc! of _lt1- .spla. Growth I'eglllator treatJ8ents 
plicat10D 
•• 

1. Ifthaftc.... relea.. 1. Sboot tip 1. Kinetin (0.5, 1.0, 2.0 p~) 
of axillary btads (fl' •• h) 2. 8A (0.1, 1.0, 2.0 ppa) 

a) Call \UI proehl­
etlon 

b) Direct o"eno­
,e_si. 
(induction) 

J. SGlatic eJRbqo 
1 Dduction 

2. A.x11lary 
bud. 
(fl' •• b) 

1. Shoot tip 
(fr •• h) 

3. ,_ 41al1e1 set of ~ (0.1, 
0.3, 0.5, 1.0 ppa) ani 
kinetin (0.1, 0.3, 0.1, 1.0p~ 

4. 3d eolDbi~tioDS of ldDet1n 
(2.1, 5.0, 10.0 ) and ~ 
(0.1, 0.5, 1.0 M ) 

.. at tre8t~nt identified for 
shoot tip 

1. 4x3 combinations of ~ 
(1, 2, 4 ani 8 PPIIl and 
kinetin (1, 2 and 4 PPIIl) 

2. sevae.s of 2. 'xl aet of DA (1, 2, 4 aDc! 
leav.. 8 ppa) and SA (1, 2 an4 
(11'_ 4 ppm) 
cultun) 

3. Segments of 
overy vall 
(fnsb) 

1. Shoot tip 
(fresh) 

2. InterDOClal 
eeglil'! nt. 
(fr..h) 

I. t..eaf S~_Dt. 

3. 'xl .4R of LV" (1, 2, 4 and 
a PJa) ana M. (1, 2 .ftc! 
.. ppm) 

1. Cc.biaationa of BA (0.1, 0.5, 
1.0, 2.0, 5.0 p~) and 
kinetin (0.5 ~pa). 

2. co.b1aations of ld. .... tin 
(0.1,1.0,2.0, S.O pta) anti 
SA (0.05 9pa). 

(froa culture) 
lJower half of 
le.ina with petiole 

1.S~ tip 1. 2,4-0 (0.1, 0.1, 1.0, 2.0 ppa) 
(fre.h) 

2.Leaf .eg ... t. 2. 
(from cult\lJ:e) 

_xl COIIblnatiolUJ of 2,4-1> 
(0.1, 0.1, 1.0, 2.0 ppa) ani 
klftetin (1.0, 2.0, 4.0 .,.., 
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After th&' .. web of cult .. 0.enation8 wen 

_de Oil per cent explaata 1n1tiat1DQ c1iren ol'9al109_.ata 

and aultiplicatlon rate (the .\abel:' of .hoot. prodllce4 by 

an explant cJurlD9 tba ".e"atlon period). 

The ehewe obaerYatlou were _de 011 three explants 

per treat .. at and the ... n vorke4 CMft. 

After four w .. lca of inoculation oJoMert'etions "en 

recordea (tbr: .. explante per treatment) OIl per cer4 explanta 

initiating callus and 9r:awth of tbe callus. 

Growth acore (0) aDd callas t*lex (ex) wen work" 

oat •• at.ted earlier. 

a. Multiplication of propagule Ultage II) 

1. &aha_ed rel".e of axillary bud. 

e. StaDdarc1i •• tion of ._ic t)l'Oliferatlon .-elia. (BAt) 

A prel1ainary _perl_t with trsat_nt ccabi­

nations lnvolviag ~ 0.1, 0.1, 1.0 ppa and kinetin 0.1, 

0.5, 1.0 PJa wae condu~'" to .tana.1'd1 •• a baaic pcoli'.ra­

tion ~iua for the atiatlatioD of axillary .boots Ina 

sboot tip cultuns. Serial IIUc:ultwiag for f iYe ts... 
at 4-w .. 'k lDterv&l was doae 18 -tile ._lc proll'eI'atloa 
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-.dS:a to ...a •• taad the .flect ..... ltlp11catioa rat •• 

PJrolifentioa .f lateral bud .... t •• teCI with the be.t 

trel>tmeat ~:l.natlO1l ideatl11ad •• the _t effeatift for 

the proliferation of shoOt apex cult\lJ:8. 

b. Shoot tip Pl'Olifentioa • ., ~b of shoot t1p culture. 

Sttll!l .. wen eODdvcted to on.dine the effect 

of Yarioua ~PO.D4. on the IIUltiplicatlon pte aDd p"CIVth 

of shoot tips culture •• 'tbe •• al -.d:l.a _ployed, tbe 

.upplealnta aDd tbe different te.t oaapoUDCIa a"8 lDdlcet .. 

ill "'ab18 9. 

8.A 0.1 ppa -ad 1d.Detla 0.5 PPIl .... in the basie 

..elta for th .. e t .. ia.L8 wer:e l1xed w6ed OIl the results of 

the stoDClerc!is.tiOll of S .... 

2. OZVanovenesia (callu _edt.ted) 

eo.biaatlons of kinetin (0.1, 0.1, 0.5, 1.0 p~ 

ana BA (0.1, 0.3, 0.5, 1.0 ppa), kinetin (1.0, 2.0, 4.0 p~) 

and ~ (0, 0.5, 1.0, 2.0, 4.0, 8.0 ppa), SA (1.0, 2.0, 4.0 ppm) 

an4 DA (0, 0.5, 1.0, 2.0 ppa) wen tll'l" to induce shootl 

root f .. CIa crall_ of sbot tip cultures. '1'~ be.al _di_ 

va ••• C~llus fl'. the flnt .ubaultun va ••• ed for tbe .tUdy. 



1. 

2. 

3. 

4. 

5. 

.. 
MS 

lIS 

Table 9. Yari01l8 ccapoua5s (auxilla' cyto1t1n11l related .ub.tGnoes, cerbca 
.ourcel inorganic caaPGnenta of MS .. cU.) and Anderaon's -.di_ 
t •• tet! on the .. ltiplication rata and gJ:OWtb of ...... nda sboot 
a pex cultures 

Suppleaented with Treatments Leyel 

SA 0.5 pta + UDeti. 0.5 p~ Auxln. JU.A .. lAA 0.1, 0.2 .. 0.4 p~ 

BA 0.5 ppa + kinetin 0.5 ~ cytoldn1a- Meatne 10 .. 20, 40, 80 ~ 
related sulphate 
substance 

SA 0.5 po. + kiDet1n 0.5 p~ Carbon Sucro .. 2 .. 3.4.5" 
source 

lIS orc)aD1c 9rovth- 8A 0.5 Ps- + 1t1 nat 1ft 0.5 p,. Inorvan1c 1/4, 1/2 .. 1.0, 2.0 
factoca + sucro •• .. lta of MS ti.s-DOrEl • lladlua .trength 

<-cro en&! 
mero) 

Anderson's BA 0.5 ppa + 1t1n~ttn 0.5 p~ -



The exPlaat_/_lll fl'. the inductlcn •• U.wa "e" 

transferreel to MS aedi_ co.ain1nq lxl diallel ~laatlOft. 

of SA (0, 0.5 and 1.0 ppa) anCS )d.netln (0.05 and 1.0 ppa). 

a. Apical _hoot aultipllcatioll 

'rile" were four cult .. e. Pel' treat .. nt cOllblnatlon. 

ab.erYatloDs on the D18ber of s~. and length of thll loaoeat 

l .. f "e" I'8corC!4td after four w .. a of cultue. Ob.erY8tlou 

on fi.e culture. pel' .ubculturll11J wa. _de four " .. lea after 

subculture OD the • .-ber of .boot. produced, for the .erlal 

eubculturlDg trial. 

b. aegulatioD of .boot proliferation and growth of shoot 
tip culture 

'there were four to fl.e cultW:e. Per tre.t_nt 

COIDblnatloD. Observation OD the aumber of shoots, a\1lRber Of 

lee.e. ant! lenqtb of the l0D9 •• t leaf were rec:o~ed after fOU' 

"ee~ of culture. 

c. Organogene.ls (callue -.dlated) 

Obsenatlorul OD -9a.0I ..... i. ",ere taken after 60 

daY8 of culture Oft three calt1lJ:"88 per treat_at. 



71 

a. So.tic .-bryoid fo~tiOD 

Sa.at1c .~r.ro1d for .. t10n on 15 cultures per 

treat __ w •• ob •• rYed aft.r 80 days of culture. 

c. 1.D yiSrp rooting (StaV. III) 

~h. 6iff.rent f.ctor. (.nd th.ir 1 ••• 1.) tried 

for rooting of 1IUII ... Dda shoot •• 1'41 listed in ~.Dle 10. 

Shoots of >' 1.0 CIB leD9th weI'. selected frCIII the 9!'01ifention 

Mdi. aDd Wlet' for the root1a; .xperi_at. 

1. (I).erY8tiona 

Number of 4ay. take. for root initiation vee 

recC)J:'de(! on fi.e shoots per treataent. In additiGft, 

Per cent culture. with root. and the Dumber of priMr" roots 

vere r.corded .ft.r 50 de,.. of culture. Abnorma11ti .. OD 

t he root a nd shoot growt b w.re .1so record.d •• and WheD 

obB.rYed. 

D. Plenttnq out of plantLRs/.hoots to 80il (Stefl. IV) 

The tnt luence of the followill9 factors on the 

BurYt"l am •• tabliabaent of the pl.nllet. (shoots that 

'bad rooted !a X&tl'O) was ••••• aed. 



1. 

2. 

3. 

4. 

5. 

.. abl. 10. VarloWl factors t.sted (AUxins, In<x'9anlc c:a-poaenta of NS ..siUll' 
c:arbOD source, apr. ADderson·. rooting -.dlua) OD the J.a yi$ro rootla.g 
of ..... nda shoot cultur.s 

Suppl ... nted with Iatfgel 

MB (with 1/2 3d cClllblaatlOD 0.4, 0.8, 1.6 pr.wa 
coneentretiOll of IBA and IOtA 
of lDOI:CJanlc 
s.lta) 
)IS organic Sucros. • + lBA 0.4 p~ + lIS iDOl'9a aic 1/4. 1/2. 1, 2 
p-owtb- BAA 0.4 p~ Hlt. <-acro tl_s the _EWeI 
factor. and aicro) atrenqth .. DA 0.4 ppa + BAA 0.4 Pta Carbon 80Urce Sucros. 1, 2, 1, 4" .. Sucros • .+ .r 0.4, 0.6, 0.8, 1.0J' 

1M 0.4 pta + RM 0.4 ppa 

ADd.raon's Sucro •• 3" + 
1M 0.4 ppa + JIAA 0.4 lis-



I. After rootiDg U 'fi," 
a. PottiD9 -.41_ 
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The fol1owlag pot~ing _4ia were .sea for the st~y. 

(i) Sand + so11 + a_cung (1.1.1 v/v) in IDUt1 -pot. 

(11) Veraiculite ift .114 pot. 

(iii) Trice-2 ~rc1al pOts (fram Trice Iadla PYt.Ltd.). 

There were .... a piaDtlets per treatment. 

The potting 181xture. were autoclaved at 15 Pli for 

20 aiaute. aDd used after 10 daya. After root initiation 

the culture. were eXpOsed to high .. 119ht lnteneitie. (3500 lux) 

for one w.ek, after which traft8plaDtiD9 was done to the pottln, 

_!xture.. Jut b.fore tranaplantlag and at weekly interY81s 

afterwards, aavistln (0.0.) •• ',drenched to the pOts. 

b. S_1dity control 

Different method. were tried for .. tutein, h19h 

h_1dlty aroUD4 the transpleAted plantlets for a perioc! of thr~e 

we.u .fter transplanting. The aethode consisted of cCJYerin; 

the ;tOts witb 91 ••• beaker, plac1a; the pots in petri plate 

containing sterile water ¢Dd co"eri119 them with glass beaker 

aDd placin9 the pote in plastic basins eontainin, a thin layer 

of sand aa4 CO't'eriftV thea with IBicroaeope cOYers (tbick 

transparent pla.tic structure wit.h 60 ca height and 45 ca 



dia_ter at the base>. In the latter ca.e intermittent 

sprays of water with a band a prayer wal! done. 

2. Direct transplanting of shoots from the proliferation 
lII8C!Ii um • 

The .hoots grown in yitro "ere treated with DA 

at 5 concentrations (5, 50, 100, 200 and 400 ppa) and 

transplanted to a stanciaro potting mixture (~aoo .soil .dried, 

powdered cowd\1D9 1 at.1 "II..,) to Ob.ene whether or not direct 

transplanting in a nOD-sterile .. diu. would be successful. 

Shootl!!l 2.0 CJB in lenQth were .elected and dipped in 

sterile xaA l!!Iolution for 24 hour. before transplanting. 

There were fi..,. shoots per treat.nt. 

B. Statistical analysis 

The 4ata generated fro. the "Iarioul!!I trials were 

subjected to stetil!!ltical analy.is, in completely randoaised 

desiOft, whare"ler nece.aery, as par Panse and 8ukbat .. (1978). 

III. Breadfruit <Artocarpp .ltilia L.) 

CUlture eatablisbllent (Stave I) studies were _de, 

utilising mature breadfruit trees above 10 years old 

a..,.ilable at Jlannuthy. Due to the probl. of phenolics 

interference aJXI weak explant response the studies were not 

cont lnued beyond atage I. 
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!'be diff.r.nt explaat. wen _ubJected to cultur • 

•• tabliebaent tr .. t .. nt. a. gi9.ft iD !'able 11. 

"..bl. 11. .Ill yt'd .u.tiplicatioll prO<*'ure. 

Method of mult1plicatioa bplaat 

1. IDbanced relea.. of 1. Sboot tipe f..- _tun breadfruit 
ax1llel."J' bUl!. t ..... (abo". 10 years old) 

2. 8aa.tic organogene.i. 1. Shoot tipe 
(eellue .ediated) 2. Yo....., 1aflor .. cance. 

3. Sa.atic embryogenes1. 1. Shoot tipa 

'l' ..... xplants wera dipped ift _ .thanol for 10 

•• conde and thea thoroUCJhly •• Mel with aterile vater. 'l'hey 

were agitated ift a .01ut1on of a a.ro •• and o. '" WP 360 

for 30 ainut... Ifhe explanta, we" theft eurfac. aterili'" 

with _elO followef! bJ' Mrcuric chloride solutions. The deteile 

of the surface .ter1li •• tiOD treatmeata ~ viven in Tabla 12. 

"abl. 12. Surface aterili.atton tr~.t_nt:. 
of br .. dfrui t .xPlant. 

Steriloftt 

Sod1u. ~blorite 

concentration 
"') 

1.5 - 1.0 
Mercurlc O!alo&'ide 0.1 - 0.2 
Ca.biaatioa Of the beat t&'eat..-s 
of the a.,... (Serlal treat..-, 

• 

10 - 20 
10 - 11 
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~be explant. after surface .terilisattoa were 

riued (at le •• t 5 t1 •• ) with sterile water. In the case 

of shoot tioa the sheaths were re1llO'l'84 aDd the aptce. cut 

back to 2.0 em length a.epticelly. '1'be root t:l.pe and 

YOUD9 taflon.cellce were alao a.eptically cut into 2.0 ~ 

long .~nts. The •• pla •• were then transferred to the 

lRedia. -.arashive and 5.koog (1962) •• te llediua vas a ... 

for all the trials. 'I'be veneral Ja yitm culture techn:l.que. 

adopted were as described for Jack. 

The deta:l.l. of the trMtmeats of the culture 

•• tablist.ellt trial are Q1 ••• 1. Table 13. 

A. (I).enations 

I. BDbaDCed release of axillary ball. 

Obeervationa were _de 0. fi •• e.plants per 

treatment after J weeks of culture periOd on per cent sani .. l 

(cultur .. whtch are alt.e) aDl!l per cent CJI'OWiDQ culture. 

(fre.h Qreen and Qrowinv). 

2. S.-t1c orvanovenea:l.. (cal.l.U8 llediated) 

Bach treat_llt wa. tried OIl fi.e explant. aDd after 

I w .. 1c.a of inoculatton ob.ervattoJ1ll wen Mde CD per ceDt 

explant. ln1tiattDlil cellua aDd vrowth of the callas. 
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~able 13. C.lture establishment trial 

_ethad of .ultlpllcetiOD 

1. BDhanced relea.e 1. Shoot tip 1. 2.2 diallel aet of 
of axillary bud. 1d.ftet ill (1.0 and 

2.0 p.-) aDd DA-
(l.0 a .. 2.0 p~) 

2. IV. (2.0 and 10.0 DS-) + 
GA 1.0 P'-+ act1 .. ted 
charcoal 1 •• 

3. M. (0.5 ppa) aDd 
k1.netin (0.5 ppa) + 
GA 1.0 PJ8+ ac:ttftted 
charcoal 1 •• 

4. BA. (2.0 P}a) and 1M 
(0.5 PI*) • GA 1.0 POIa + 
.ctt •• ted charcoal 1.a. 

2. Sa.atlc ortJ8JlOge- 1. Sheot tip 1. 2x2 ~lallel .et of 
neas.. (cellua ltinet1Jl (1.0 ana 2.0 Pta) 
-.diated) and aA (1.0 anCI 

2.0 ppa)l 

2. Youtr 
lnflore.cence 1. 2,4~ 1.0 p~ kinetin 

1.0 P;F8. 

3. S~tic 1. Shoot tip 1. ;Z,4-1> (l.0 ps-) + 
.-bryogeneaie aettY8tea charcoal 1.<* 
(iraductlon) 



3. &o.atic ._1')'0ge .. s1a 

7 f' '-, 

After four weeka of lDOCU1.~10D obeerYa~lona vere .. a­
N fl ... explante pel" treatIMat Oft per cent explants 

inittatiDg cell .. and 9rowth of the cellue. 

IV. Pepper .<UPU pigrUII L.) 

Stage I aDd Stag. II studt.s vere attempted 

utilising three y .. r 014 pepper .inae •• ailable at the College 

of Horticulture, VellaDikkazoe. Due to •• vere problela of 

systaa1c bacterial pr ••• nc. 1ft thl _plants the stady could 

not be cont1nue •• 

Shoot aplce ..... noIal ..... ts of about 2.0 .. 

vere ueed for culture e.tablle-.nt .tuc.ie.. The explall'ta 

vere c!ipped in 95" etlanol for 10 eec0n4. aad thoroU;hly 

vaebeeS with eterile _tel". Tbe e:xplante Were aqit8t~ ift • 

solutiOil of 3 sucro ...... 0." PIP 360 for ~~ minute. aD! 

theft surface aterili.ed. '1'be (letatle of the surf&.ce ateri­

lie.tion tre.t..-t. le given 1n ~able 14. 

~.ble 1'. Surface aterili.ation treatment. 
of pepper e:xplam:. 

Sterilant 

1. Sod1 .. hypochlorU;. 

2. Mercuric chloride 
3. C0iU1nat1on of tbe beat 

treatmaDt of tbe .))0ge 
( •• I'lal tna'meat) 

CODc.ntr.~ioft 
fWt) 

1.1 - 3.0 
0.1 - 0.3 

'1'1ae 
(a11l-'el 

10 - 20 
10 - 20 



79 

'!"he .xplaat. after 8vfa .. lIt:.rlU.atloa wer. 

rl ...... Cat l .. at 5 times) wlth a'.1:"1l ..... t.r. '1'_ shoot 

'lps ana IlOdel • __ Ints "'1:". CNt baelt to 2.0clD asept1c:ally 

and trauferre<.'l to the -.41a. ., banl mec!1_ vas u.s 

foJ:' the trials. 'fhe ..... nl IrA yi," techlliC(1leI ac!!opte" 

wen a. 4e.CJ:'1~ fol:" Jack. '1'_ d.tel115 of the cultun 

e8tebll.~nt tr1al ar. 91geD 1. '1'able 15. 

""ebl. 15. Cult ... est.bll.~nt tr1el oa pepper 
explant. 

""hod of bplant. t'r .. t __ 
_lt1pll_t101l 

1. a'-tle 1. 8Mot 1. Id dlallel •• t of klnetla 
orpaove .. s l1 
(cell_ 

tlp (0, 1.0 .na 2.0 ~ end. 
~ (0, 1.0 and 2.0 ppa) 

-.dlate4) 
2. 2,4-1> (1.0 ~) 

). 2,4-» (1.0 ~ ... klDetlll 
(1.0 PJa) 

2. Modal 1. 1t1_tiD (1.0 Ppa) • .. 11M 
s-o.at (2.0 pra) 

.. ela tr .. tJleDt w •. tl'led Oil four explants .Dd 

aft.r thl' .. weeu ••• "atlon8 w.re _4. Oft ~ cent _pleat. 

1alt1at1119 callu8 aDd 9rowtb Of tbe callas. 
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'the detaila of ata.,. II aperiaents are qi •• n i. 

'table 16. 

'fable 16. atave II triala 

Method of 
."ltiplication 

1. ~tic 
or91ulogenesla 
(call". 
-.d1etecJ) 

B. Obeenatlons 

1. call .. 
(, ... 
a'" tip) 

2. call.a 
(f.,.. 
aoaal 
a .... t) 

1. 3d dlal18l aet of 
kinetin (0.,1 ana 2 ppa) 
aDd DA (0,1 al'd 2 ~) 

2. Kinetln (0.5 ppa) ani 
BA (0.5 ~) 

Bach treat __ wea triei on four explanta ana afteE' 

thr .. weeks ob.enatl01l8 wn .-'e OD per cent culture sbOw1DIJ 

shoOt diff_rentiatiOD,Per Gent cultures showing root 
differentiation aid ...... of roots per explant. 

Steg_ I 8tucU.e. weft __ utilislag the _tare net ... 

plante •• ailabl. at Me_thy. Due to the prob~ of 

phenolics aDd weak eapaRt na ..... the studies ¥ere ... 

continued. 



Al 

Shoot tips (al:MMt 2.0 ca) ..... ".ed a. explaate for 

IlicropropagatiOll thJ:Oa9ll enhanced relea.e of axillary b1ac1a 

a~ callus -.diated ... tic ozv.aow .... 1 •• 

!'he explant. ..~e 41ppe4 1n "" ethanol for 10 .econds 

and then thoroughly .. ahed with steril. water. 'l'be explaata 

"ere Ilg1tete4 11l a eel"'1on of • sucrose and O. '" PIP 360 

for 30 smate.. The explaat. were then surface sterillseel with 

___ curic chloride ao11l1:iOll (0.11') for 20 unutes. The ..... I'!' 

of the .urface .terilaDt tr .. t_... i8 gt.yen 1a "able 17. 

!'able 17. SUI'!ilC. at ... l1i.atiOD treatmeats of 
n.t ... explant_ 

Ster11ant 

1. Mercuric chloride 

CO ... ntl'8tioa 
"') 

0.01, 0.10 a. 
0.20 

10 - 20 

The explaats .ft .... urface sterillsetion .. re ri"." 

(at 1,,8t 5 ti •• ) witb "tvile water. The shoot tipe were 

then eut back to 2.0 _ lelllth aaeptically aDd were 

transfarred to the lledi ..... eal me<llu. wae used for 

the trial. !'he 9aaera 1 18 7"'10 technique. adopt" ware .a 

de.oribed for jack. 

It 

'l'he details of the treatmeat. of tba culture e.teblis .. 

• nt trl.1 are pre.erated 11l ".ble 18. 



~able 18. calt ... e.tablishment trial Oft aut ... 
•• plaat. 

Method of axplaat 
_It ipllcatloa 

1. .... DC .. 1. abioot 1. ~2 ellal1el .et of 'k1Detln 
1".1 .... of tip (1 anCl 2 PIa) aDd HM 
axl11a&y (1 aDd 2 p~) 
bud. 

2. at. U. 2 and' ~) 

2. S .. tic -Clo- 1. 2x2 diallel .et of 1d.netln 
ol'9a.DC9I ... i. (1 aDd 2 p~) allIS 11M 
(call .. (1 aDd 2 ppa) 
Mdiated) 

2. 2,4-1> (1 pr:-) aDd ltlnftln 
(1 pr-) + actl •• tecl 
cbarcoal 1 •• 

A. (I).eZ'Yationa 

1. &Ilbanced relea •• of axillary bud. 

(I).eZ'Yatlou eft tou _plant. "I" tr .. t .... after 

thn. we.ks ".1". -de Oft per ceat ... lyel (culturesvh!.eh 

are all •• ' a .. Per ceat 9I"ow1D9 culture. 

2. a~tlc ol:9aOOge-.l. (callus -.liatetS) 

88ch treat_at was tried Oft fl •• explanta and afte .. 

thl' ... eke ob.el'Y8tlans vere _de Oft per cent apaats 

lD1tiatlD9 cell_ and growth of the call ... 





uauura 

~. r ••• lt. 9 ..... at.. 1. the lnve.t19atloa 

CO*bl<:t.a .t the Plut '1'1 .... aaltun Laboratory of tbe 

eOlleteof JIonlCNlt .... , Yellaalk1laP .... PIr ••• ated 1. 

the follOWlq pafJ •• , cnp-"l ••• 

X. -Jack 

A. Cultue •• tabll..... <ata •• X) 

1 ••• tablls~at of shoot aplc .. aDC! lat.ral baIJ. 

aboot aplc •• a. latenl Jtua. ..cl.ea fraa 'n.b 

at •• prout_ of flye-yea. old Jack wen .-Jected to .... rioaa 

cultU"e establielaeDt tr •• t_ate .~ the results a •• 

pr •• eated la 'hlal. 19. A COIIb1aatloa of OA (l.0 ~) aDlS 

aetl .. ted alJaZ'OOlll (1", ..... lte4 1ft .. at per .. at • ."lwl 

all&! prod.c:tioa of hMlthf~ povlag elIltuns of .boOt apic •• 

ander da .. 'k conditio... Glbberellic add at 2.0 PJIIl ln 

~i .. tloft with actiYated charcoal (0.5 - 1.($) also 71el'" 

s1a1lar .... ult.. But the cult ... v.re 1 ••• baalthf anti 

tbe lea ••• vere '1'8911. which f.ll off at the .11wbte.t sbock. 

'I'boU9h _jorlty of tbe t .... ~at. I..tI slmilar .ffecta la 

t ..... of culture .ul'Yi~l (60.0 - 100.0..), t:18 re~ultiDl 

aaber of _ovia9 culture. va. far fl" •• atl.factory 

(20.0 - 40 •• ). auniftl of tat.pi bu.cl. v •• 1007' at ca 



84 
-rule 19. affect of dlffennt tnat .. nte on the 8Un'lftl 

and 91'OWth of the jack shoot apex cult ... 
(y1a eaUactH1 rel ... e of axillary bud.) 

••• al -"i_ ... 
5UY1 .... 1* CUltans* 

'l'reat_. • cultures exhlbltlD1l 
ali •• ) 9rovth fJ') -

Win.tin 2.5,A111 ... lfAA 0.1,w 40 0 
II ... It 0.1,... 40 0 
II + .. 1.0,Adl 40 0 

kinetln 5.0,l41M + ..,. 0.1,4111 60 0 
.. + II 0.1,- 40 0 
.. + .. 1.0,- 60 0 

kinetin 10.0,.. + MA 0.1,A111 60 0 .. ... .. 0.5 ;Call 20 0 
.. • II 1.0/lfil 60 0 

8A 2.5 .AaM • lIM 0.1,... 100 20 
.. • .. O.I~ 80 0 
.. ... .. 1.0.Ail' 60 20 

SA 5.0,- ... D.A 0.1,611 100 0 
II • II 0.5,.wt 100 0 
.. ... II 1.0,tll 80 20 

BA 10.0~ ... DA 0.1,... 100 0 
II • .. 0.5,6K 60 0 
II ... II 1.0.AIII 80 0 

R.u. 0.2 PIlI .SA 0.5 ... 40 20 .. ... II 1.0 ppa 100 20 
II + .. 2.0 ppII 80 20 .. + .. 10.0 ~ 20 0 .. + .. 20.0 ppa 0 0 

I1AA 1.0 ppa +8110 0.5 P" 80 0 
II + .. 1.0 Pr- 80 0 
.. ... .. 2.0 Pr- 40 0 .. + .. 10.0 ppa 60 0 
.. ... II 20.0 Pta 0 0 

(Conti! .) 



Table 19. (Contlnued' 

IAA 0.1 A* ... BA. 2.1/111 

+ It 5.0'­
+ It 10.0)4IM 

1M 0.5,GM + SA 2.5 Jdt 

.. 

.. 

.. 

.. 
1M 1.0jbN. 

II 

.. 

... .. 5.0;41N 

... tI 10.0j\lll 

... SA 2.5,... 

... .. 5.0,Adl 

..... 10.0,-

SA 0.1 p~ ... 'lttnettll 0.1 pc-
.. 
.. 

... 
+ 

.. 

.. 0.2 Pta 

0.1 ppII 

BA 0.2 ppm ... kinetin 0.1 ppa 
.. +.. 0.2 ppa 
.. ... .. o. J ppaa 

SA 0.:1 PPII ... 'kinetin 0.1 Pta 

.. ..." 0.2 ppa 

.. ... It 0.1 ppa 

Sun tva 1· 
(" cultur. 
all •• ' 

60 
100 

100 

80 
100 

80 

100 

60 

100 
60 

100 

100 

80 

100 

100 
60 
80 

100 

GA 0.5 ppa ... Activated charcoal 0.25" 100 
100 

100 

100 

100 

.. + It 0 •• 

.. ... • 
GA L 1.0 PIB ... Actlftted charcoal 0.2. 

.. ... .. 0 •• 
tI + 

GA 2.0 ppm ... 

.. 

.. 
1.<* 100 

0.25" 100 
II 

.. 
... 
... 

.. 

.. 
0._ 
1 •• 

GA 1.0 P!2Il 

100 
100 

60 

• - Averag. of fl.. Obs.rvation. 
Culture period - thr.e v .. lee 

R5 

CUltur.· 
exhtbttiftCJ 
CJ~h (") 

o 
20 

o 
o 

40 

o 
o 

20 

o 
20 

o 
o 

20 
o 

40 

o 
o 

20 

o 
20 
o 

40 

'0 
100 

60 

100 

100 
o 



1.0 - 2.0 ppa wlth aatl •• ted charcoal (0.5 - 1.0J'), but 

qrovlng cultur.a wer. too few (0 - 20.<1'). 

Sl19ht elongatioa of shoot apicea wa. obaerYed 

In aboat three wee'ka of culture (Plate I). By thi. t1M, 

uDfurllDQ of the 1 ..... aoaaeDCe4. The cultur •• w.re 

considered to ha .. beeD •• tabli.bee! whan the unfurlill9 reached 

a .atisfactory 1 ... 1 (Plat. 2). 'l'his stave waa r .. che4 .1x 

w .. ks .fter lDoculatioa i. t'be ca •• of .hoot apic.s. Th. 

nspon •• of the lateral JiNda vas slow.r and inferior to tbat 

of the ahoot aplce. (treble lta). 

'l'hough pre-cult.e tr_t_nt. llke ahaldDCiJ the 

.xplant. in _oluble PIli (0 • ."...) for 10-45 ain., tri.u.D9 tlw 

explants at low t_pent •• a" culturi. t .. at Hduced 

119ht intenslty were e~07ed, the probl .. of oxidatlon of 

phenolic. persiated. 'f'be .... rity of thie problem v.a uniala 

"heD acti.ate4 charcoal (l.t"n va. iacorporatec5 to the 

_diu. •• pecially 1n ~iDatiOil with GA) (Plat. 3). DuriftIJ 

tbe aultlpllcation of propaqule (atav_ II), incorporation 

of lnsoluble PIP In tbe _di ..... fouM to .ff.cti •• ly 

.1nl... the preble. (Plat. 4). 

2. SQlBtic orgonOQ •• _i. - call". produ<*lon 
a. Shoot aplc •• 

The .ff.ct of tlw tnat __ e 1mrolvlnv e<abiutioDII 

of 1t1Mt1n and lCAA, BA aDel 11M, aDd SA aDC! 2,4-D Oft initiatlon 



Plat. 1. Jack sboot apex fcaa & •• h st .. sprout (sourc •• 
f1 .. ,.ar old tr .. ) la the •• tab11s~at -.d1 ... 

Heqn1flc&tloa. x 1.16 

Plat. 2. Jack sboot apex fl'. f" .. 1l at. 8PI'CMlt (aourGe' 
f1 •• ,.ar old tn.) .ft ... aiX ""D 1a tbe .. tab11." 
_at "'1~, sllowlag ""'111'11119 of 1_ ... 

Jteqa1f1eet1oft. xl •• 







'l'able 19a. affect of t:h. treatments identified as praaislllCJ Oft the sunoi .... l aDd 
growth of jack shoot apex aDd lat.ral bud cult... (V1Cl .nhanced 

Treataent 

r.l .... of axillary buds) .... 1 -.d~ ... 

a •• pons. of shoot apex* 

SUrYlval·· Cu1tures·* 
'" cult:ur.. .-hlbitiJ19 
all •• ) 9Z'OWth"') 

a •• pon •• of lateral ~ 

Survival'" 
~ cultures 
ali .. ) 

Cultur ...... 
exhibiti., 
growth ~) 

GA 1.0 Pta + ActiYated cbBreoal 0 •• 100 

100 

40 

100 

100 

100 

o 
20 • + • 1 •• 

GA 2.0 pr;:a + Activated chaE'Coal 0.'" 100 

100 

100 

100 

100 

100 • + • 1.,", 

* - Resulta reproduced froa previous eltl)eri ... nt stated in Table 1 

•• - Average of five Ob8erYction8 

Culture periO«! - three weeks 

o 
o 



of callu., call .. fJl'OWth UPI' ••• ec! a. Growth seore (0) aDd 

callus in4ex (eI) vas ....... d • ., the re.ult. an pre.ented 

in 'fable 20. 

AaOftg tbe treat__ COIIbiaatioDB ilft'olviD9 'kinetin 

anCJ &A, the h19h •• t CI •• 1 .. (180.0) we. obtained at 

kinetin 1.0 ppa + JIU. 2.0 ppa. The eI •• 1 ... of the re.t of 

the treat..- c-.binatioaa wen 100.0 or below (Tabl. 20). 

It. cOlipari.oD of the _n el val ... of tbe levels of lIAA ewer 

the l ... la of kinetin ~ppeaaix ~l)ahawec! that BAA v •• .or. 

favourable .t 2.0 ppa (el • 106.66) t'ban at the other level. 

tried. AIaoDIiJ the lftrela of kinetin, a cOIlcentntion of 

1.0 ppI8 yielded the higheat eI v.l_ (86.66). callus index 

at kiDetin 1.0 and 2.0 ppa a.creased with BAA concentration 

abewe 2.0 Pta. call". iDdu r89istered by ftriou. levels of 

~ at the highest concent.:atiOD ' •• 0 ppa) of kinetin vas 

n891i9ibl. (0 - 20.0), a. the tnatlDllnt. wen poor in 

.ffeat1aq the initiat10n (callu initiation 0 to 2~) and 

Growth (0 • 0 - 1.0) of the callu •• 

AaODq the treat_lit COIIbiaatlone iDYolviaq BA aaa 
NM, BA 1.0 pra + BAA 2.0 P .. r.Clo~ec! the highest eI value 

(1.0.0) • The el .. lue8 of the nat of the treat •• nt. w.re 

120.0 or b.low <'rable 20). It. cotapari801l of the .-an el 

val" •• of the level. of ..,. ewer the l ... ls of BA showec1 that 
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Tabl" 20, ~ff"ct Qf ditf""cont treatments on the pror<uction "r~J qrowth of calli from !'hoot 
!lpex MH' int,,,rncxHl !'egm~nt cultures of J,~ck (.,,,r. t. somatic organogenesis) 

Basal medium s MS 
-.- ----.-.-- .--.---, .. _-- ._-._. --- .. ""------- - ... ---- .. 

__ ._._._. __ . __ . ___________ a_. ____ ~ ___ .. ~. ___ 

------, 
Shoot apex culture Internodal segment culture 

,-----"-- .~-- -- .---.----
Treatment Cultures Growth Callus Cultures· Growth Callu,,· 

initiating" score" index" initiating score· looex 

callus (") (G) (Cll callus (") 
(G) (eI) 

- .•. -~--.-.---.-.----- - -_. --.-... -." - .. --_. .. _._.---- -.-.--

ki net: l.n 1 .. 0 ppm + NAl 1.0 9fJCA 40 1.00, 40.0 40 1.00 40.0 
+ 2.0 r>pm 100 1. 80 ],80.0 60 1.00 60.0 .. 4.0 opm 40 1.00 40.0 60 1_33 79.8 

8.0 '"'>PIIl 0 0 0 0 0 0 

kInetin 2.0 OOln , 1-UV, 1 .. 0 ppm 0 (l 0 0 0 0 
t 2.0 9p!D 40 1.00 40.0 0 0 0 
+ 4.0 ?PID 130 1. 25 iOO.O 20 2.00 40.0 
l- 13.0 ppm 40 1.00 40.0 0 0 0 

kinetin 4.0 opm + NAA 1.0 9!D 0 0 0 0 0 0 
+ 2.0 ppm 0 C 0 0 0 0 
+ 4.0 ppm 0 0 0 0 0 0 
+ 8.0 oorn 20 J "O0 20.0 0 0 0 

8A 1.0 !')oco , NAJ;, 1.0 pom 130 1.00 80.0 40 1.00 40.0 
+ 2.0 apm 100 1.40 140.0 60 1.00 60.0 
+ 4.0 o!XII 100 1. 20 120.0 20 1.00 20.0 
... B.O PPIII 20 l.00 20.0 60 1.33 79.8 

SA 2.0 com t NI\A 1.0 ppm 0 0 0 0 0 0 
+ 2.0 porn 40 1.00 40.0 20 1.00 20.0 
+ 4.0 9!X11 30 1. 2~ ]00.0 20 1.00 20.0 
+ 13.0 Dom 20 i.O(: 20.0 0 0 0 

SA 4.0 Onrn tW'o l.v oom 20 1.00 20.0 0 0 0 
2.0 npm 20 1.00 20.0 0 0 0 
4.0 opm 20 1.00 20.0 20 1.00 20.0 
8.0 "om 40 1.50 60.0 0 0 0 

AA i.v ;};'~!1 " 2, :j ,1) 0.1 ;'pIT' 20 \ .00 20.0 0 0 0 
'l. r.'., orrn 100 1.20 120.0 60 1.00 60.0 
1.0 oan 101) 1.4(1 140'.0 60 1. 33 79.8 
2 ~ 0 !)rx!l 40 ' .on 40.0 0 0 0 

RJ. i. n ~~, r\, 2 • ..l-D o ~ i "O!lt 0 0 I) .20 1.00 20.0 
0.~ :"pn, 40 1 ..,0 (~ 10· .) 20 1.00 20.0 
1.0 ()Dnl 60 ; 40'" '"}O .. C 20 1.00 20.0 
2.0 ::lorn 0 (\ 0 40 1.00 40.0 

HA ,1.0 " ,.p • 2,~ ') O. i aom 20 ' • O~) t). n 0 0 0 
O.~ GPI" 40 1 ~ 0(' I). 0 20 1.00 20.0 
t .1) ·,t-uo 20 i . ')n I' n 0 0 0 
.: . (' :-)prn 10 ,-" 'i.I\ (1 0 () 

;~Vt?' ,- I'·~t· ,)( f1Vn. OI)~~rv(1 t '( if)' 2J 
C.d i ' \..ll·~' ''''~r 1. ~~ t- ~H ~ ... W~f.).· , c= 
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RAA wa. _ra favourable at 4.0 Pta (CI • 80.0) than at 

the other leY_is (Appendlx 1.2). Mong the 1 ... 18 of BA, ,. 

1.0 Pl'lIl r.c~.c! the bigh.et CI .. 1". (90.0). Callus inc!.x 

at BIt. 1.0 PPIl vaa foUDd to decrea •• with BAA aboY. 2.0 "PIl. 

CI values of lD.A 1.0, 2.0 ana 4.0 ppa w.r. fount' to b. 

reduced at higher l • .,al. Of BA (2.0 and 4.0 pta), whl1e 

~ 8.0 ppa regi8terea a ali9ht iacreas. with incr.a.in; 

concentrati0D8 of SA. 

MoDO the ex .,..lue8 of the tr.atment cOlllbination. 

involvibQ' flA a11ll1 2,4-1). the hlgheat value (140.00) was 

reeord.s by BA 1.0 ppa + 2,4-D 1.0 p~. The eI value. of 

the r.at of the tr.at_ate "are 120.0 or below (Tabl. 20). 

From a co.-partson of the _n el ".1"8 of the 1 .... 1. of 

2,4-1:) ov.r the lev.l. of BA (APIlen4tx 1.3), lt could b • 

••• 1'1 that, 2,4-D w • .on, favourable at 1.0 p~ (el • 13.33) 

than at the ot:lwr l ... la trled. Mont' the lev.ls of 

SA, 1.0 Pta r.corded the hi9beft el value (80.0). Callu 

l~ice. of the l ... ls of ....... 1'. found to d.crea •• with 

2,4-D above 1.0 p~. 

AIaonq the 36 treat_at c~l .. tlon. trlec!, the 

h19h •• t nUBber of culture. lDltlatlDQ cal1u. (100.~), the 

best Orowth scor. (G • 1.8) aDd the best call"8 ina. 
(el • 180.0) wen r.c~e4 by the treatment CGIIIbil'l8tiOl'l 



Plat. 3. Jack shoot apex fro. f"lh st. sprout (Source' 
fi •• ,..1' old tr .. ) abowlag calture .stabllshment. 
IJ'h. probl_ of polYP_DOl 1 .... ,-._. _au.- wlth 
acti •• tecS a_reoal (1.«1') lac_pont., lD .. _di_ 
eontalD1D., (I..., U.O pta) 

_plflcetloD. x 1.46 

Plat. 4. Jack shoot apex frOID fr •• h at. apro\ft (aource. 
flYe ,.ar 014.'1 tr .. ) 1ft the p&'ollf.cetlOD .tM!i •• 
'1'he prolal. of polypheaol 1 •• d ....... II1n1m. Oft 
addltlon of la.1Ubl. PIP (SOO ppa) to the 8A1 

"'981ftoatioDI x 1.3. 
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'kinetin 1.0 P1;a + IMA a.o PPII (Plate 5). 0Il1y eic;rht 

treat_at. recorded callu. initiation 1n aore than 50.0 

per cent of the cult.... !'vo treatmente effected 9rowth 

score above 1.5. a .... treat.nt. recorded eI value. aboy. 

75.0. The 101tlatlon and 9rowth of call"8 vaa poor In 

most of the other tnat_ate. SA 1.0 ppm + HAA 2.0 P!;8 

aDd BA 1.0 ppII + 2,4-D 1.0 p~ ("ith 100.0 per cent calla 

io1tiat10o) recorded a lower poowth ecore of 1.4 and CI 

value of 140 a. cOlD\l&red to t.be beat COIIbinatlon i~.ntlflecS. 

The data pre.eat., In 'fable 20 ebeN that a...,.. the 

treatllleftt ccablnatione !wolring 1d.netln .ftC5 BAA, the 

highest Cl value (79.8) va. reeoJ:'ded by kinetin 1.0 p~ + 

lCAA 4.00 p~. CI valu •• of the r.at of the treat_at. were 

60.0 or below. 

'fbe treat.nt caUl_tlona lrwolvlftg blgher l.vala 

of BAA (8.0 ~ aDd klaetla (4.0 Pta) were totally 

ineffective for the productl. of callus fEOla lnternoClal 

sev-nt. (Appentllx 1.4). Only ODe treat_nt cOllblD1ltlon 

v1s. kl .. tlD/JIlt.A cClllblnaticm 1.0 + 4.0 p~ recOrded CI 

value (79.8) aboye 75.0. eI val ... of the rest of the 

treatlNota were 60.0 or below. 'l'h ... an eI .. lues of )dnetln 

.bowed 4ecllnla; trend with incr ... 1ag l •• ela, where •• aA 



Plate 5. callu product1on froa Jack .boot apex culture 
(Source' f 1.. yeer old tre.) Oft lIS -.t! iwa + 
kinet1n 1.0 PPII + 1VJ4 2.0 ppa.Cflllu Index. 180.0 

MaQn1f1cet1on, x 1.93 

Plate 6. call .. production lrCla YO\lll9 inflore.ceaae explant 
of Jack (Sourc., ten year 014 t .... ) Oft'" -.di_ -+ 
2,4-D 0.5 p~ -+ kinetin 1.0 ~. Callu Ina •• 100.0 

llaQnificatiofU x 1.24 
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r •• pondeCJ fayourablY' f~ 1.0 to 4.0 ppa. The higheat ... n 

ex .al •• of kinetin (44.95) a!XI MA (39.93) V.I'. recordec! 

at 1.0 ppa end 4.0 ~, reape~iyelJ'. 

Ala0D9 the combinations involy1119 SA and MA, the 

!laXi ... ex value (79.8) wa. recorded by SA/NAA cClllbination 

1.0 + 8 •. 0 ppa. 'I'he r_in1119 treatments r89iatered ex 

yalue. of 60.0 and below ('I'able 20). 'I'he highest .... n ex 

"alues of BA (4S.95) and ItAA (33.33) vere reconJec! at 1.0 ppaa 

and 2.0 ppaa, r •• pectively. '1'he ... n eI Yillue of 8A deer .. s. 

with incr .. aiD9 leyels, wher_s BAA registered an incr ... il19 

trend except at 4.0 PID (ApPendix 1.5). 

SA 1.0 ppa + 2,4-D 1.OtI p~ l'89ist ... d the hiqheat 

ex .,.1.. (79.8) aIBOIlQ the treat_nt COIIb1nations of BIt. and 

2,"-1). 'I'he ex values of the reat of the treat_nte were 

60.0 or below (Tabl. 20). A compar1son of the _an ex 

"alue. of the 1."e1s of l,"-D 0ger th4t 1 ..... 1. of SA showecS 

that 2,"-D was more fa"ounb1. at 0.5 and 1.0 ?;)pIIl (33.33) 

than at the other two 1 ... 1.. Monq the le.els of SA, 1.0 pPII 

recorded the h1qbest ex .a1ue (3".95). eI values deereased 

with 1ncr_aift9 concentrations of SA. Th. respOn •• of 2,4-D 

decreased drastically with concentrations above 1.0 ppm 

CApPelK!ix 1.6). 

In gen .. al, the .ffecti .. neas of the 36 treatment 

ca.blnatlona wa. poor with revard to initiation and 9rowth 
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of the callUll. ODly 81. treat .. at cOilbinat1on. recorCIed 

above 50.0 per ceat .. llv 1D1t1ation, the highest -val_ 

(60.0"-) belng recorded by 1d.DetlD/MAA combination 1.0 + 

2.0 PlB and 1.0 + ~.O P1i81 BA/BAA cOlBbination 1.0 + 2.0 

and 1.0 + 8.0 P~I ana SA 12,4-D CCIIDb1nat:1on 1 + 0.5 pta 

aDd 1.0 + 1.0 PJ:D. MOCSerate rete of cellus grovth (0 - 2.0) 

wa. ob •• "-' only 1n k1_t1D/MA cOllb1nation 2.0 + 4.00 Pia. 

Ia all the other tr~at_nt8, cell •• CJrowth wa. poor 

(0 - 1.31 or below). The hig .... st eI .. 1118 (79.8) was 

recorded by kinetiD,lllAA ~i .. tion 1.0 + 4.0 POll, BA/~ 

coabinat1on 1.0 + 1.0 opm ena BA!2,4-D caabinat10n 1.0 + 

1.0 ppm. The eI val._ 01 the rest of the treatments were 

below 60.0. 

The data on callus production. frOll l.af s~nt_ 

ar. pre •• nted 1n. Table 21. ",. GIlly treat_nt COIDbinatioD8 

which recorded callus initiation. Irexa more than 50.0 per cent 

of the e.plante vere B¥2,4-D cGllbinat:ion 2.0 + 0.1 p~ 

(60.0"-) ant! 2.0 + 0.5 ppe (60.<*). only 16 of the 36 

tr .. t_at. were able to initiate call... h'en in the.e, 

the Growth of the callus wa •• low ana poor (0 - 1.00). 

'I'he ... i.- eI .. 1_ (60.0) was reQiaterecS by BA/2,4-D 

cClllbination 2.0 + 0.1 PPIa aDd 2.0 + 0.5 ppa. Ifhe eI .. 1._ 

of the other fourteen tr_taents were 40.0 or below. 
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~. aoot tiPi 

The re.ulte of 91'OWth suatanee treatment. Oft 

callus proeuetioa f&'CD ill y1," forMd root tips are 

... e.ented in Table 21. 

MoD; the treatllellt COIIbiraatiofts i_olving lt1netin 

and IIAA, the highe.t eI velue (80.0) va_ obtained at 

1d.netil\l"RAA CCIIb1natioD 1.0 + 1.0 p~ ('reble 21). The ... 11 

CI values of ki ... tin ahoved decreasing trend with increasing 

levels, the IaOst favourable level beillQ 1.0 Pt2il (CI 59.9). 

The fayaucble l .. el of lU.A va. 2.0 ppa (CI • 39.93), above 

which the CI values 4ecrea." (Appendix 1.7). 

The eI value (60.0) reaorded by !1A/!fAA c~1ftatiCft 

1.0/4.0 p~ was the h19best a.JIg tbe oOllbiaationa inYolYift9 

SA and IU\A. The CI values of the rest of the treatment. 

were 40.0 or below (lrable 21). 

MoD; the tr .. tlleDt ca.blutloDB inYolvi89 8A 

an&! 2,4-D, the highest "1 .... recorded by BA/2,4-1> 

COIIbiD8tioll 1.0 ... 2.0 p~ (100.0). The eI values of the 

r.-1I'11Dg treatments were below 80.0 (Table 21). CaaparisOll 

of _n eI "alues of SA o.-er tbe level. of 2,4-1> showed 

tbat SA effected a decn •• illCJ trend with 1110r ... 189 !e"el •• 

It wes obeen" that 2,4-D ..... aoet favourable at 1.0 ppa 

U.ppeD41x 1.8). 



The initi.tiCID aD&! 9rowth of t~ cellu. va. poor 

in _Jority of tbe tree~llt. wben explant. froa root tips 

were u.ed. only .ix tr_~Dt. recO!:'dec5 callus in1ti.tiOll 

in .bo .... 50.0 per cent cult .... , wo tr_tments .ffecte4 

growth acore of .bOYe 1.5 anel ail' tnatJnenta recorded eI 

yalue. of aboY_ 75.0. 'fhe _xi __ callus initiation (80.,",) 

was recorded by kinetiD/MA ccabination 1.0 + 1.0 Pl* ani! 

SA I 2,4-D COIIbination 1.0 + 2.0 ppm- The rest of the 

treat.ents r89ietered callus initiation of 60 •• or below. 

The higheat growth scon of callua (0 - 1.5) was recorded 

by k1neti~ c~inatioD 1.0 + 8.0 and BA/RAA coabination 

1.0 + 4.0 PJIID, wbtle tlle _.i_ CI yalue (100.0) wa. 

nvist.red by BA/2,4-D cOllbiaatiOD 1.0 + 2.0 ppm. CI y.lue. 

of the re.ininq treat_nta wen 10.0 or below. 

Coainations of SA. an4 1d.netin were tried for 

the induction of direct 0rtaDog_neei. frca 111 yltrq formtd 

shoot apic •• , internodal sev-ents, lower half of 1 ..... 

with petiole and upPer balf of l •••• e. Rone of the tr .. t­

.. nt. tried w.re succes.ful in inducillliJ direct orqaD0ge.sl. 

!rca the explaftt5 used. 
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". S .. tlc elll:tryoi4 iDd1lGtlOft - call.s productlon 

The r.sults obtalned OIl the lnductlon of scxutlc 

.mbryoi4s fl'. shoOt a pic .. , int.rJlO4al •• Q_nta, leaf 

s"aents, aDC! J'OWl9 1Dflonscences, wlth tbe 4iff ..... nt 

ca.binatiODs of 2,~ and k1Detin ar. pr.s.nted ln Tabl. 22 • 

• 0 direct s~tic .-bryo~ focaation wa. observed. Call •• 

was induceeS by the treatlDeftta fl'Olll the dlff.r.nt explant. 

tried. 

a. Shoot apic •• 

.... Jorityof the tnataents tri .... were not .fficient 

ln In<!uciD9 callWl froll shoOt apices cultured. a.spons •• 

were ob •• ".. only for fi •• of the 12 treatme._ trl.4. 

B.at oall\18 inltiation (100.0), fJl'OWth score (Q • 1.67) 

and callus index (eI • 167) weI'. r.cord .... by 2,4-D/ld.netin 

comblnation 1.0 + 1.0 'P~ an4 1.0 + 2.0 PPIIl (Tabl. 22). 

A comparison of the ... " CI .alu •• of kinetin oyer the 

~iff.r.ftt l ••• ls of 2,4-D showed that kinetin ves most 

f •• ourabl. at 1.0 'P~ (eI • 16.75). The CI value of 2,4-1> 

showed an incna.i:no trend upto 1.0 ppm after which then 

vas • drastic reductlon (APS-Ddix I.9). 

b. Int.rDOdal sev-eDts 

The re.pons. of the iat.modal .~nts to the 

.ariou_ treatments vas also poor. Oaly on. treat_nt 



2,"-D 0.1 

0.5 

1.0 

2.0 

2,4-n 0.1 

2,4-1' 0.5 

2,4-n 1.0 

2,4-n 2.0 

T~ble 22. Effect of different treatments on the Ll~uction of somatic embryoid~ (callUd induction) from shoot tip, 
1nternooal segment, leaf segm'9nt and Y':lUng inflorescence cultures of jack 

Basal lIIediUII z MS 
-.---.-~--.-------.---~----- --.-.--- _._-<_._---- --.-.- ---

Shoot apex Inter-nodal ~egment Leaf segment Youna inflorescence 
--~ -.--.---

Tr~atment Cultures· Growth· Callus' Cultu.L'6s* Growth· Callus· Cultures· Growth· Callus Culture!"· Growth· Callup· 
in1tia- score Index 1nitia- Score Index initia- scOre index 1n1tia- score index 
ting ting (G) (CI) ting ting . (CI) 
callus 

(G) (CI) 
callus callus 

(G) (CI) 
callus 

(G) 

--~---"-----

(%) ..... _ .. _____ 00 ______ (") - (") 

P1':lll + kinetin. 0 npm 0 0 {) n.3 1.0 33.3 0 0 0 100.0 1.0 100.0 
ppm + 0 0 0 0 0 0 0 0 0 0 0 0 
ppm + 33.3 1.00 33.3 0 0 0 0 0 0 66.7 1.0 66.7 

PPm + H.3 1.00 33.3 33.3 1.0 33.3 33.3 1.0 33.3 33.3 1.0 31.3 

Ppm + kinetin 1.0 "pm 0 0 0 33.3 1.0 33.3 33.3 1.0 33.3 100.0 1.0 100.0 

+ 2.0 ppm 0 0 0 100.0 1.0 100.0 33.3 1.0 33.3 0 0 0 

Ppm + ltineti" 1.0 ppm 100.0 1.00 100.0 33.3 LO 33.3 66.7 1.0 66.7 100.0 1.0 100.0 

+ 2.0 npm 0 0 0 33.3 1.0 33.3 0 0 0 0 0 0 

ppm + kineti n 1.0 OJX!' 100.0 1.67 167.0 0 0 0 100.0 1.0 100.0 33.3 1.0 33.3 

+ 2. ;, '~orn 100_0 1. 67 167.0 (\ 0 0 33.3 1.0 33.3 0 0 0 

porn + klnetl.-. 1.0 !'1om 0 0 0 0 0 0 0 0 0 33.3 1.0 33.3 

+ 2.0 n,rm 0 0 0 (; 0 0 0 0 0 0 0 0 

-----. __ ._------ -- - -- ---_.- --- - . - M __ •• _______ ... _-- _._--_ ... - - ._-- ._-- --~ ----- --------.-- --_._-- - ---~---_._----------

.. ~ Aver<ICle of three- ob.:-:erv~t:ion~ 

C:1Jturp r~"'rlod - four \o.'PPY,f 
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(2,4-D/ldnet1n cClllbl .. tloa 0.1 + 2.0 ppn) A9ister" 

JaCdera~. callus 1 __ •• lue of 100.0. The el vc lue8 of 

the "_llling f1.e t'""~_at. lDlt1atiDtJ callus were 11.11 

(!'able 22). 

'l'he le.f .~8 8eject" to the various 

t .... atmeDt. also exhibit .. poor perfoJ:llance. ODly a 81891e 

treat .. nt (2,4~~t1n co.b1nat1OD 1.~1.0 ppa) 

rec;iste"c5 a ex value of 100.0. callus was ... n 1n1tiatec1 

in 100.0 per cent of the culture. receiv1nv thitl treat_nt. 

!'he ex values of the ren of the treatments were 11.11 

.xcept in the ca •• of 2,4-D/ld.net1n combination 0.5,"':'1.0 p~ 

where the el value was M.7. 'l'he 9rowth scon recorded by 

all tbe effect1.e treat_nta Wel"e the .a .. (Table 22). 

d. YoUD9 inflorescence 

Only thr .. of the twel .. tr .. ~nts (2,4-D/ldnet1n 

coaab1ft1ltion 1.0 + 0 Pta, 0.1 + 1.0 ppa ancl 0.5 + 1.0 ppa 

and 0.5 + 1.0 Pta) rec~ed a lIOderate ex .alue of 100.0 

(Plate 6). In the .. c .... , call .. initiation wa. observed 

in all the culture. (1~). \'he cellus index values of the 

rest of the treat_Btl vere 66.7 .ftC! below. These treat .. nts 

recorc1e4 • lower per cent callus initiation (31.3 - 66.7). 
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cell .. ~&"OVth vas .... (G • 1.0) in all the e'f-*1.e 

tl"_t_.s. Flv. tl" .. tMDt. did not nglstel" any n.~ 
'~ 

(1fabl. 22). 

B. Multlpl1cetloa of the pr'Opiples (Ste9. II) 

1. .lDbenc~ I"ele ••• ofaxl11al"J' Mel. 

a. Standardl.ation of baalo pr:olifentlon ..til. 

'fhe shoot apic •• , placed In the e.tabllsllleat lledl_ 

and incubate6 fo&" fou v.a In da&"1cae ••• Dd two weeb in 

l1CJht, were tranaf.l"l"~ to 2. tl" .. tlDent ca.blaatlona 

la.olvlnC) BA (2.1, 5.0, 7.1, 10.0, 20.0 eDd 40.0 ~ aDd 

BAA (0.1, 0.2, 0.4 .nd 0.8 p.-). '!'be data on tl'ae m.bel" 

of aboots prOdacel Pel" la1tla1 .xplant In the •• -.cJla after 

fl •• v .. 1cs of cult ....... 91 ... in "able 23. 'l'he r .. ulte 

of the analysis of .al"laace ar. pre.ented in A~nllx II. 

Th ... x1a1,. __ I' of shoots ~r explant: (8.15) 

va. ada1eved at BA/MA coeblatlon 1.5/0.2 pta. 'fhl. treat_at 

va •• tatletloelly OD pel" wl~b BAIRAA oaablaetton 1.1 + 0.1 ppa 

(S.O shoot.) ana 8A{BaA c ... tnatloft 10.0 + 0.2 PQM (1.15 .boot.,. 
~1l9 the .boots produced in the abcw. treatments, a 

laqe proportion ... h19h1J' CCIIIPI:e ••• d .Dd _11 shoot. 

(.Plet. 1). The percent ... of .ucb shoOts .b0ve4 aD 

iDOna.l .. tread with iller .... 1ft the lrrel of Mo. fte 

tnat_at. Blta/1IItA 5.0 ... 0.2 pta .... BA/llAA S.O ... 0.1 P)a, 



Plate 7. Production of highly co.pr.sset! shoots frOID Jack shoot: 
apex (source. fi ... yeIlr ole! tree) cultured on MS 
-.iliua containing hiqh le.el of cytokinin 

Magnificationl x 1.24 

Plate 8. P!:'Q!uction of fairly elODgate(J .ult1ple shoots froa 
Jack shoot apex (source. five yetiI:' old tre •• cultured 
on lIS aedlUIB 1" BA 5.0 p;:a + lVt.A 0.2 p~. Multiplication 
rate after five weeks Of culture. 4.5x 

MluJnification. x 1.28 





lata 9. hochtctlon of fairly elongated aultiple shoots frea 
jack shoot apex (source. fl •• 7IIar old tree) on 
..alum + A 5.0 P +.,. 0.1 PJ8 

Kafilnlficat lon. X 0.86 

Plat. 10. Multipl •• hoot oductlon fre:. jack shoOt apex 
(source, f1 •• year old tr •• ) .ft.r .arlal subculturing 
for teD t~. on the BN. lDer .... ln aaultlpllcatton 
r ta du. to •• quential sUbculturing. 26.7~ 

MaqnificatioD. x 0.89 
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Tabl. a3. affect of ~ll'1BtlOft. of 8A and .. OIl 
aultlpl. shoot foraatlon f~ Jack shoot 
apex culture. 

0.1 p + BIt. 2.5 PJa .. ... .. 4.0 PIl .. + It 7.5 P .. ... It 10.0 Pta .. ... It 20.0 p~ .. + .. 60.0 PI8 

0.2 ppa ... SA 2.5 ppa .. + .. 5.0 Pta .. ... .. 1.5 PJ:B .. + .. 10.0 pta .. + .. 20.0 Ppa .. + .. .&0.0 ppra 

0.4 ppa • SA 2.5 ppa .. ... It 5.0 ppa .. + .. 7.5 PpM .. ... It 10.0 PS-.. ... It 20.0 pp. .. ... .. 40.0 ppa 

NAA 0.8 pp. ... BA 2.5 p~ .. ... .. 5.0 P .. ... .. 7 .. 5 .. + .. 10",0 ~ .. ... .. 20.0 1* .. ... .. 40.0 pa 

Shoot.· 
/1n1tlal 

explant 

1.00 
6.00 
8.00 
1.00 

0 
Q 

1.25 
4.75 
8.7S 
7.75 
5 .. 75 

0 

1.00 
S.OO 
6.10 
5.25 

0 
0 

1.00 
3.00 
'.00 
5.25 

0 
0 

1.75 

0.'1 

"a1&"1y* 
eloraq teeS 
.boot./ 
in1tlal ex lant 

1.00 
3.75 
3.50 
3.25 
o 
o 

1.25 
4.50 
3.25 
3.00 
2.50 
o 

1.00 
3.50 
3.50 
2.00 
o 
o 

1.00 
3.00 
3.00 
2.00 
o 
o 

1.10 
0.3 

it __ ,,-898 of four ob •• rvation. 
Culture period - fl •• weeks 
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which were tatll1tice.lly at r, r06uc: a high o port ion 

of fairly elongated .h~s (Plat •• nd 9). lateral 

when used aa the explant.s failed to roduc. multi 1. 

shoot .. 

Por further lMlltlpllcatlon, the ahoot ".r. 

exc1sed nc! placed in fresh ..cliUli of the cOIRpoaltlon 

.elect • SubculturiAQ the prolifer tlnq shoot culturea 

W II done at five-w .. k Internla. 

The result of the atudi •• coDauct to a ••••• 

the 1m rOltellent 1n the rate of aultiplic tion of the boot. 

co~equent on continuous subculturlDg are ~e ented in 

arable 24. The culturea which proc111Ce4 4.25 shoots in1t1elly 

... eqlster.(! a deer ... e (by 5 .8~) durinv tlw first sUbculture 

nd an incr .... (I' l19in9 from S.8S to 52.9.) durin; the 

subsequent eubculturea. on the a .. Nfl., the multiplication 

rate 1nerea ed by 26.7. as a re ult of aubculturin; 

(Plate 10). No apparent reduction ._ observed in the 9rowth. 

and vigour of the culturea due to contlnuou subculturing. 

b. AequlatlOft of rolif.ratlon and g~th of tlw 
shoots in the cultures 

Ifhe re ult of the studies cond~eCl on the effect 

of cytokinin., cytokinin - related substance Cadenine 

and a4.nin sulphate) ,auxifta, gibberellic acid, a ino acid 
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"'a1»1. 24. ....lt1pllcat101'l rat. per explant (frOID 5-,.ar 
ole! jack tre •• ) OIl .1Ibeulturlnv at 4-.. ell 
11lt.rYe1 

CUlture 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

Mean 

Q) '''') 
SD .t 

ahoot.· 
per culture 

4.25 

4.00 

4.75 

4.10 

5.71 

6.00 

4.71 

6.50 

5.7S 

6.10 

1.97 
0.57 

" incre... in 
nuaber of shoot. 
OY.r the initial 
culture 

•• 
11.76 

I." 
31.29 

41.17 

11.76 

52.94 

35.29 

52.94 

26.79 

•• - A d.er .... of 5.8. ve. obael"ged 
• - A.erav. of four obe.l"getion. 



·.ppl._nt (ca •• 1n hydrol.,..t.), NS 1DOJ:Q.n1c arM! organ1c 

COIDPGDe.te and carboD sO\lra •• (.ucro ••• nd CJlucoe.) OD the 

aultlp11cat10a aDd 9&'OWth of the shoot. frOID shoot t1p 

cultv •• ar. pr ••• nt*, in "abl •• 25 to 28. 

1. Cytok1a1na 

The 4at. on the influence of BA and 1t1net1n ( ... 1 

~1 ... conta1D1DQ IIAA 0.2 ppa) Oft the mamber of aboots, 

length of the long.at ~hoot .nd leDQt h of the 10D9 •• t leaf 

an pr .. ented 1n T.bl. 25, and the .nal,..18 of "ar1anc., 

1 n Append1x I I • 

• ablr of shoots 

'lb.n ._ eiCJn1f1c8nt ".r1at1oa a"Dg the tr .. t­

_Dtll for the number of sboots ~uced. Maxi ... nu.ber 

of shoote (8.75) was r.c:o~ed by .,. 7.5 ppm wh1ch .s Oft 

par with 8A 10.0 PPII (7.75 ahoota). Shoot product10n va. 

obs.rYed to 4.cr .... w1th lDCZ' •••• 1n the concentrat1on 

of a abo .. 10.0 pr;a. B19hly ~n •• ed and _11 shoota 

showed an 1ncreas11J9 tr.nd. w1th 1ncn ••• 1n the le •• l. 

of BA. Max1aWll awaber of f a 1rly .1Clft9ate4 shoot. (4.5) 

w.r. r.corded by SA 5.0 PS-. w1th respect to k1netin, 

the .ff.cta at 10.0 PPIa (4.0 .hoota) an! at 7.5 ppa . 
(3.5 shoot.) were on par .Dd v •• super10r to the low .. t 



1(;5 ,..))1. 21. .ff.ct of aytok1a1ns on .altlpl •• ~ foraatlOD 
f~ J.ck .hoot .plc .. 

'1'reat_nt 

BIt. 2.1 ppa .. 5.0 ~ .. 7.1 ppa 
.. 10.0 Pili 
.. 20.0 ppa 
" 40.0 PIa 

1t1 net 1ft 2.5 PS-.. 5.0 PPD .. 7.5 Pta • 10.0 PPM .. 20.0 ppa 
" 40.0 PIB 

BA 0.1 PJ8 + 1d.net 1n O. 1 .,.. 
" + " 0.5 pta 

" + " 1.0 Pta 

SA 0.5 PIa + ltiftet 1n 0.1 ppa .. + " 0.5 Pili 
" + " 1.0 ppa 

SA 1.0 P18 .. ltinet1n 0.1 Pili 
" ... .. 0.5 ~ 
" ... II 1.0 ~ 

.... 1 -.41_ 

shoot.-
per 
_plant 

1.25 
4.75 
8.75 
7.75 
5.75 

0 

1.25 
2.50 
1.50 
4.00 
3.00 
2.00 

1.00 
1.25 
1.00 

1.00 
1.50 
1.71 

1.50 
1.50 
1.50 

1.62 

0.57 

• lIS .. lU.A 0.2 p~ 

LeDqth of 

LOD9.st* 
sboot 
(.) 

3.01 
2.15 
1.31 
1.08 

0 
0 

2.2l 
1.58 
1.18 
1.01 
0.90 
0.81 

1.05 
0.98 
1.40 

1.00 
1.48 
1.48 

1.50 
1.43 
1.43 

0.40 

0.14 

Loage.t* 
l •• f 

(CIB) 

l.ll 
2.90 
1.61 
1.28 
0 
0 

2.11 
2.11 
2.50 
1.45 
0.60 
0.63 

1.7' 
1.el 
2.33 

2.0e 
2.00 
2.50 

2.18 
2.60 
2.65 

0.21 

0.07 

.. - Avera9. of four Obs.rvat1on. 
Cultur. period - fl •• w .. k8 
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(2.50 Pta) anti the hlgbeat leftls (40.0 PPID). HoweYer, 

the .xia_ n .... of falrly .10Dqcted sboots (2.5) wae 

produced by Unetln 5.0 PJ8. The effects of cOilbinatlons 

of 8A aD6 kinetin dld not stetistically dlffer f~. each 

other. .,h. perfonance waa veneral.i.y poor, the "xt.. 

nlaber of shoots beiDQ 1.75, reviatered at BA/1d.netin 

comblnation 0.5 + 1.0 ppm. 

Lenwth of the 10DQe.t ahoot 

The respon ••• to the .-rica8 treatment. were 

.tc~tietic:ally slgnifica nt. The length of the 10ftCJ8at shoot 

(3.03 ca) recorded by 8A 2.5 Pta, _a sUPerior to tlat 

r.corded by the reat of the tn-tlDe.s. The tl.nvth of the 

longe.t .hoot showed 4ecn.slng trend with lncrea.lnv 

1..,.1. of B.A.. MODQ' tbe l .... la of kinetin, 2.5 PJB .ffected 

the aximua length (2.23 ca). 'l'h. perfoz=mance of the rest 

of the 'kinetlft treat_ats vas inferior anc1 showed a 

dec1iftift9 trend wlth increa"ing 1 ... 1s. AIaoft9 the cOlllbiDa­

tiona of SA and. kinetift trled, the axilaWll reaponae 

U.S em 1e89th) wes recorded by llA/ld.netin coJlbinatlOD 

1.0 + 1.0 ppm. 'l'his tr .. t .. nt ,... OD par with _jorlty 

of the other treat ... nta. 

Len9th of the lonq .. t leef 

The length of the lonqest l.af produced by the 

slloots sUbjected to the various tnat .. ate 4iffered 
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.i9n1flcaDtly. '1'he Jalg.at •• 1_ (3.33 CIIl lenoth) _. 

recorded by BA 2.5 PIa, vhlch va_ significantly auperior to 

the re.t of tbe treat ... a. The leftQth of the longe.t leaf 

decreaae. with iller .. alD9 concentrations of BA. Kinetin 

va. _at favourable at 5.0 P'PRl, registerino a leaf lenGth 

of 2.65 CIB. IJ."he length vas decreased at the higher ltWYels 

of ldnetin, the leaat being 0.6 OlD at 20.0 ppm. The BA/ 

1t1ftetlll cOilbinetion 1.0 + 1.0 PPI re9istered the _xia_ 

leaf length of 2.65 CIIl. 

ii. Cytokinin-related substanc .. 

The effects of adenine anti adenine sulphate on the 

multiplication all4! CJrowth of the aboot cultur .. are pre_nte. 

in Table 26 aDd the analyal. of variance In Appendix II. 

lIw.ber of shoot. 

Siqnificant 1mpr~nt in the rate of sboot 

multiplication vas abaenee! by the addition of adenine aDd 

.4eDine sulphate. Amon; the l."ela of adenine tried, 

80.0 ptllB revieter-, the lMXil1NlR value (8.0). This wa. 

45.45 per cent higher than that obtained in the control 

(B~) which regi.tered a .ultiplication rate of 5.S. 

Mleni .. 80.0 ppa wa.oft par with tho •• of 160.0 PPIIl (1.8) 

aDd 40.0 p~ (6.5) Meniae 40.0 Pt:a, 20.0 ?~ aDC! 10.0 pta 

41d not 81plficantly differ frca the 8PM in inf1uenclnCJ 
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Table 26. Bffect. of adenine, adenine sulphate, ca.ein 

hydrolyaate aDd G~ on multiple sboot formation 
froa jack .boot apfce. 

Treat .. nt 

Adenine 10 PPR 
20 ppm 
40 p~ 
80 'Pta 

.. .. .. .. .. 160 ppa 
o ppm 

Adenine sulphate 10 ppa 
20 PIB 
40 Pta 
80 Ppa 

.. .. .. .. .. 160 Ppa 
o P~ 

CD (5") 
SBM + -

Ca.e1n hydrolyaate 50 ppa 
100 Pili 
500 PJIa 

1000 PJa 
2000 PIa 

o Pili 

.. .. .. 

.. .. .. .. 
II 

1.0 PPIIl 
2.0 ppm 
4.0 ppm 
8.0 ppa 

16.0 PIS 
o ppa 

Baaal Md1wa I MS+BA S ppaa+RAA 0.2ppa 

Shoots' Lengtb of the 
per 
explant Longest Longest 

5.50* 
6.00 
6.50 
8.00 
7.75 
5.50 

1.56 
0.52 

6.00* 
7.00 
8.75 
8.50 
8.00 
5.50 

1.25 
0.42 

6.2** 
7.8 
8.4 
8.0 
7.4 
6.0 

1.13 
0.39 

5.2** 
5.6 
4.6 
5.0 
5.2 
5.2 .. 
0.37 

shoot (cm) leaf (em) 

2.43* 
2.50 
2.38 
1.85 
1.90 
2.15 

0.30 
0.10 

2.65* 
2.45 
1.95 
1.83 
1.35 
2.15 

0.32 
0.11 

1.92** 
1.42 
1.16 
1.00 
1.00 
2.44 

0.48 
0.16 

2.58** 
1.92 
2.22 
2.30 
2.70 
2.44 

BS 
0.28 

3.08* 
2.93 
1.95 
2.05 
1.43 
2.90 

2.95* 
2.90 
1.98 
1.63 
1.73 
2.90 

0.49 
0.16 

2.24** 
1.62 
1.26 
0.86 
0.58 
3.18 

0.64 
0.22 

3.56** 
2.82 
3.16 
2.40 
3.44 
3.16 

0.63 
0.22 

* - Average of four obaervat1ona 
** - Avereie of f1ve obserYations 
Culture period - five w .. k. 



109 

tbe n.-ber of .boote. Legels of ••• nlne sulpbate .1QD1-

flcaDtly "1ff.red f~ each other. Adell1ne sulphate 

to.O p~ which l'"lst.red the _xi_ nWlb.r of sboot. 

(8.8) va. OD par with 80.0 aDd 160.0 PJ;8. '1'he re.po •• 

obtain" at adeniM sulphate to.O p~ ..... 60.0 per cent 

1101'8 tban tbat obtaiDec! in tbe control. 

Length of tbe 10llge.t shoot 

llar1red 41fferene.a were obae"~ ln the l.ngth 

of the .hoots produced .t tbe diff.rent levels of a4enlne 

.s well a. a4.nine sUlphate. In botb cas. the h10best 

concentrations reduced the .boot length whereas the loweat 

levels lncrea.ed it (c_pared to tbe control). MoD;' the 

level. of adenine, 20.0 P..- N91stered tbe mald .... shoot 

length (2.5 em) wher ... 10.0 ppaa cau • .., the least (1.85 CIB). 

T.he effecta of a4enlne 10.0 ppm, '0.0 ppm, 80.0 ppm aDd 

160.0 pPft were on per witb tbe 8PM, which record." a 

shoot length of 2.15 ca. The effeat of adenine flulphate 

ln lncr .. "il1l the shoot leavth wa_ the maxi ... at 10.0 PJB 

(2.65 CIa lell9th) wh1ch w.s on par with that of 20.0 pra. 

Adenine aulpbete at '0.0 ppa, 80.0 pPna and 160.0 PIa 

exhib1ted • reduction 1n tbe sboot length. The reduction 

vaa the aaaxi_ .. at 160.0 ppm (1.35 CBl length). In tbe 

ea •• of adenine sulphate the 1 ... 1. that increaaed the 
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aUlllMlI' of ahoot .. ndQOed the 1.DliJth of the shoot.. In the 

ca •• of a4.ain. alao, a .tailer but 1 ••• pronounced infl_ac. 

could be aba.EYed. 

Lenqth of the 10RIJe.t leaf 

'l'he 1.ft9th of the 10DQ •• t l.af was also significantly 

in! luncee! by the lev.l. of ad.nine .D! a4.n1n. sulphat •• 

In both c.... e19niflcant re4uctloa in the len;th ... 

obs.rved at the hi9ber l ... ls (40.0, 10.0 and 160.0 "Opa). 

The lower l ... ls w.n OD pal' with the BIIM which recorded 

a leaf length of 2.90 GIll. Leaf vrowtb was affected bf 

tho.e le •• l. of .4.D1ne and a4eniae sulPhate (80.0 to 

160.0 ppaa) which f ... ound lncna.. in the nwaber of shoots. 

Adenine .nd .deDi_ .ulphate .t tbe l_.la trie4, 

showed positi,.e lnfl_. OIl ___ 11'l9 the shoot _ltl-

plication rate. At the optlll_ l ... el., 84.m_ (at 10.0 ppa) 

a~ ••• niDe sulphate (.t 40.0 ppa) recorc!.a incr •••• of 

45.45" .nrS 60.~ respecti •• l!', O9'.r the contl'Ol (a.), 

which recorded. Iftltlpllcatloa rat. of 5.5x. BOW-.r, 

thea. le ... ls aloftQ wlth _t of the other fa,.ourable 1 ... 1. 

effected the 9roRh of the cultur •• , by r.duciao the le1lQth 

of the l0D9.st shoot .nd the l.ngth of the longe.t l.f. 

Only _enln. sulphate 20.0 ppm N9i.t.re4 an inanes. 1n 

.boot aultlp11cation "te (27.2"') OVer the control 

6aultipllcet1an "te 5.5x) witbout 81qnlf1cently .ffectlag 

the growth of the culture •• 
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111. Auxi. 

The .ffe •• of the 1 .... 1. of 1M, )fAA ana 2,4-1) 

(ba.al aedi_ coat.lnt.., M 5.0 ppa) OD the Ilumber of 

shoot., the length of the __ .st.boot a'" the 1.ngth of 

the 10DQ •• t leaf are pn.ente4 ln Talal. 27 ana the a.lyel. 

of varlaace, in AppaD4ix II • 

• umber of shoots 

AUxlns 414 not .19ftlflc8ntly influence the number 

of shoots procSucec:!. The effect. of the levels of 1M, 

tv.A. and 2,4-D v.re Ilot statistl_11y different fro- .ach 

other. Th. diff.renee. In .hoot nu.ber .ffected by tbe 

1.,.e18 withln each auxill ve .. also DOt 81CJnlflcam:. 

\'he Influence of tile leftl. of auxins exblblte4 

slvniflcant veriation. ahA 0.2 ppa vhich recorded the 

_xi .. shoot 1.ngth (2.5S .) vas 011 per with IAA O. 2 ~ 

and 0.4 P}a, 2,4-1> 0.1 J)Ia an4 BAA 0.4 p~. All thee. 

treatmeat6 were si91l1flcalltly superior to the .. rc 1 ••• 1. 

Incr ... ill9 concentratloft8 of 2,4-D reCJlstered a d.pr ... ing 

.ffect on the shoot lea;tb. 
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'rable 27. .ffect 01 auxina on IlUlt1ple .boot foraat1on 
I~ Jaek shoot .pice. 

0.1 p~ 
0.2 ppa 
0.4 ppa 

0.1 ~ 
0.2 ppa 
0.4 P. 

ae.el madi ... I MS+BA 5.0 ,.. 

S'hoote* 
per 
e.pleAt 

4.7S 
5.25 
5.25 

4.00 
4.71 
5.00 

LeD9th of tlw 

LoIMJest* LoDv •• t* 
shoot l .. f 
(.) <e1 

1.83 2.50 
2.53 2.95 
2.43 2.90 

1.98 2.88 
2.55 3.10 
2.38 3.18 

2,4-1> 0.1 p~ 5.00 2.45 3.00 
• 0.2 PlIa 1.00 2.08 
• 0.4 ppa 5.25 2.05 

Control (MS+BA 5.0 pl8l 5.00 1.93 

-0.53 

0.40 

0.14 

... - A •• A •• of fou obB.roYatiolUl 

Cultur. period - f1 •• v •• ka 

2.63 
2.48 

2.43 

0.3' 
0.13 
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LeDCJth of the 10Dge.t leaf 

MaJorlty of the leYela of auxlns triec1 slvnlf1cantly 

iDer .. s" the length o. the l0Dge.t lea.. In thl. 

respect, 8M 0.4 PJa va ... par with JU.A 0.2 PJIR, JIAi'. 0.1 PJIII, 

2,4-D 0.1 p~, lAA 0.2 ps- and 1M 0.4 PI*. tIh1le a 

decreasing trend wlth 1Dcr ... iag concentration va_ r .. l.t.~ 

by 2,4..0, MI. brought allout an lacr.eing trend wlth 

incree81n9 conceatl'8tlona. 

1 y. CJ iltberelli.c acid <GAs) 

IJ.'be r .. pon.e. to the le.,e18 of ~ tri«1 wlth 

re.pect to the aUlbar 0' .boOts, tbe lentth of the lonqe.t 

sboot aDd tbe lell9th 0' the l0ftge.t lee' are pre.ented in 

Table 26 aDd the a.ly.18 of .,ariance, in Appendix II. 

The aWlber of 8boot. end tbe length of the 10ft9ttet 

shoot were DOt 8i9Di.icaatly altered by the l..,el. of GA:s. 
Bowever, the 1eDgth of the 10l'19 •• t leaf wae .19n1fic:aat1J' 

reduced by GA) 8.0 Pia (2.4 ca). 80 _neficial effect 

we. observed when G.., ..... 1ncl\lC!e4 in the BPIl. 

v. MillO acid 8u.ppl __ , ca.e1n hydrolysate (CH) 

The number of shoots, the leDQth of the 10DIjJeat 

8hoot aD! the lell9th of the lonv •• t 1.f as lftfluenc.a by 

the 1..,e1s of CB an pre.ent" 1n ".able 26 .DC! the a.l,.l. 

of .. riance ln APPeallx II. 
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fte h19he., ~.r of _hoot. va. "corded at 

500.0 ppa (8.4) which wa. 407' greater than that of t'be 

8"", which rec~'" 6.0 .boot.. ea.eln hydrolyeate 500.0 pp1I 

"a. on par with 1000.0 ppa (8.0), 100.0opa (7.8) aDd 

2000.0 ppa (7.4). 

All the leYel. of CB .ignificantly reduce4 the 

lenQth of the longe.t shoot aad that of the longe.t leaf. 

The resultant _.11 .i~ .hoota We" obaerved to bave 

.low rate of 9J:OWth auri., further culturino. 'l'be aaditlO1l 

of CH in the BIM vaa, th1l., DOt foUDd to be _.ficial. 

The multiplication pt. aDd gJ:'OWth of the culture. 

a. influence4 by the atreDCJth of the iDOJ:'9an1c .alt. and 

ol'9<ialc growth factor. of the lIS -.di_ are pre •• nted in 

,...ble 28 aat! the .nalyai. of •• riance, in Appendix II. 

'l'he concentration of the lDoqanlc .alta in the 

MS aec!1_ exhibit ... ip1ficallt influence on the .ultlpli­

cation rate aDd growth of the Jack .hoot culture •• 

'l'he nUliber of shoots, the leD9th of the longeat sboot and 

the lellfjlth of the lOnQe.t 1_' 1Mn considerably reducetl 

by lowerin9 the .. oUllt of Illneral salta below the nor:tlal 

strenqth. When the •• It concentJ:8tion vas red.cee! to 

balf It"ft9th, the nUllbel" of ahoot., the le~h of the 
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'fable 28. affect of lIS ia0J:98n1c:: .alta, .. organic Qrowtb 

factors, .ueco •• aDd 91800 •• Oft .ult1p1. shoot 
fOrllatioa f .... jack .boOt apic .. 

I 

.... 1 _di_ contaiaing SA 5 PPlll + 
JIAA 0.2 p.-

SboOt.* Lenvth of the 
per 

Treat •• Dt .xp1ant Long •• t* 10D9 •• t ill 

.hoot 
(GIll) 

MS InorgaDic: .alt. 1/4 COftC. 2.2 1.08 .. 1/2 CODe. 3.6 1.24 .. 1 cOIle. 5.2 2.42 
• 2 CODCI • 5.4 1.82 

a> (W., 0.9S 0.45 
SDt .:t 0.32 O.lS 

MS orvanic 9rowtb factor. 1/4 cone. 3.0 1.28 
• .. .. 

Sucro •• 13' 
• a 
• ~ .. 4~ 

Gluco •• ~ 
• a 
• • • 4" 

1/2 CODe.3.0 2.08 
1 c:oae. 5.0 2.48 
2 OODC • 5.4 2.20 

CD (,'U 0.90 0.69 
saM + - 0.30 0.23 

3.6 0.92 
4.6 1.26 
5.4 2.24 
6.0 1.80 

(2) U5,,' 0.79 0.62 
5 ... .:t 0.27 0.21 

3.4 1.52 
5.0 2.14 
4.6 2.00 
3.4 1.58 . 

CD (5") 1.04 0.50 
SBK.:t 0.35 0.17 

• - A •• r 8 9. of fl.. ob.erYat1ona 
Culture period - fi •• v .. b 

l .. f 
(ea) 

1.12 
2.06 
3.01 
2.04 

0.72 
0.24 

1.76 
2.12 
2.46 
2.26 .. 
0.24 

1.60 
2.76 
2.92 
2.70 

0.59 
0.20 

2.28 
3.01 
2.70 
2.54 

0.51 
0.17 
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1009 •• t shoot aDC! the leDlJth of the 10D9.st leaf vera 

recSuce&! by 10.171 48.11 aDd 32.68 per cent, respect1 •• 1y 

aa cOIaPBred to tho .. aa4_ the ftO~l strength. JlUrther 

recSuct10n in tbe ault1pl1cat1oll rate and 9rowth of the 

shoota vas cbs.ned ,,~ the 1BOrgan1c s.lt concentration 

va. reduced to quarter atnDQth. 'I'he incr .... obtalDe4 

in the DWlber of s'boots coeaequent a. lncrea.ln; the 

a.lt ccncentratloft to doUble atrenqtb was not statistlcally 

.19nlf1cant (as ~red to tbat ln normal strength). 

S10n1flcant reduction in tbe lenvth of the long.at ahoot 

(25.~) anr5 the length of the lcmo.at leaf (13.3.) wa 

.ffect..s by the double atnnvth .. ..cllua. 

When the etrea;th of the orfJa nlc 9rowth factod 

of ... MC!lU11l _s reduced to balf or quarter of the no~l 

strenc;th the production of .'boota was aigniflcantly affecte4. 

The reductlon ,..s 40.0 per cent In both tbe cas... 'l'he 

double cODcentratlOD of tM oqanlc factora (5.4 shoota) 

wa. on p&r wlth the 1'I01!'M1 .trenQth (5.0 I5hoot.). Quarter 

.tre.,th of o1'9anic factors s19D1f1cantly reduced tbe shoot 

l.nqth (48. J'" reduction) ccmparec5 tbe full .treDCJth 

(2.48 ca). Balf and double cODCelltretione of tbe ol'9an1a 

factors also cause&! a rechlctlon ln shoot lel\9th (16.12 and 

11.2~. respect1 •• 1y). Bow ... r, thee. "ere atatistlcally 

on par with the full streDQth. 'I'he reapon ••• of the dlffer.nt 

coacentl'8tloDs on tbe l.noth of tbe 101l9 •• t l .. f wa. not 

alvnlflcant. 
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fte ..... natalt. abowed that the DOral 8tr.~h 

of tbe lraorgaralc .alta .na orqaralc ga-owth factor. aa 

pre.erat ira tbe ..... 1 __ • .ore .ffecti .. for aultiplt­

cation and growth of the jack shoot cultur.a. 

'l'be effecta of 8uar08e aDd glucose a. cerbozV ... 1'9Y 

sourcea on the sboot _ltlpllcatiOft rate and vrowth of the 

culture. 1. gl.era In "abl. 21 ana tbe analy.ia of .arl.nee 

in Appeftd1x II. 

Reduction in tbe q_nt1ty of .ucrose, below the 

nomal 1.".1 (.U reaulteel in reduced .w.ber of sboOts. 

Reduction (33.J3~) recort.a by sucrose 1. wa. atatistically 

s19n1f1cant while tbat by • (14.IUU wae on per wlth 

tbe .ffect of the full stl'e_h. '11Iouqh the .ffect ~ 

sucrose 4" on the IlUIIIber of sboOt. _s alightly 9reater 

(11.11") tban tbat of tbe DO ..... 1 1 ... 1 1t wa. DOt atatl-

etlce11y significant. Sua ..... at 1 anc! a 1 ... 18 s19D1fl-

c 8 ntly reduced the 1eDQtb of tbe .hoota. The reduction •• 

58.93 and 43.71 per ceDt, .... pectl ... 1y. Sucro.. at '" waa 

not .iqnlfloant1y dlff" •• fna the DO~l .trength. 

S\lcn •• 1" slQn1ficantly rec1uce4 the leDQth of tlw 10DlJ.at 

l .. f also. '1'he reduction 1n le~h vaa 45.2 per cent, 

COIIIpared to tbat uUler the full streft9th and was alp1-

ficantly d1ff •• nt fraa tbe r.at of tbe treat ... ate which 

v.n Oft per vith each ot'beC'. 
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• '!'he _xt_ f ....... bl •• ffecta of glu008. wi~h 

r •• peat to the Iltlllber of .hoots (5.0), tbe length of the 

101\9 .. t shoOt (2.14 ea) alll5 the l.ngth of tbe lonv.8~ 

leaf (3.06 ~) w.re ... 11s84 .t 2.'* concentration. 

Glucos. 3.'* vae le •• elfectl .. that\ tbe 2.'* 1 .... 1 but 

the diff.rence w •• DOt statistically significant. The low .. ~ 

and highest l .. els of 91uoos. were unfavourable for the 

.ultipllcation .Dd Growth .f tbe sboote. 

Sucro.e (3 - .) a. gluc .. e (2 - ~) were tbu 

identified as ideal soun_ of carbon 8upportiDCjJ the 

aultiplicatlOil and gl'OWth ., the j.ck shoot cultures. 

WIleD the ),,".s_ 's ..cIl_ vas .uppl_nttN! with 

~~ combination 5.0 + 0.2 ppa, only 3.3 .hoots per 

culture were produced. !'hu aultiplication rate _s 

30.53 Per ceft~ l.s. tbaD that obtalne4 with the -

proliferation _di_. \'h. len;th of the lODg •• t shoot 

(2.17 CRl) and tNt l.-.Qth of tbe lODfle.t leaf (1.88 .) 

revistered by tbe ADdersoft's MeSlwa vere l.ss (by 14.9. 

ana 39.3'" respectlvely) then tho.e of the lIS proliferation 

.. diWD. 'the Ander.oa' 8 ...s1_, cOIltelni119 qu.rter .~reDtth 

of uuuon1ua nitrete and pM ••• l_ D1trat. and 4ou1tle 
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stnDltll of ... 0. ~, .s fotaDd to be .. \lit.bl. f. 

Jack .boot prollf ... tl ••• 

The treat_lit ccablnatlone of DA (0.1, 0.1 al'll4 

1.0 ppa) .nd kinetin (0.5, 1.0, 2.0, •• 0 aad 8.0 ~) as -.11 

a. ~ (0.1, 0.1 aDd 1.0 ppa) ana 8A (0.1, 1.0, 2.0, 4.0 

aD!l 8.0 ppa) vere t .. led for iDd\1C1D1 0".801 .... 18 f~ 

cell... RODe of the treat-.nts we ... fouftl! to be .ff.ctl ••• 

3. ac.atlc ._Z'J'CII94I.sls (0&11\18 -.41at.d) 

The call •• fr. the lnd.etlon ..al_ w •• trea.fatted 

to JB 1led1_ coatalnleg cOllblnationa of SA (0, 0.5 aDS 

1.0 PJa) a84 leln.tiD. (0, 0.1 ... 1.0 ppa) for inducing 

... tlc ._ryo.t.t! fOE'lMtloft. ~t.a for_tiOil was not 

o)) •• "(ltt! 1n a.,. of tbe treataeat •• 

c. Me4!1l!I for 8~ eloDg-litlon 

W.t.th the • ..si_ a. the baaa. co-binatiolUl of 

SA aDd IAA a. well a. SA and IaA ware trled to bring about 

aloagatloD of shoots. TIl. r •• ults are pr •• eDted in Table 29. 

Ifhe BAllIAA COIIbl_tloll 2.0 + 0.2 ppa we. fouaS to be 

.loalfic6ntl,. 'naperlOr' to tbe nat of the tl'.atment. with 

.... pect to the leagth of tbe .hoot. (1.83 ca). Tba t .... t_t 
-

recorc1e4 a leaf leDlJth 01 J.1 cs which va. on par wltb the 
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'1'a))le 29. .ffect of co.bl_t1cn8 of. SA aDd aux1u 011 the 
elonvat1on of j-=k shoot. froa tlw shoOt 
prollferattOD -.diu. 

Ba.al medi_ I MS 

Shoots* LeDgth of the 

Treat_at 

SA 1.0 p~ + IAA 0.1 PJa 
• +. 0.2 ppa 
• +. 1.4 ppa 

BA 2.0 Pta + IAA 0.1 ppa 
• +. 0.2 ppa 
• +" 0.4 ppa 

SA 1.0P" + IAA 0.1 PI8 
• +. 0.2 ~ 
* +" 0.4 ppa 

SA 4.0 ppa + IAA 0.1 ppa 
• +. 0.2 ppa 
• +. 0.4 ~ 

SA 2.0 ppI + BAA 0.1 ppa 
• +. 0.2 ppa 
• +. 0.4 ppa 

Control (MS aed1wa) 

per 
exPlant 

1.00 
1.00 
1.25 

1.00 
1.21 
1.00 

1).25 
2.25 
1.75 

2.75 
1.00 
2.25 

1.0 
1.0 
1.0 

1.0 

0.55 
0.19 

lonve.t* 
shoot 

(em) 

2.40 
2.70 
3.03 

2.95 
3.45 
3.15 

2.75 
2.98 
2.95 

2.80 
3.05 
2.98 

2.58 
3.83 
2.55 

2.18 

0.33 
0.12 

• - Average of four obaerYct1oNl 

Culture period - f1v. w •• ks 

lOllge.t* 
leef 

(ca) 

3.11 
3.18 
1.7. 

3.28 
3.7. 
3.5. 

3.00 
2.93 
2.95 

3.18 
1.00 
3.18 

1.20 
3.70 
3.41 

2.93 

0.41 
0.15 
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effects of the u.tIM .-blnatlolUJ (2.0 + ,.2 ppa all&! 

2.0 + 0.4 p~) and tbe 8A/lIAA caabinatlon 2.0 + 0.4 p~. 

'l'he treat-ant cOllb1DatiOD of BA/1fAA 2.0pJ;a + 0.2 Pta ... 

found to be suitable for the el0D9ation of shoots fre:. 

tbe proliferatioa Mdt .. , before eubjectift9 them to 

.ill xitro rootiD9 treatments (Plates 11 and 12). 

D. 1a y&tro rootlft9 (5,t8ge III) 

1. Auxiu 

'l'he effects of the le'9'els of auxin. either alOlie 

or in cClilbination, on the ill v,a root1ll9 of jack shoot 
, 

culture. were oblened ana tlw .. sulte are pre.ent" in 

Table 30. Of the thirt ... treetlBlitnt. tried, only two 

treatments, aa.ely (i) I~ ~iD8tion 1.6 + 0.4 ppa 

and (ii) 1M/JIM. cOllbi_tion 2.0 + 2.0 Pta (for six "J'8 

followe4 by traDsferri", tbe .hoots to 1/2 .. ..,i18 vitbout 

CJrowth aubatanc.a) were effect i.e 1n in41lciDl) roots fra. 

jack shoot culture. fl'Ola I-year 014 tn.. (Plate 13). 

The root initiat"ion vas a119htly 9r .. t8r in the former (10 •• ) 

tban in tbe latter (7"). ....81', tbe latter treat_t 

prOduced mol'. DUlDber of roots per shoot (1.43) .114 took 

l •• s tt.e for root initiation (13.43 daY'.) a. coaaparec! to 

tbe fozmer '4.17 roots pel' shoot ancJ 24.67 d.ya). In all 

tbe tr •• tJlellt., callusing (to "1711119 d ...... ) at tbe aut 

enel of the shoots vaa obsened before the initiation of 



Plate 11. alongatioD of Jack .hoot Oft transfer to IE 1llei'1wa + 
SA 2.0 PPII + BAA 0.2 PPI# frolB the BN 

Ma9n1fieat1aa. x 0.92 

Plate 12 .. ElonqatiOD of jack shoot Oil transfer to MS medha + 
BA 2.0 PPIIl + JII.A 0.2 Pta# fzooa the SAl 

Maqn1flcatlon. x 0." 





late 13. 1Il vitro rootiD9 of Jack eboot. x culture (source I 
five year old Jack tr.e) ill -1/2 MS +IBA 2.0 pta + 

2.0 ppa for 81. 4ays aDd then 1/2 MS without growtb 
aubstanc.s- resulted 1n 10.0J' l'Ootinq~ with 5.43 reate 
per .hoot initiated 1n 13.4i dap 

.Mapif1cat1on. x 0.91 

Plat. 1 ... calluaS1D9 at the cut .nd of sboot, preeec!l no the 
111 YJ.tco rooting of Jack shoot culture 

Meqnific tl0Dt x 2.3 





1. 

2. 

3. 
4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 
15. 

16. 

17. 

Table 30. Effect of auxins on the in vitr9 rootIng ot jack shoot!" cultures frolll variouf! age groupe 

Basal medium : ~ concentration of MS inorganic l"alte a~ 
full concentration of MS organic growth factors 

--------.---- .. _--,-----------------,._-------

Treatment 

lEA 0.2 pan 

IBA 0.8 ppm 

lEA 1.6 pm 

rEA 8.0 ppm 

~ 1.0 pom 

NAA 2.0 pom 

IAA 10.0 Ppm 

2,4-D 0.1 pom 

NAA 0.05 porn + lilA 0.4 ppm 

NAA 0.4 ppm + HIA 0.2 porn 

NAA 0.4 Pp!' + IBA 0.4 PPm 

NAA 0.4 Patl + IRA 0.8 opm 

NAA 0.4 Porn • lBA 1.6 opm 

NAA 0.5 pam "- IRA 0.2 PPm 

NAA 2.0 porn . HIA ).4 opm 

NAA 2.0 PlJm 1 __ q;, 2.0 opm 
(for 6 days 'i nc~ +-;"len with-
out growth $ut-· : 11 !C'e:) ~ 

IM O.! P"!l< ~ I 'IA n. J om 

Explant fro. 5eedling~ 

Roota 

initia­
tion 

(" ) 

100 

100 

75 

0 

0 

0 

0 

0 

100 

100 

75 

SO 

Root~' 
per 
explant 

4.25 

5.00 

7.33 

0 

0 

0 

0 

0 

6.00 

5.75 
2 _ 67 

2,50 

Days 
for 
::oot 
initi<.t­
tion 

28.00 

7.9.25 

29.00 

0 

0 

0 

0 

0 

1.0.75 

-\6.25 

-8.33 

'2.50 

eXPlant fr-om S-year 
old t ret? 

Root Root.·, Days 
init ii!l .. eel for 
tion exoldnt: root 

(;4) initia-
tion 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 r, 0 

80.0b 
4. J '7 24.67 

0 0 0 

0 0 0 

70.\)C' ~ ... 3 13.43 

() o o 

Explant from Ip-year 
old tree 

Root Roots Daye 
initia- per far 
tion explant root 

(,,) initia-
tion 

40.0d 2_S0 44.00 

40.0 2.50 24.00 

Explant from 3D-year 
old tree 

Root Roots Days 
initia- per for 
tion explant root 
(") initia-

tion 

0 0 0 

lC,.OOe 1.0 46.70 

Explant from 6-month' 
old grafh!! 

Root Roots Mays 
initia- oer for 
tion exolant root 
(X) initia-

tion 

of. 

0 () 0 

c,o.Oa 2.00 20.S() 

- --- - . --- _., _.- -- -- -- .-

.. Average of 
Average of 
A.ve rdq"~ of 

four obp,-~ J.:Vd 1 lonf 
1'0 0bspr"v· " i('l1f 

10 ,)bR~r"·" " " nnf' 

d - Averag"" of five ohs"!rva t ion" 
e Aver~q,,! of 20 ob·~rvati0nF 

o No ref'oonSe 
No troeatment 



root. (Plate. 1~ a .. 11). callusiDII wes l •• t for 

.~~ ~inat1OD 2.0 + 2.0 ~ followed by traDSferr1ng 

the shoots 1nto 1/2 .. ",1_ wlthOUt ,S'OWth .ubet&l\ce.-. 

'!'be root ,rowth 1n tld.. ca.e wa. y1 •• 11y ob •• "ed to be 

IIOr. vigorous (Plate 11'. Root 1D1t1ation was ,eft_plly 

foll0we4 'by DeW leaf pndact10n aDd shoot eloagation. 

The root. prOduc.a wen thick aDd light yellow to deep 

yellow in colour (Plate. 13 aDd 16). 

2. Concentration of _ ..ai .. 

a. Inorganic .alta 

The&'e ve __ rUd inll.ence of the str •• h of the 

lnorvanic •• lts in the perceata,e of rootill9 aDd the .Ullber 

of not. per: .hoot. ...,.. ... t favourable .ffe~ .... at 

'bIllf atreD9th. Bighty per cent root:1D9 ana fou roots per 

.hoot weN ftcol'ded by t.hia l .. el, wMle the ftOEWal COftoeB­

tration record" only ~O per cent rooting and 2.1 root. per 

.hoot <'1'ebl. J1). Quarter atad double .trengthe of the .. 

illOl'9anic •• lts affected root. ialtiatioe haYill9 PrOduced 

only 2. rootiag aDC.'! OIle to two roots per shoot. 

b. Organic growtb factors 

Alteration of the atnD9tb of the MS organic 9rowtb 

factors fraa tlw IlOrMl, appreciably affected root initlatiOll. 

'!'he root initiation "a. 2<*, .. ani 4'* at quarter, balf 

/ 



Plate 15. Slight callaa1.." Oba.rved at the cut end of shoot, 
prec~1D9 t_ Ja xilro root1ng of Jack sboot culture 

MravDif1cat1oD. x 1.27 

Plate 16. '1'br_"eek old Jack plaatlet ahowiD9 thick, d .. p 
yellow roots 

HavDifleatloa. x 1.14 





.,.ble 31. .ff_et of lIS inorganic salts, MS organic 91."OWth 
factors, eucro.. and agar on tbe ill utm 
ro~ift9 of Jack.hoot culture • 

Inorganic •• It. 
• 
lit 

.. 

• a.al aediwa containlnv IBA. 1.6 ~ 
eDd )fAA 0.4 p~ 

1/4 COlle. 

1/2 CODe. 

1 eoftC. 
2 CODe • 

CultUZ' •• -
initiating 
roote "') 

20.0 
80.0 
40.0 
20.0 

d 1 

Root. per 
explant 

1.00 
4.00 
2.50 
2.00 

Orqanie growth fe~or. 1/4coDC. 20.0 3.00 
.. 
.. 
.. 

Sucro •• 13' 
.. ~ 
fI 3" 
.. 4" 

ar O.4~ 

.. 0.'" .. 0 •• 

.. 1.«* 

1/2 CODe • 60.0 
1 COIle. 100.0 
2 cone. 40.0 

20.0' 
60.0 

80.0 
90.0 

0.0 
80.0 

60.0 
20.0 

... AYer 9- of fl •• ob&erfttiona 

Culture parted - f1 •• weeke 

2.67 
5.60 
2.$0 

2.00 
3.67 
4.00 
3.80 

5.2S 
4.15 
4.00 

2.00 
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aDd doUble .treng~h of t~ or;anic factors, respectively 

(Table 31). '!'be correa DC'l1ng value. for the number of 

root. produced Per .boot were 3.00, 2.67 and 2.50 respe­

ctively. HUndred per ceDt rootil'l9 witb 5.6 roote per shoat 

v.. achievee! only at tbe Do~l concentration of 

factor •• 

ore) n1e 

'I'he opti .. sucro •• concentration vas found to be 

• for obt 1&ing the highest rootinq f)ercentlu;e (8OJ') 

.114 the laC'Oe.t Dumber of root. per hoot (4.00). Though 

the higher concentration of sucro.. (4.) 1 0 effected 

~ rooting, only 3.75 root. per .hoot were produced 

(Table 31). 'I'he per cent cultur •• in1t,latinq root. nc! the 

number of root. I" shoot aecreased with deere .8 1n the 

ucro •• content below ~. 

3 • .Phys1c 1 cond1tlon of the ..alwa 

S0116 mecllum with agar 1n the l'an;8 of 0.' - 0 •• 

was ob _"ad to .ffect 8<* rootill9 and 4.15 - S.2S root 

r shoot (Table 31). However, 0 •• agar s foun to be 

better for ... 11'1 ••• of handliD9 the cultUJres. Ag' r 0 •• 

recora only ~ rootiDg ane! 4.0 root Per .hoot. 

er cent rooting ena nWlber of roots I" shoot we" observed 

to be or at ~ aqar. 



"I'he 111 'i$"9 rootil'lg "as better at balf .t,r.~h 

of the inorganic 8 Its, full atrength of the org nle 

growth f et0rs, .. sucros. aDd 0.6" aqar. 

B. Planting out the plantleta/ahoot to aoil (Stage IV) 

1. Aft I" JJl y,trQ root1DcJ (Plant lets) 

,.he ffeeta of tt,lll9 I81xtures, ave of the lantleta, 

light intenaity prior to plentin; out, hWli4ity _lDt:enance 

tbods, growthaubstanc. epray. and nutrient. stane r 

solutions OIl the sur.i .. l Of the plantlet. were as.. .d 
I 

• the re.ult are .. eDted in "ebles 32 to S3. 

Tbe most suitebl. POtt11l9 .adiUlll vas foun) to ~ 

.. ~c:ulite. It registered the .Sa. surYl 1 (S5.aU 

of the plant lets. The ttiD9 talxture consisting of sand, 

8011 and colI" dust U.l.1 ./.) vas also found to be u •• ful, 

but recordec! oaly .~ surv1yel of the plantlets ('rabl. 32). 

The other t1D9 mixture. trled fal1ed to support tbe 

.urvl~ 1 and growtb of the Dlantleta. 

b. Age of the lantln. 

Age of the plantlets at t~ t1 ... of lantlnq out 

" s found to lnfluence their survivel (Tebl. 32). The 

8urYlv 1 rate of 55 ..... obtalnea when tbe pi ntlet , 
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Table .32. IDflve ... e e! pMtlag llixtur •• , ba1dlt,. _lat_ace 
.. tboa8, aV8 of the plantlet., 11ght: lat.n.U:,. 
on. w.ek prlor to plarat 1119 out an«! 9S'owth ••• tanee .pra,.. _ , ..... ,,",v.l of tbe plant leta aft.r: 
pla at 189 0 •• 

A • .Pott1D9 lliat"" 
1. Sand ... .011 (1.1 v/v a1xt\U'~) 
2. Sand .... 011 + oowd\lDl (1.1al v/v a1xtUl'e) 

3. V .... lc:u11t. 

,. Coil" dut 

Survlyal 
of plaatlet. 
plant" out 

~) 

5. 881M!! .... 011 ... eoiS' .sut (1alal vI. aixtur:.) 

6. '~r:lce-2' com.er:c1al ... ~ pot 

Ob 
Ob 

55.,a 
o 

,o.0'» 
ob 
~ 7. s.pbaga_ ......... 11 (1.1 ..,/v) JdXiRlr. 

B. Bua1c!lty _lnt_aa ...... 1 •• 

1. Ola •• beaker: 

2. Petri plat. + vla •• Ma_r 

3. JUcr:oacope COY ... 

,. Pyr:aad.t! shaped polftbea. coy.r: 

C. AIj_ of the plant let a at the tl_ of plantil19 o\lt 

Me il' thl Rlaptletl 

1. Root bittatiOD 

2. • 
811 

ODe week 
3. OIl. week after root ia1tiatioD one v .. k 

4. 'l'vo weeka after root initiatioa one ".elt 

s. 'thr .. weeks after root 
iD1tiatioa One v.ek 

(Contd. ) 



'l'a'bl. 32. (Contd.) 

Surviftl 
of pla nt l.ta 
planted out 

"') 

D. Light intensity OM week prior ~o plat*lnq out 

1. 250 lux 

2.1000 lux 

1.1500 lux 

&. Growth substanc. spray •• fter plant1D9 oat 

1. BA 10.0 ppa 

2. ldDetin 10.0 PI8 

1. MAo 1.0 P18 

4. ABA O.OJ PPII 

• - A •• ra.e 01 18 obaervatlona 
b - A •• rav. of 5 obaervationa 

c - A.erage of 6 obeerwationa 
d - Average of 12 Obeervetl0ft8 
• - A •• rage of ' •• erYetiona 

50.0· 
50.0· 
25.0· 
50.0· 
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jut after the root 1ld.tiatlon (.Plate 11), vere .ujeate4 

to OM weele of 18 Illa 1a.udeaiJ19 w1th reapect to l19ht 

and te.aperature beton t&-an.fer to the pott1n9 aixtun. 

PlaatiDg out t.mediate1y after root 1D1tiatioD (wlthout 

hardeftiD9) failed to 91 ••• \ICC.... Delaying the plant1., 

oat t111 the roots an .ufficiently e10llgated va_ fouacl 

to be UDfa.ouralt1e. Pla.tleta, tbne w.b .fter: root 

laJ.t1atloe (Plate II' ••• Ubjected to one weelt' 8 hadeat..., 

wbeD plaDted out fa11ed to _ttn'l.e. 

c. Llvht lnteulty 

When the cult.,..s w.re 8ujectec1 to hal'CtenlD1 wlth 

reapect to 119ht at J500 lu for .. w.ek, the plant1 •• 

aunived bett.r (58 •• ) tllaD wha. they wen expoa.d to lower 

li9ht lnte .. lty of 1000 1_ (40.(JJ6. a,,"1.a1). When the 

bardeDinQ proce •• wa. 'otelly e11aa1Date4, the plant1et. 

falle(l to aun1.e <'1'able 32). 

BWaidity duriD9 the 1alt1al perlOd after plantlD1 

out va. ob.eZ'Yed to lld1 ..... the 8urY1.a1 of the -plantl ••• 

II1cr08cope coven (Plate 18' "ere foaD! to be thlt 180ft 

sultable, .. lnt6ininq 90 - 1oe. a .B. aad su~rtin; 15 •• 

of plantlet 8,,"1va1 ("able 32). P1aclDCJ the pots il1 

petrlplat.. COJ'lta1aJ.ag _tel' ana COYeriD9 the aa. with 



Plat. 17. Jack plant let , Juat aftu root lD1tiatlOD 

_gnificetloll. x 1.1 

Plat. 18. IUcroecope ~.r for _lataiaiag the relat1ve lwa1dity 
at the requ1rad le •• l (90-1~) plantlet 8urYiv.l • SS.~ 

Magnification. x 0.07 
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91a •• beaker (Plate 19' vaa foUlld to be -le.s succe8sful, 

accountiag for only 13 •• sur"i"al. .,be reat of the 

tr .. t-.Dt. w.re unsucc.ssful. 

'!'he ".rlous CJ~h ••• taac. sprey. 9i"en to t_ 

plantlet. planted out 414 DOt t.pcow. their surYi"el rat. 

('fabl. 32). 

f. .utri.nt aterter solutlon appllcatlon 

'l'vo atarter 80181l:10u w.... trie4 for booatinv llP 

the 9~h of the •• tablla .. plantleta. tibea the nutl'i_t 

solution of .PIC 10.52 al0 ... tl0 va. applied to the pOtting 

mixture, all the plantiets 41'1e4 up. Growth of the 

plant lets _s _rkedly superior wbeD 1/2 iii inoqaalc •• 1t 

.ollltlon vas applied (Plat •• 20 ana 21). ' '!'he plantl.t. 

regist.nd a he19ht of 1~. 71 _ wlth six 1 .. " •• ha"lll9 a 

leDOth of 9.15 em a" breadth of 1.10 CIB, thr .. IBOntha 

a fter plant 1D9 out frab1e 33'. 

2. Dlrect tn_planting of sboots wlthout roota 

Shoots from the eloagatlon "'lu. " ..... taken out, 

l-.rse4 ln diff.rent con.C8ntratlons of IDA solutlon fol' 

2~ hours and than tranaplanb4 to a pottiD9 aalxtUrtt (A", 

.011. cowdUD9 1.1.1 "1"'. aootlag was not observea In 1lIIY 



Plate 19. Jack plantlet ift pot placec1 1ft petri plate. containing 
vater anCi COV'ered with gla .... leer. Plantlet 
survival - 3l.~ 

Magnification. x 1.03 

Plat. 20. Jack plafttlete, thr.e IaODth. after transfer to ordinary 
pottiD9 ....,iwa 

_vnification. x 0.22 





Plat. 21. Jack plantlet, tbr: •• .-ntba after transfer to 
or.:! inary pott in; _4i_ 

MaVD1f1cat1on' x 0.39 

Plate 22. ltlpl e , s boot pr uction fro. Jac .b~ apex 
(aources six-v •• k 014 aee4l1ft9) on _ me41ua ... 

BA10.0 ppa ... 0 .2 p • Multiplication rate after 
fi •• w •• ka. 17.4x 

Magnification. s 1.52 
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-.rable 11. .ffect of atltr1eat etarter 80lutl0118 on the 
growth of the pl.ntlet., pleat .. 0'*. 

1. Tap vater 

2. 1/2 IE .alt solutioa 

1. RPK 10.52.10 autrlent 
.olutioa 

-

_.191* of 
the 
plaatlet. 

(ca) 

Leave.1 Length Breadth 
plant- of the of the 
let longe.t loBle.t 

l .. f l .. f 

3.75 

6.00 

o 

(ca) (., 

3.85 

9.75 

o 

2.83 

5.30 

o 

-Av.rav. of foUl" obaerYatlon8 .... :I __ t_ 
.fter plantlD9 out 



of the abo .. treat_lIta. '1'he sboots staned wiltiJlV after 

10 4ays with .,apt ... 0' 4e.8yin9 fraa the ba •• l reqlon. 

r. III Xi'" shoot prollfentloD an4 rootlraq of explants 
froa .eedllag. 10-,..1' 014 tn.. lO-year old t .... end 
slx-.ath ole! 91:.ft;; 

In the st.sle. to .. aeneiD the In! luence of the 

.CNrce of the explants OIl the iI y1,g sboot aultlpllcetloD 

aDd rootlD9, the _pleats of •• "llng orlg1n ga". "ery good 

respon.e. vhere •• those of _tue tr.e. and grafts exhlbltec1 

low re.ponse, ...,.n tbo\lfh fr .. h .t •• PJ:"out. vere ua .. aDd 
b 

rePe8t.4 supulturl111 "'s 401le "".ble 34). 

In the ca.e of seedllDC) explanta, _xia ... ~ 

prolUeratlon (17.4) _ •• chl ...... at BA 10.0 ppa (Pl.te 22). 

Thls le".l of SA vas alplflcafttly auperior to the re.t 

of the l.".ls. The n.pou. to the h19her aD! the lowel: 

levels "arled frca 4.4 to 14.0 .hoots per explant. 

Sxcellent root1 .. of shoots (100.<*) vlth 4.25 to 

6.00 roots per .hoot ".s obtalned by treatment wlth I~ 

caablDatloD 0.2 + 0.5 ~ .na 0.4 + 0.4 ppa •• vell •• 

DA 0.2 Pta and 0.8 PPM. -rhe I8A/)1AA cOlibinatloD 0.4 + 0.4 P18 

ncoEded the _XU" •• -.bar of root. (6.0) 1ft lO.75 4a,.s 

('rebl. '0). rlfty to • ...,.Dtyfl .... per cent rootlDg' (with 

2.5 to 7.13 roota per shoot) .a obtaine4 ln aboat 29.00-46.25 



SA 2.5 ~ 
SA 5.0 pra 

SA 5.0 ppa 

BIt. 7.5 ~ 
BA 10.0 ppa 

8A 12.5 p.-

8A 20.0 piIa 

SA 40.0 W-

bbl. U. .ff.ft of BA on the ia yi,ta _ltlpllaatiOll rat. aad 9EOWt:h of j-c1t 
.hoc*s of dlffereDt a .. CJrO\lP8 

(Liquic! 
8ec!i'Gll) 

bplaat 
fro-

8xplaat froa 10-year bplant f~ 100year Bxplant fl'O. 6-aoIat:h 
old tr... old trees oll! vraft. 

.. .,lillg8 

.hoot .. 
per 
explant 

4.4 
8.8 

11.' 
17.4 

-
14.0 
11.8 

Sboot.- LeDqth of the 
per 
explant 10Dg'-- 10lMJ-· 

e.t _t 
s'boot leaf 
(ca) (ca) 

2.80 

-
1.00 
1.00 
1.00 

2.00 
o 
o 
-

2.52 

-
1.42 

0 

0 

• - Ayerage of fift obe.rvatioaa 
b - Ayerage of 11 ob •• n&tloa. 
a - AYer8g. of .1CJht obtJenatl0D8 

--------------------Shoot. LeDl,Jth of the Shoot.· Leagth of the 
per per 
explant 10DIJ- 10IIII- .apla. 

2.091" 

1.250 

1.00c! 

a 

0 

0 

e.t eft 
.hoot l .. f 
(eJD) (c.) 

1.9-1' 1.3j'J 

2.'gC 1.140 

2.214 1.254 , 0 

-
0 0 

0 0 

1.0 

1.0 
l'tJO 
1.0 

1.90 

-
1.15 

0 

0 

c1 - Average of two cb •• r.atlona 
e - A •• rev_ of four Ob.er.ationa 

Iong-· 
eft 
leaf 
(ce) 

-
1.77 

-
0.10 

0 

0 

-

culture parlad - flYe weeks 
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days with lAJV'DA ..,.,l_tion 0.1 + 0.1 ~, lIlA 1.6 p~ 

en4 laA/1BA C08Iblaatioa 2.0 + 0.4 Pta ('fable JO). The reR 

of the 12 treataeate tri" wen fo\lBd to be i.ffecti ... 

rreah .t. aprouta fJ:'Oll 10-year 01c1 trees, aft.r 

cultur. establism.nt, w.n aubj.cted to shoot Pl'olif.l"ation 

tnat .. ats. 1IaI1tipl1cat1Oft of the aboot. vas ob.en_ only 

at the lowe.t 1.".1 (1.0 .".) of SA. tried (Table J4). 

The rat. of aultipllcetlon waa Yart low (2.8 sboots). B1c,ber 

l ... la restricted the 9rowth of the shoots resulting in 

aln91e .hoot per cultu.... At BA 1.0 PJ;Xa, the len;th of the 

longest .hoot w. 2.26 ca. '!'he longest leef .a.unc1 

2.52 ca. BA 7.lppa reool:'ded 2.0 ca a. the shoot l.nqth 

and 1.42 ca a. the l.af l~h. 'the shoot. aftC! the 1 ..... 

were .ery e.ll at the h19ber l .. ela of BA. When the .hoots 

frca the proliferation -.c!1W1 were tran.ferred to an 

eloagation aecSlwa (SA 2 ppa + DA 0.2 Pta), no 1lU'1cec1 

iaproye.nt In shoot CJZ'owth vaa obaeZ'Yed. The shoota 

attalDec1 • 1.DCJth of OIlly 2.1 CIB, with a l.f leDQth of 

2.5 011 in about six w .. k.e. aootlaq of ehoots wes att .. pt" 
with -1/2 .. + leA 1.6 PIID + IIAA 0.4 PJa- aDd -1/2 MS ... lU. 

2.0 p~ + BAA 2.0 Pta (for 6 daya) aDd then 1/2 MS without 

9rowth subetancea-. Forty per cent l'Ootinq vae obtained 

in both treat_nte, with 2.5 root. per shoot ('fable JO). 

aow..,.r, tbe latter treet_nt took OIlly 2' 4a.,. for root 

ialtiatlon, while the fo~r toolt 44 etaya. 



"altiple .hoot f.-tion ...... 111~ vith 

aplante fre- fre.h .t •• prOlft. of 10-year 01<1 t ..... , 

with diff.rent 1 ... 1. of BA 1ft .01i4 -.diu. (containin9 

lUiA 0.2 ~). Multiple .hoot. weZ-e obtained (trabl. ,4) 

only at SA 5.0 p~ (2.09 .hoot. per oulture). Shoot. 

turned brown and died at the h19ber 1 .. e18 of SA tr1ect 

(10.0 PJa, 20.0 ppa aDd 40.0 ppa), _cept at 7.5 ~. 

In 11qu1t.' _.11., 8A at 5 ppa z-ecOJ:C!ed only 1.25 shootll 

per cultur.. Tbi. treat __ was 1nfez-1or to M 5 ps- 1n 

.01id ...,1 .. v1th respect to .hoot prolif.ration. However, 

the shoot aDd leaf ,rovth were better 1n the liqUid ... 1_ 

(2.39 ca ana 1.84 cm, re8peR1 •• 1y) than in tbe 110114 

_diu. (1.97 CIIl aD! 1.12 _, respecti •• ly). At BA 7.5 ppa 

a shoot length of 2.25 _ ana • 1.f 1.ft9th of 1.25 _ wer. 

ob •• rYed (Tabl.34). 

Tba .hoot. w .... subjected to two root1D9 treat_nt. 

-1/2 .. + IDA/BAA COIIbiDlltion 1.6 + 0.4 ppm- aD! -1/2 .. + 

IBA/lIAA COIIbl_tion 2.0 + 2.0 ppa (for 6 clays) and then 

1/2 MS withOut ,rowth subetanc .. -. aootiDQ was not 

obse"ed in tbe former ••• , ... n after three sub culture •• 

'rhe latter treat_nt producec1 15.0 pez- cent rootinQ aft .. 

46.7 4a,.., with three aucult... ("able 30). 

Bxplants fZ-aD 8is-lIOnth old jack qrafts v.n 

subjected to shoot prolifeE'lltion trial., ttXPectill9 bett ... 
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perfo~nce r ••• 1'i81 froa partial reJ_enation. Bouft'.r, 

the treet_ate with 8A (1.0 to 12.1 ppa) ... IUIIt. (0.2 pna) 

w.r. DOt effeeti •• ia 1nduei89 multiplieatiOft of tbe shoot 

apices aDd axillary bU:CIs, altbOaqb 1001(. SUn"i",al of .hOOts 

a~ fairly .ati.fecto~ .hoot growth weI'. ob.e"_ ('rabl. 34). 

aootiDQ of the shoots w.r. tr1., witb We. tr.at_at. 

·1/2 JfS ... lBA,1I1AA COIIbiDlltloa 1.6 ... 0.4 PJB- aDC! -1/2 MS ... 

IBA/QA cOllblnatloa 2.0 + 2.0 ppm (for six dey.) aDd t~ 

1/2 .. witbout vrowth .ub.t .. c .. •• '-ba rootiD9 Percentit"e 

aft.r ODe _.culture wa. 101'. Galy two root. Per .boot 

(.lat. 23) weI'. producec1 after 20.1 days ('rable 10). 

o. cytological _Idnatioa by ~ tip .q.sh technl.pe 

'1''be laflaenc. of Ia y"" ClIlt1ll'. tecbalq\te. OD 

tbe chraaoa_ •• tability of t'M plantlets rai ... frc­

.xpleDt.. of flve-year old t ..... ana s8841il19. 'bas be.n 

8 .. a1n84 by tbe cOftY.ntloMl root tip .quash technlql1e. 

'1'he .. ,aphll ..... "8tio_ are Pre •• nted 1ft plat •• 24 aDd 21. 

The plantl@t8 rec:O¥'ered fraa tbtl shoot apic •• of 

fl •• year old tn •• and • ..ali ... _lnta1Ded tbe diploid 

natun with the nODlBl cluU808oaae COllDt of 2ft • 16. 



Plat. 23. la XiS" rootiD9 of jack eboot apex cult"" (sourc •• 
iIx-lIOllth 014 Jack 9r4ft) 1. -1/2 Ie + DA 2.0 Pili + 
JtM 2.0 PIlI 'OJ: 81x ~ys eatS tbe. 1/2 )18 without 
9rowth .abet-ac.s-

lla9a1flcetloD. x 0.12 

'late 24. Metapha.e plate of a cell f&'Oll tbe root tl p squash 
of Jack plaDtlet, ahowiag a c~.ome aa.ber of 
2D • 56 

Ma9D1flcatlOD' x 1600 





late 25. •• plate of • cell frGla the root tip squaah of 
ee411Q9, shawing • cbroaoac.e IlUIBber of 2n • 56 

Jlagnificat10ru x 1600 

Plate 26. C. • of leaf PI' uee4 by Jack plant let , ehowillO tbia 
cuticle 

gnifio tion. x 100 
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H. Hlstologlcal lDY •• t19atloaa 

!'be 1....... frca tM •• ecSl1D9s (u.~ a. the .ource 

of expl.nt.) and the 11'" plelltlet. (prior to anet after 

bard.lliag) "ere •• 111.... to UIlC1.r.taDB the anatoa1ca 1 

diff.reDc •• , if allY, that could contribute to better .urYl .. 1. 

'.L'he lea .. s of the .." plantleta ".r. ob.ernd to 

ha ... e thianer cuticl. (Plat. 26) a. coaper~ to tho •• of t_ 
.eedling 1 ....... (Plat. 2'7). '!'he new lea ..... prottucecS by tbe 

bard.ned plantl.t. aft.r .. tabli.~nt out.ide (Plat. 28) 

alao had thicker outlcl ••• 

• oo~c. of productiOD of jack plantl.ta 

'the co.t of produftioft of Jack plalltl.t. ".109 

.xplants fl'OlB fr •• h .t •• ~a of fi ..... year 014 tr ..... 

worked out ba.~ 011 tbe facll1ti •• of the Ifl.sue Cultur. 

Leboratory .t tbe COll ... of Horticulture, ba ... ino a potential 

of maintailling 4200 cultures for aDltlpllcat10n, 4200 cultures 

for shoot .1089.t10n, 4200 cultur •• for J.a vitro rootiDIJ 

aDd '7000 pl.ntlet. for ha.ftl.nlq ('r.bl. 35). OM acl.nt1.t 

Us.1400/- p.a.) and OIle !'ecbllio1an <Is.I000/- p.a.) ".n 
con.id.r.., nec •••• ry for the work. The number of illlt tal 

.xplante "a. 100. IJ:he dUJ:8tion for culture .etabli.Maent 

wa. eix " •• lea, for sboot prolif.ration, five " •• ks, for 

ehoot .longat1oa, four ... lta, for 111 litro rootiDCJ, fftr 



Plate 27. c.s. of leaf produced bf jaok .eed111lq, .hOwill9 Donal 
cuticl. 

"pif 1Ctit1OD. x 1100 

.1at. 28. c.s. of l .. f prOduced bJ' jack plantlet a.fter eat.bli.hinv 
outside, .bowing DO~l caticl. 

Na.n1f1catioa. x 1100 





JaB 
-rabl. 35. aconoalca of production of Jack plant!eta tbrouqh 

Ja y1\£O culture 

I. Co t of P uctiOD 

"'xu city for tbe 
PI:' uction of plantleta lUl4er 
t exiating phyaic 1 faci­
litie. of tbe ~.e. lab at the 
0011_0e of ~lcultur. 

, 4200 c::ultures for .boot 
.ultlpl lcatioD, 4200 culture. 
for shoot el0D9atlon, '200 
cult ure. for rooting a 

,eicel 

1. Gla. ware. 
2 ,. Cheaicala 
3. OOd.n ncb - 7 Mo •• 
4. I'luor.acent tub •• 

(63 80 .). fitting. 
5. utoel •• - 1 o. 
6. LaJllD1lJ:' aid low cballber -

1. 
• 

9. 
10. 
11. 
12. 
13. 
14. 
15. 

16. 

1 • 
1r COD ltioMr - 2 
baker - 1 o. 
ot al~ owen - 20 •• 
lance - 2 lies. 
-.tar. 1 .0. 

efr1g. t~ - 1 BolO 
ater be h - 1 BolO 

tin9 atla. - 1 o. 

• 

ouhle g la.. 41 t1llat1on 
lt - 1 .et 

CottC..l, lnocul.ation a148, 
fol1, lcobol etc. 

It. 
Is. 
II. 

Is. 

Is. 

Is. 

II • 
as • 
II. 
Is. 
Is. 
II. 
II. 

II. 

II. 

1000 plantleta for hardening 

ax rx11tur. 
per year CIs. ) 

10000/5 yr.. 6000.00 
10000/5 yr • 2000.00 

6300/20 yr • 315.00 
6000/5 'Ira. 

21000/20 yra . 
25000/10 7ra . 
30000/15 yr •• 
8500/10 yr • 

10000/aO yr •• 
10000/20 yra. 
4000/10 yra. 
6000/15 yr •• 
5000/20 yr •• 

400/5 'Ira. 
6000/10 J'rB. 
1000/yr. 

1200.00 

1250 .. 00 
2500.00 
2000.00 

0.00 
1100.00 
500.00 
400.00 
400.00 
250.00 

.00 

00.00 

1000 .. 00 

17. 
1 • 

ad t pot t iDq mdxture ~. "OOO/yr. 
3000/10 yra. 

4000!~ 0~ 
300~OO 

19. 

20. 

Humidity lntenance 
avic .. 
lectricity c rue a I 

_lnt.MDe c l:ge. aDd 
atacellaneoua ita 

u11 i nd furni s hing. 

8. lar)' 

1. alary of one sclentist 
(Pay .1400/- p.a.) 

2. a1 r:y of one technician 
( Y II. 1000/- p .... ) . 

II. 

Is. 4000/yr. 

• 100000/50 yr •• 

• 16so0/yr. 

• 12000/y ... 

Total 

4000.00 

2000~OO 

16800.\00 

(Coa't \ ) , 
\ 

\ 
\ 
" \ 

\ 
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'fabl.35.(Contd.) 

II. Rulllbel" of lantlets produced per year 

o.of veeu Culture Shoot prol1- Shoot oot1ng Plant let 
.at.bIl- feration elODCja- fter 1-

meAt t10n month bar-
denin9 

6 100 100 
11 573 

16 3283.3 
21 18813.3 
25 4200 
26 24066 
29 2940 
30 4200 

~1 2'066 
34 2940 1634.64 
35 4200 
36 24066 

39 2940 1634.6' 
40 4200 
41 24066 

4. 2940 1634.64 

'5 4200 
46 2'066 
49 2940 1634.64 
50 '200 

'fot 1 6538.56 
III. Cost of r uct10n of 811191e plant let 

Total eost involved per year • 59445.00 
Rumber of pl ntlets produced per year 6538.56 
COEt of pr uction of one pl.ntlet: Is. 9.09 --
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vee •• Dd for plantl .. ~ aad bard_till the 'Piantlet., 

fi.e weea. After 21 " .. b, two cycle. can be introdueeCl 

into the production .yat... A portion (4200 .hoot.) of 

the .ultiple shoots ~aeed (18813.3 .boot.) can be 

dl.erted for .ill yl\m rootlD9, the r •• iniD;J portion to be 

recycle(! for the sbOot prollf.ratiOD. Ba.ed on the capaclty 

of the Laboratory I rat. of cult .. e •• tabll.'*-tnt (100.~), 

rootlD9 r •• pon •• of the .heGt. (70.«»') .n<! tbe .u",1 .. 1 

of the plantleta (55.",), 6138.56 plantlet. per yeer we. 

estt.at.a to be producecl. fl. total co.t invol"e4 per year 

worked CNt to Is. 59445.00, tbe coat of builCJ1D9, eClatpalent, 

CJlaaawares, ch.ucal. aDd ..... c.ll .... o_ 1t_ •• 181 b ... 

distributed OYer tbe year. acc:ordtll9 to their potentiall 

c1ur.bl1ity. -rhe co.t of prOd1lCtlon of 0_ jack plantlet 

lncludlng one IaOnth·. bad_iat va. found to be 11.9.09. 

A further perlOd of upto .ix .oathe .y be requir.d ln the 

nur.ery which coulc1 iDe ..... the coet by about 11.0.50. 

U. lIWI.a.D4a 

A. C.ltur ... tablill~_ (ata9. II) 

1. ..t.bl1 ..... of .boot apice •• nd lateral b1ll1. 

Shoot .plc .. aD!! lat.ral ))ade of .u.sa .... " .. . 

• ojectad to •• rlou8 culture .stabll.lIMent treat_at .. ... 

tbe r •• ults .1'. pre •• ntect ift Table '6. HUndred per cent 

culture .ury! •• l aDd act 1 •• 1,. 9&'GWlag eultur •• of the .hoot 

apic •• weI'. ob.el"¥'et1 in" ..ett- .upple_lItad with 8A 
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Table 36. Effect of dill.nat ~re_t"Dt. OD the aurviftl 
aDd 9rowth of _.a.na. sboot -PeX culture. 
<.1a .Ma~ nlea •• of _x11lary btad.) 

k1net1n o PIa .. 0.5 Pta .. 1.0 ppa .. 2.0 ppIl 

81. 0.5 p~ .. 1.0 p~ .. 2.0 ppa 

kinet in 2.5 JJK + JIAA 0.1 ,All 
.. + .. 0.5,61l .. + .. 1.0 ;6N 

kinet1n 5.0,uN + ltAA 0.1 ~ 
II + II 0.1" 
II + .. 1.0,.tlt 

kiD4ttin 1<;0.AM + )1AA 0.1,.w .. + II 0.5,A1K .. + II 1.0,Mll 

SA 0.1 ppa + kinetin 0.1 ppa 
II + .. 0.3 pt'8 .. + .. 0.5 .... .. + II 1.0 P1B 

SA 0.3 ppa + k1netin 0.1 ppa 
II + .. 0.3 p.-.. + .. 0.5 pra .. + .. 1.0 p.-

SA 0.5 Pta + lt1Det 1n o. 1 Pili .. + .. 0 •. 3 ~ .. + It 0.5 ~ .. + .. 1.0 ppa 
SA 1.0 p~ + kinet ill 0.1 ppII .. + .. 0.3 Pili .. + .. 0.5 pta .. + .. 1.0 p __ 

.... 1 med1\111 ... 

S""1,,.1-
'" cult .... 
ali".) 

60 
80 
60 
20 

80 
80 
60 

100 
80 

100 

80 
100 
100 

60 
100 
60 

60 
80 
60 

100 

60 
100 

80 
40 
SO 

100 
100 

80 
80 
60 
80 
60 

Culture.­
exhibit1., 
growth "') 

0 
20 
40 

0 

40 
40 

0 

0 
0 

20 

20 
0 

20 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

20 
40 

100 
40 
20 
20 
20 
0 

• - " .. rag. of f1.. ob •• rvet1Oft8 Culture period - I v .. a 



0.5 ppa + kinetin 0.5~. Majority o! the other 

treat __ s also suppone4 the saryl •• l of the cultur .. 

f6irly vell (60.0 - 100.0 per Gent). Bow ... r, the 

p&'oportion of 9zoowlnv cultur.s in the •• treat_.Dts vas law 

(0 to ,~). Out of the 32 treat_ats inyolvlftCjJ cCllblaatlona 

of BA, klnetia ead 1aA, oaly 14 fayoured the 9rowth of the 

cultures. When latenl 'bvds wen auJected to tbe best 

treatmeat identified, _ly, 8A/1d.netin OOIIblMtioa 

0.5 + 0.5 ppa, 13.3 per .. at aunl .. 1 of the cultures ana 

26.1 per cent 9~iBl culture. hs.lte4. 

In about two w .. ks after the inoculation of the 

shoot .plc.8,. the outel"' 1 ..... started powiftCJ at a fa.t 

rat. (Plate 29). 8, the ti_ they u.pan6ed fully, growth 

of the new lea .. e. wa. la1tiate4. The cultures were 

considered .stabllshed Vbea the abO¥e cbanq •• reached .. 

• atisfactory leYel (Plat. 30). Thls sta98 vas attalne4 

three weeka aft.r laoculatloD, in the ca.e of shoot aplces. 

Lateral buds needed .boat fl .. weebJ to attaln thi8 staQe, 

.s their growth was .1 •• 1'. -rbe probl_ of pfteftolic:s vu 

spar.e In both the aaltare •• 

2. a .. tlc orgen0geDe818 - call .. 'Production 
a. Shoot a pice. 

'fhe effect of the ,. tr .. t_nte llWolvlO9 ~i .. -

tlOils of kinetin and IQA, BA and IUIA as well a. BA and 



.Plat. 29. Nuss •• n4a ahoot apex .fter two weeka la the e.tabllsbmeat 
~1_ (Ms ... BA 0.5 ~ + kiaet1ft 0.5 PI8) 

Maqn1flcat1oD. x 1.56 

Plate 30. Mu ••• enda .boot apex .fter tbr_ ve •• 1a the 
e.tabl1abmeat ~1ua 

Jli9D1f1cat1olu x 1.77 

.. 

-
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DA. on the producti01l a .. 9r~h of _11\18 froll the ahoot 

aplce. of .uaaa.nda .~e ~.a •• ted 1. Table 37. 

AIaOJ19 the tr .. ~_at C2OIIblaetl0ft8 lDYol"lnq klnetin 

aDd lfN\., the h1qbeat "1 ••• for cell"s lDC1ex (el - 367.0), 

9rowth scor. (G - 3.61) aM Per cent callus ln1t1atlOD 

(l00.<*) ver_ "V1at.red l'Jy ltlnetill/RM cc:ablnatlon 1.0 + 

2.0 PJal ('r.bl. IS). I'ifty per cent of the tre.tments recorded 

el "ala •• ranging fra. 133.0 to 367.0, qrowth aco~ fra. 

1.33 to 3.61 aDd hundred Per caR cell_ Initiation. 

A cGIBPIlriaon of tbe -.aD el "a1u •• of the 1 ... 1. Of IIAA 

ewer the 1 • ..,.1. of kinetin showed that IIAA was !lOre fayOQftl»le 

at 2.0 p~ (el - 21J.1l) thaD at the other leftls 

(Appendix 111.1). ... •• el ".luea of lt1a.tln w.r the 1 .... 1. 

of ~ slightly incre •• ed with increasing conc.atratlona, 

the .xiaua balD; .t 4.0 P.~ (CI • 15.18). 

MODI} the BA/JIAA COIIblaatlona, -ximuat call .. lD1!_ 

of 233.0 .DC! ax1awa mBIber of culture. In1tlatlao call .. 

(100.«*) "er. obtalned In BA/1tAA COIiblaatlons 2.0 + 2.0 PIa ... 

4.0 + 8.0 ppa (~.bl. 1t). ~ co.biaatloD8 1.0 + 2.0 

.nd 2.0 + 8.0 ppa regist.red the .ximwa qrowth aeore 

(0 - 2.5). On the Whole fifty ~r c.nt treat .... revi.ter" 

call_ lnitiatlon of 66.7 per cent or a))09., while OM third 

of the treat .. nt. prcwed IMffeetl".. Mod.rat. to 900d 

cellus IDdex (CI • 166.8 to 233.0) aDC! vrowth score 



Tab!.. '"/ ~:ftf'ct of dlffer€'nt trf.'dtI11":.,r.t; or~ :hf. r'lc<:uct lui, _rJf" ,iru".\;. , 
ov~ry Woll Fe(]m~nt -"ln~ 1e,at c:pornent cultllr~F of mll.c:~'-en('~ { ..... '.r 

- - - - - -- -- .. - - _______ 0 _ 

Shoot apex culture 
---~.---. ---.--~ - ---

Treatmpnt CultureI' 
l\ GrowtbS. 

initiating ~coreo 

calluE <%) (G) 
---- -----.-_._._-- -- -" ._.- - - ----~----.------ .-' -----

kinetin 1.0 Ppm + NAA 1.0 Ppm 33.3 1. 00 
2.0 porn 100.0 3.67 

t 4.0 ppm 33.3 1.00 
+ 8.0 ppm 66.7 1.00 

kinetin 2.0 pnm + NAA 1.0 ppm 0 0 
+ 2.0 ppm 100.0 2.3:, 
+ 4.0 ppm 100.0 1.33 
+ 8.0 ppm 100.0 1.67 

kinetin 4.0 ppn + NAA 1.0 porn 66.7 1.00 
+ 2.0 pan 66.7 1.50 
+ 4.0 pom 100.0 2.67 
+ 8.0 PDIII 100.0 2.67 

BA 1.0 OQII + NAA 1.0 pom 33.3 1.00 
+ 2.0 p~ 66.7 2.55 
+ 4.0 ppm 0 0 
+ 8.0 ppm 33.3 2.00 

BA 2.0 pr.m + NAIl. 1.0 o~ 0 0 
+ 2.0 porn 100.0 2.3:, 
+ 4.0 ppm 66.7 1.00 
+ 8.0 Porn 66.7 2.50 

SA 4.0 porn + NAi. 1.0 Ppm 0 0 
+ 2.0 porn 0 0 
+ 4.0 opm ]00.0 1. 67 
+ 9.0 pnm 100.0 2.3} 

SA 1.0 ~Dm + IAA 1.0 p~ 33.3 1.00 
+ 2.0 PPm 66.7 1. 50 
+ 4.0 ppm 100.0 1.00 
+ 8.0 PPm 100.0 1.33 

SA 2.0 ppm + YAA 1.0 ppm 33.3 1.0C 
+ 2.0 ppn 66.7 1.00 
+ 4.0 porn 100.0 LOC 
+ 8.0 porn 100.0 ~ .6" 

l:IA 4.ll 0= + 1M 1.0 ppm 100.0 J .on 
+ 2.0 ppm 0 0 
+ 4.0 ppm 100.0 I • 3 ~< 
+ 8.0 pom 100.0 1.0(' 

"r;":"'f ()~ 'I \'"·.Li(:'n:, 

Ca llur 
Index 

(eli 

33.30 
367.00 

3.>.30 
66.7(; 

0 
233.00 
133.00 
167.Cr. 

66.70 
100.0(1 
267.00 
267.00 

33.30 
166.75 

0 
66.60 

0 
233.00 

66.70 
166.80 

0 
0 

167.01') 
233.00 

33.30 
100.00 
100.00 
133.00 

33.30 
66.70 

10O.CO 
167.00 
10O.OO 

0 
133. on 
100.00 

',t 

" 
C·_ U~-

66.7 
100.0 
13.3 

(l 

33.3 
100.0 
100.0 
100.0 

66.7 
66.7 

100.0 
100.0 

1.00 
2.00 
1.00 

(l 

1.00 
1.67 
1.33 
2.00 

1.50 
1.00 
2.67 
2.00 

... 

~ ~ [~OH\ lloot a f)(·X, 

-(I~'( t-ic .,~qanOqf"""':eF]fl, 

OVc ry \0.'.0 11 ~e(1ment cu 1 t ur~ 

66.10 
200.0C' 

13.3(' 
(i 

33 .. 30 
167.00 
133.00 
200.01' 

100.00 
66.70 

267.00 
200.00 

2 
i_,le.s 

lTL: ~ t.l_n~ 

L:':l..:. ': ~ \%.: 

100.0 
~OO.O 

66.7 
;()O.O 

33.3 
100.0 
100.0 
100.0 

66.7 
100.0 
100.0 
100.0 

1.00 
4.0() 
1.00 
1. no 

1.00 
3.00 
4.00 
1. ";7 

1. 00 
2.00 
2.67 
1. 33 

C-:-;.: .Lt:s
a 

fndcx 
(CI) 

100.00 
400.00 
66.70 

100.00 

33.30 
300.00 
400.00 
167.00 

66.70 
200.00 
267.00 
133.00 
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«(I - 1.67 to 2.10) _I". record" by fl •• out of the 12 

tr .. t_rat. trlec!. IJ"be .an el .... lue. of aA when cCillper" 

.... 1" the 1 .... 1. of SA .bowed that aM va. I8Or. fa.ourabl. 

at 8.0 ~ (Cl - 155.47) than at other 1 • .,.1. (AppeDCIix 111.2). 

SA was .or •• ffecti.e at 2.0 PJa (el - 116.63). 

'l'reataenta tn.ol.1ft9 coab1nationa of .ar1oua le.els 

of SA aDd 1M hcol\SeC! lowr 9&lu •• for callus illdes ana 

growth. Hew ... r, cell .. initiation va_ f.lrly good ('fabl. 31). 

lIbl1. H •• n out of tbe w.l •• tr .. tment. induced callus 1n 

hundred per cent cult ... , Gall' two tr .. t .. ats recorded 

growth acon. aboY. 1.1. call .. ind..x .alu. aboYe 150.0 

va. obtained 1Jl only 0_ tr .. t_t. Maxl .. eI .alu. 

(CX - 167.0) and 91"OWth score (G - 1.67) coupled with hUDdred 

per cent callue iD1tiatlOft weI". recoJ:'\'!ed by BA/IAA COIIblnation 

2.0 + 8.0 ppa. The _n C1 .al ... of IAA ew.r the 1 ... 1. 

of SA .bowee' tbat IAA w .. _r. fayourable at 8. 0 p~ 

(CI - 133.33) than at tbe other l .. ele (Appendix 111.3) • 

Th •• ffect of lAA va. faud to increas. witb incr ... iq 

l ... l •• 8enzyl adenln ...... .-lly eff.cti.e at 1.0 and 2.0 J)l:IIl 

(el - 91.75). 

Majority of t_ treat __ • w.re effecti.. in 

inducing profue callus 9rowth f~ the .boot apice. 

(Plate 31). Sixt_n tr .. t.... recorded hundre4 per cent 



Plate 11. call.s production f&"Ola ...... Dda shoot aPeX culture 
011 MS -"i_ + 'kiaetia 1.0 ps- + BAA 2.0 PPI. 
c.llu. Index. 367.0 

"'gnif1cation' It 2.0 

Plate 32. callus prodllCt1on fJ:OJl _arr wall S89JB8Dt oulture of 
lIlUI£aenda on -:,:-.5i_ + lt1_t1n 1.0 Pta + lfAA 2.0 wa. 
callue 1ndex • 400.0 

lfagD1f1cation, • 2.11 
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FIG: 4· CALLUS PRODucTION B')' E)(PLANTS FROM DIFFERENT P.L..AIJT PARTS 

OF MUSSAENDA AT 'THE 6:EST TRlii:ATMENT IDENTIFIED 



call .. initiatioD, while tM .. _iDiDl recor.ea Q. to 

66. 'JiJ'. Th. ld.Deti8/JaA ~i_tlOJl 1.0 + 2.0 Pta ..... i.t ..... 

tbe -xi_ cell_ illlS. (el • 367.0), Growth .core 

(0 • 3.67) aDd per HIlt cuU:uree lD1tletlftCJ cell.. (lOO.O}U. 

Six tr •• taeDte recorded CI .. lues abW. 100.0. "h. kiD8t1D/ 

RAA coabiDationa 4.0 + 4.0 ppa (CI • 267.0), 4.0 + 8.0 ~ 

(Cl • 267.0), 2.0 + 2.0 ppa (Cl • 233.0), 8A1~ coabinatioDi 

2.0 + 2.0 ppm (Cl • 233.0) .~ 4.0 + 8.0 ppa (el • 233.0) 

w.re eaoe; the treat_at. .hawia; C;ocd "rfora nee. All 

thea. tr •• t .. nt_ induced huadre4 per cent callue 1nlti.tlon 

with prowtb acore ran;iDl fzaa 2.33 to 2.67. 

b. S89Dlellts of leaf 

'I'v.l.. COIIblnat lOfts of ld.aetil1 .nd BAA were eY81uated 

for their capaclty to lnd •• callus initlatlon aDd C)rowth 

froa the SegJIeDts of the .ill v.a foraaed 1 ..... of ......... . 

'l'be results are pr.sent" in -rule 3 •• 

call •• iD4.x yal._ Of 200.0 aDr! aboYe couplec1 wlth 

JaUDdrea per cent cellu ialt1atioa we" recorded by fO\ll' 

treat_Dt.. Growth se ••• raaged frola 2.00 to 2.67 1a .11 

ttw •• tr8i\taeDte. !"be .xiaua .. l .. e for cal1_ ladex 

(el • 267.0), Qrowth score (G • 2.67) and Pel' ceDt cultures 

11l1tlatiftCJ _ll"s (l00.0) were nv1.ter..s by Jd.ftetlD/RAA 

cOIablnetlon 4.0 + 4.0 Pta. COIaparlsOll of the _11 Cl •• 1 •• 
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of the leYel. of .,. on .. t_ 1 ... 1. of 1d.net1n .howed 

t'hat tbe effect ".. _Jd_ at 2.0 ~ (el • 144.51) aDd 

4.0 P'PB (el • 144.41). !"be effect of k1netln "hen CC8Pare4 

oyer the l .. el. of SA va. found to increa.e "ith increa.ing 

cODcentrat1oaa .Dd reached tbe _xi_ at 4.0 py:a 

(eI • 158.43). 

c. Sepeats of ovary .... 11 

"sponae of M9_nte of (JIIllry "all of -usaeDda 

to tr.ataents inYOlviD9 ld. .. t11l aad MA.A are presented 1ft 

Table 3'. 

All the tvel .. treat __ s tr1ec1 ".r •• ffecti_ 11l 

iaehacll19 profuee call .... 1 ... fre. ..... _8 of oyary ".11 

(Plate 32). beept 0_, all t_ tnat_nt. ft91.tered 

'6.1 to 100.0 per cent cult"". 1n1t1atiD9 callus. !'he vrowth 

ecore r.DQed froll 1.0 to 4.0 aDd fiYe treat_nte record.s 

y.l_8 2.0 or aboYe. Ia f1 .. tr .. t .. nts the eI yal .. s vere 

200.0 or aboYe. X1Det1D/-" GOIIIb1nations 1.0 ... 2.0 p~ all4 

2.0 + 4.0 p~ "ere t'he •• t effectlYa tre.t __ s, reCOl'dll'19 

el yal ... of 400.0, 9rowth .core of 4.0 and hUDdred Pel" cent 

callus 1DitlatiOft. ... •• el yal ... of D.A "ben coapared 

ewer the 1.ft18 of kiD8tiA ..... foaacS to be the -xi.- at 

2.0 ppa (el • 100.0). B19her leftl. of MA reconled lower 

el "lues. Kinetin va. _"8 'a.our-able at 2.0 pr- "beD 
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c-pared w.r tba l ... la of 11M (el • 225.08). Ilean el 

.al •• of ld.raet1n 1.0 p,. .114 4.0 Pta wer. lover 

(eI • 166.68). 

'!'he cell •• initl.tion at:artecl 1n abou.t 10 4ay. in 

all the .bov. c..... It •• pnceede&! by av.lliDQ .t tba 

cut .lIds of the .bOot apicea ..... 1N.11iDQ all oy.r the 

.~rat8 of OYart vall. In the c ••• of lea ••• , call .. 

initi.tion .t.ne&! alo ...... ins at firat. In all the 

ea ••• , finally the .ntin .xPlant wa. CIO •• red by white/119ht 

crea., friable to ali9htly ccapact call .. which tuDed 

li9ht 9reeD at tiae •• 

3. Direct .a.at1c .... 809 ••• " 

IDduct10D ef direct orvaaog.a •• i. fram. a titro 

forMt! .boot apic .. , iftt.I"DOdal .89_Dt. aDd. low.r 'bal ••• 

of lea ••• with petiol., va. tri.d w1th tnatneat COIIbinat1ona 

i_ol.11l9 .,.. am 1d. ... tla. Bow .. _r. all the tl"eat_nta fail .. 

to induc. dil"ect 0l'9a809._.i. fl"Olll the explanta. 

4. S-.tle "ryol4 iDl5.ct1oa - c&11u. production 

R •• poD •• S of shoot ap1 .. _ aDd .&A Xlt;ro f ..... leaf 

.tI9ments to the t .... t .. nt c"-'laatloJUI of 2,4-1> ana kiaetl. 

al"e p&"e •• ntet! ln "a"le 38. J)lrect ... t ie ~ryol4 'oration 

va. not .aened. All the tl"eat.enta, except two, induced 

call .. '1"Oa the ."pla.a. 



... bl. )8. affect of cl1ffareDt: t:raat: __ • OIl t:he 1D1!111Ct!ion of ._t:1c: &21111"1'014. 
(callu. 1l1li111.108) f~ .hoOt aPeX all4 lee! .419-- c:ult:are. of _ ...... . 

'l'raa~t 

2.4-» 0.1 .... 
• 0.5 P1Ia 
• 1.0 p~ 
• 2.0 ~ 

2 •• ~ 0.1 ~ + k1Detlft 1.0 ... 
• + • 2.0 ~ 
• + • '.0 p.-

2.~ 0.1 ~ + k1ftet:la 1.0 ppa 
• • • 2.0 P.-
• + • '.0 P)a 

2,4-1» 1.0 ppa + klaatla 1.0 ppa 
• + • 2.0 ps-
• + • '.0 ~ 

2 •• ...1) 2.0 ppa + kiDet1a 1.0 ppa 
• + • 2.0 PlB 
• + • '.0 Ps-

.... 1 118d1jla. lIS 

SMot apex c:ult:an Leaf • .,.._ cultue 

C1Ilt .... • G.:owt.h· call .. • C1Ilt:an.· 
1a1t:iatll19 acon latex laltiat1ng 
oa11_ (0) (el) calla 

eu .) 

6'.1 1.00 66.1 66.1 
100.0 1.00 100.0 M.1 
1 •• 1 1.00 11.1 66.1 

0 0 0 33.1 
66.1 1.eo M.1 H.1 

100.0 1 • ., 100.0 100.0 
66.1 1.00 M.' 33.3 

100.0 1.GO 100.0 66.7 
31.3 1.00 11.1 66.7 

0 0 0 1).1 
66.1 1.00 200.1 100.0 

100.0 1.67 161.0 100.0 
100.0 1.00 100.0 33.3 
100.0 3.11 367.0 61.7 
66.7 l.50 166.1 100.0 

100.0 1.00 100.0 66.1 

• - AYera9. of thne ob •• J:'Yat:1ou 

eultun perl .. - foar ...... 

CJ~h· CeJ1.a· a con I _ 
(0) (0) 

1.50 100.0 
1.00 M." 
1.00 M.' 
1.00 M.' 
1.00 •. , 
1.00 100.0 
1.00 ,11.1 
1.00 61.' 
1.00 M.' 
1.00 II.) 
2.11 233.0 
1.00 100.0 
1.00 31.1 
2.10 IM.I 
1.13 133.' 
2.50 1 .... 
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a. Sboot a pic •• 

BUDdr .. pel' c_t .,.11_ ln1tiatlO11 va. effeate4 

by .eVea out of the 16 treat.ents tried <'rabl. Ii). Two 

treat .. at. (2,4~ 2.0 ppa and 2,~/klDetla caablnatioft ., 
0.5 + 4.0 ~) pr:oft4 i.ffeeti... TVlalve treat ... . 

induced 66.7 per o_t or "'e call\18 initiation ... ud. ... 

call •• ind_ (CI • 16'.0) alii! Growth score (G • 1.67) alii! 

hundre4 per cent call .. iD1tlati01l were reaorcSed by 2,4~1 

kiaetin ca.biaatioD 2.0 ... 1. O~. Ther. wer. nine tren-

.... re9i.terinv ex .al ... of 100.0 or abGYe. COilpari.oD 

of tba .en el val ... of tbe left18 of 2,4-D (0.1, 0.1, 

1.0 and 2.0 p~) oyer tlae 1 ... 1. of ld.netl. (0, 1.0, 2.0 

and 4.0 ppa) abowec! that 2,4-D va. I80re favourable at 2.0 p~ 

(el • 158.41). ... .. n el .. 1 •• of kinetin cOlllPared _er the 

levels of 2,4-1>, "ere fo1lDC1 to d_na.e with 1Dcr ... l.." 

C:OIlCentratione, the .ax1_ beiDlif at 1.0 Pl.8 (el • 183.45). 

b. a..-•• of leaf 

Ifwel.e out of the 16 treat_nt. effecte4 66.' 

per cent or a))(we callus iD1tlation ('1'able Ii). How_el', 

only fow: treat_ate l'ecordec1 9a"OVth eool'e of 1.5 or abcW. 

and only three treat_at ..... l.t.nd Cl "lues of 166.8 

or aboYe. -xl- CI .. lue (el • 213.0) and Ql'OWth seon 

(G • 2.13) aad buDd .... Per c_t call •• initiation were 
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ol» •• ne4 in th. ca •• of 2.4-D/lUft.tla 00llbl .. t10n 1.0 + 

1.0 ppa. "an CJ _1 ... of the 1 .... 1. of kinetin CIOIapare4 

.... 1' the 1 ... 1. of 2.4-1>, dea ..... ed wlth lncr ••• 1D9 COIl.-­
tratloaa, the MSi_ bei •• t 1.0 PJa (CX • 111.3). 

2,4-1> va ...... f ...... b18 et 2.0 ppa Uleaa CX • 124.98). 

B •• ult1pl.icatloa of Pl'opapl. (St.ge II) 

1. aDba ... 1'.1 .... of axillary lNc1. 

a. Standardi •• tlon Of be.1e prolif.ration -.c!i_ 

Aft.r thr ..... a of cultun 1n the •• t.bli ..... 

.-dl .. , the .1ft91• shoot. weh .ubJected to nine treat_at 

cOlibinatlon. lny01.1111 ... (0.1, 0.5 anc1 1.0 ppa) .D&! 

kinet1n (0.1, 0.5 aDd 1.0 P18). !"be muabeJ: of shoot. 

produced per cultan, ..-ber of 1 ..... and length of the 

lOIlO' •• t l •• f, aft.r four weeks of cult ... we ... 1' ...... and 

an pr .. ented in Table I'. tIfhe a.lyei. of .ar1anee 111 

91 •• n in Appendix II. 

i. Rwlber of sboot. 

ne MJd._ ....... 1' of I5hoota (2.75) "a. obsened 

1n the case of BAIJt1_tla co_lnat1on 0.5 + 0.5 Pia (Plat. 33) • 

• ow .... r, the diff.renc •• 1n the maber of sboot. recol'd.a 

by the .arl01l8 tr.at_nt. w.n not stati.tically .19ft~f1cant • 

• ffect of the net of the tnat_ate raa.., frOl8 1.00 to 

1.50 .bootI5. 



ftat. 33. Multiple shoot prodl&ftloa Ira. _.sa..... sboOt apex 
culture Oft _ ... 1_ + M 0.5 p,. + kinet1a 0.5 p~. 
Multlpllcatloa rat •• 2.75x 

JIIlCJD1flcatloa. x 1.41 

Plat. 3.&. Wblte/cr ... callas prochaced fr_ muaaaenda shoot apex 
culture 
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-ralJle 19. Effect of c ...... tiOil. of 8A alliJ kinetin on JDUltiple 
.hoot forati_ froll _.a.elda .hoot apice. 

Shoot. pera 

initial 
exPlant 

Lea.e.a 
per 
explant 

BA O.l·ppa + ltlftetill 0.1 ~ 1.00 2.50 
It 

.. 

SA 0.5 
.. 
.. 

BA 1.0 
.. 
.. 

+ .. 0.5 ppa 
+ II 1.0 PIlI 

ppm + kinetin 0.1 PPD 

+ II 0.5 ppa 
+ .. 1.0 ppa 

ppa + kinetin 0.1 ppa 

+ It 0.5 'Pta 
+ It 1.0 ppa 

1.00 
1.00 

1.50 

2.75 
1.25 

1.50 

1.25 

1.50 

• 
0.3. 

3.00 

2.50 

5.00 
10.25 
4.45 

4.25 

4.50 
4.00 

3.59 
1.24 

a - A.-ra,e of foUl" ob.ervations 
Culture periOl!l - foUl' " .. ka 

Lenvtha 

of the 
long •• t 
leaf (ca) 

1.20 
1.78 
1.78 

2.20 
3.10 
3.00 

1.93 

2.03 
1.55 

0.6' 
0.23 
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11 ..... 1' of 1 ....... 

'I'ber. va. s19nlfic.Rt dlfferenc •• in the na.ber 

of 1....... pc"oduce4 by the .... rioa. t ..... t_nt.. The u.{ld.net in 

co.blnatlon 0.5 + 0.5 ~ •• ill9 PI'Od~e4 the _xi_ 

muab.r of le •••• per cult •• (10.25) va •• ignific.nt:ly 

.uperior to tbe r •• t of tbe ,"at_lit. which w.re on par 

with •• ch other. 

lil. LeDlJth of the loDg •• t led 

Th. effect. of the diff.rent: t"at_nt. triec! w.n 

8i9nificantly diff.rent. BA/I1netin comblnation 0.5 + 0.5 ppa 

and 0.5 + 1.0 ppa w.re oa per with respect to the len;th of 

the 10nQ.st leaf (3.1 and 3.0 ., r.sPeCt! •• ly). '1'bea. 

wer •• ipifleantly .uperi_ to the r.st of the treat_nta. 

After about four w .. lca, ,be .hoot. could be 

.epar.ted aDd plac:e4 in fnah -.diu. of the .... eoaposition. 

'l'he rata of multiplicatlon of the shoots vas ob •• ned f. 

fi .. continuous subcultur .. of fo .. w.eka .. ch anc1 the 

r •• ults .re pr •• entee! ill ..... ble 40. In the baeic proliferation 

..aiwa, the shoot apices prod .... n a.~G. of 2.6 .hoot. 
per' initi.l explaRt ewer • period four weeka. Duriav the 

aub •• quaRt .Ubcultur •• , the auitipllcatioD rata incre .... 

and r_iaed to .n ••• ra •• of 13.4"'. Lateral 'b1l4. a.jeet .. to 

8A/k1_tla COIIbiaatl_ 0.5 + 0.1 Pta faile4 to fol'll _ltlpl • 

• hoots. 
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'rabl. 40. MIllt1pllcat1_ rat. per explant of _ .... nda 
on '.1Ibc\lltU'1ng at 4-week 1nterYal 

1 

2 

3 

4 

5 

2.6 

2.8 

2.6 

3.0 

.... iua • MS + SA 0.5 Pili + 
k1netin 0.5 Pta 

Per cent iDCr .... 
1n number of shoOts 
ov.r the in1tlal 
culture 

7.69 

30.77 

o 
15.39 

13.46 

• Average of fly. ob •• rvation. 
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b. Regulatlon of .hoot pr.llf .... ~l011 • ., 9rowth of ~M 
shoot .pex cultu_ 

Bfl.cts of .ux.i_ (UtA.nd JIM), a4.nl_ sulpbat., 

Ie lnor9anlc s.lte, .Dd •• c:I'O •• on tbe _ltlpllcatlon aDd 

9cowth of the shoots waa ••••••• ana the ,..."lta ar. 

pr.s.nted 1n Tabl.s '1 to '3. 
1. Auxlu 

a •• pon •• of shoot aplc .. to the treat_at. of %Nt. 

aDd aA (ba •• l .actl_ coiltalDl1l9 U. 0.5 pra + kla.tln 0.5 PS-) 

.re 91..,.n in "able '1. fte analyal. of .... rl.nee 1. PreseM_ 

1n Ap1;'endlx II. 

Compared to the ba.lc prollferat1on _ed1., XAA 

(0.1, 0.2 ana 0.6 ppa) aad KAA (0.1, 0.2 and 0.' ppa) dia 

not .ff.~ 81QftlflceM 41ff.r ... 1ft the number of shoots, 

DWlber of 1 ....... aDlS l~th of ~be lon;.at leaf. '!'he _bel' 

of sboots and nWDber Of 1 ...... _1'. Ob •• r:YeCl to be .11qhtly 

r:educed by tbe le .... l. of the tvo .uxins. Bow ... r:,. sl19'* 

ilaprOYe._ ln the leJl9th of the 10llge.t leaf va. abaen_. 

callus fo~tlon frca ~he ••• of the shoots wa .... ned 

1n flfty per cent of the tnatJnent •• 

11. AdeDlne sulphate 

The nUlaber of .hoot., the a\Blber of 1 ••••• aD!! the 

lenvth of the lorag.st leaf •• 1Dflv.eDc:ec! by the dlff.rent 
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'fable 41. .ffect of 1M aDd III..A OIl aultlple .boot formation 
fra. mD .... nda .boat aPices 

.a.al -.dl_ • MS + 1d.netln 0.5 ppa+ 
BA 0.5 ppm 

Treat.eat 

1M 0.1 ppa 2.75 8.25 

0.2 p- 1.75 4.75 

0.4 PJ;8 2.50 6.00 

11M 0.1 PlD 2.25 5.50 

0.2 p~ 1.75 5.00 

0.4 PJXR 2.00 4.75 

Control 2.75 10.25 
(1t1netin 0.5 PJ8+BA 0.5 ppa) 

CD (~) 

SSM .:t 0.45 1.34 

a - A •• rave of four obse~atlon. 

Cult ure period - four w.eks 

Lenqtb o~ 
the longe.t 
leaf (em) 

1.65 

3.40 

3.50 

3.25 

3.70 

3.40 

3.10 

0.25 
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le.els of .4_1M sulp_~. are pre.ented 1n 'f.ble 42. 

'rhe analysi. of •• riaace i. 9i •• n in Appendix II. 

Inclusion of a4eD1ae sulPhate (10.0, 20.0, 40.0 

and 80.0 p~ in tbe ._ie proliferation _451 .. cUd Dot 

.~ificantly .lter tbe 8.-bar of shoots, the au.ber of 

lea.e. and the l.n;th of the lon;est leaf. The diff.renc. 

in r •• pou. of the .. riCMl. le.els wen not s1gnificant. 

iii. _ iDor:pD1c .alt. 

The aultiplicatioa rate and growth of the cult .... 

•• aaodified by tlw .tnD9th of iooJ:9an1c salts in .. -.di_ 

ar. pr •• enta4 18 T.ble 41 •• na the analyai8 of variance, 

in Appendix I I. 

The D1Iaber of .hoots produced per culture was 

eiCJnif1cently reduced by the double •• well .s the quarter 

streft9th of .. iDOr9&nic .elt.. Bowe.er, the differ.nce 

in the number va. not sionificant at tbe full al'd half 

stre.,tba (2.4.DIS 1.6 .hoote, re.pect1.ely). The muabc 

of lea ••• aDC! the 1.DOth of the lODQe.t leaf we ... 

• 1CJnif1aeMly reduced by .1t.ril'l9 the DOral •• It concen­

tration. '1'he no.:.al cODCentration of MS. inorv.1l1c •• It. 

was found to be tbe opt1_ for aupport1a; 1W.ltiplie.tioa 

.n4 growth of at •••• nd. sboot cult .. H. 
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"able 42. aff.ct of adeal_ •• lpbat. Oft 1DU1tipl •• boot 
fOJ:8BtiOft fl'oa ..... ad. shoot .plc • 

.... 1 ..siu. • MS + SA. O.S p~ 
kinetin O.Sppa 

Le •••• • 
pet' 
explant 

Length of­
th.lonqeR 
l •• f (eJD) 

Adeaiae eulphate 10 ~ 2.6 6.8 

6.8 

5.1 

6.0 

3.28 

3.04 

3.28 

3.44 

II 

II 

• 

2Q ppa 

40 ppa 

80 J)Ia 

SSM + -

2.6 

2.6 

.. !IS 

1.1 

a - Aftra.e of five ob.erv.tlon.. 

Cultur. perloc1 - four V"lee 

-
0.21 
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~be .ff.ct of aucco •• (2.0, 3.0, 4.0 .nd 5.0 

per ceM) OIl the aultip1lcat:ion rate an! growth of .u ....... 

• boot cultur •• i. 91 •• n In ".able 43 and the a .. lyai. of 

.eri.DCe, ill Appendlx. 11. 

The n1Ulber of .hoota was not 8i9n1ficantly .1t:.red 

:by the 1 ... 1. of aucros. incorporated in the basic oro1l­

f.ratioll --StUll. Bow..-.r a sli91* reduction in the n1lllber 

va. observed at 2.0 .nd 1.0 per c •• 1 ... 18. Th. mwl:Mtr of 

shoot. produced at Buero •• 3.CJ' aDC! ".OJ' var. identical. 

affect of the l ... la of •• ceo •• on the nwaber of 1 ..... per 

cultur. aDel length of the loa;.st leaf were DOt eign1ficant. 

Sucrose 3.0 per cent. procSuced the highe.t number of 1 ••••• 

(1.6) whil. 4.0 per cent .ffected the gr.at.at lenvth of 

the leaf (3.46). 

n. ADderson·. 8l8dl_ vae fo\lDd to »e unfa.ourable 

for the _ltipllcatlon of ....... sboot culture. 

(-rabl. 44). The n\Ulber of shoots produced Per culture ~. 

only 1.55. Th. nWlber of 1 ..... (3.82) wa. also very -.ch 

reducel! tblin those of the bltate proliferation "'1_, thoU9h 

the leD9th of the lODg •• t leaf (3.66 CII) vas fo\'&lld to _ 

.lightly incr ...... 
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Table 43. .ff.ct of _ tnozvanlc aalta and eucro •• Oft 
aulttple aboot for.mattOft f~ mueeaenaa 
.hoot aplc .. 

IE tnorqantc 
.. 
.. 
.. 

Sucro.e ~ 
II 3" .. 4" .. 5" 

ea •• l _(li18 contain!Dg SA 0.5 ppa+ 
ldnetill 0.5 PI8 

ealte 1/4 CODe. 

1/2 CODe. 

1 coaa. 
2 CODC • 

Q) (S,,) 

81M .:!: 

CD (.) 
SSM + -

1.0 
1.6 
2.4 
1.0 

1.08 
0.36 

1.8 
3.0 
3.0 
2.8 

NS 

0.S2 

Lee ••• -
per 
explant 

2.0 
3.6 
6.0 
2.0 

2.40 
0.80 

4.0 
7.6 
6.8 
6.8 

SS 

0.15 

a - Averav. of fly. ob.ervatlona 
Culture periOd - foar ".eke 

LeDCJtha 
of the 
long. at 
leaf (ea) 

0.92 
1.66 
J.14 
2.30 

0.71 
0.24 

2.78 
3.38 
3.32 
3.46 

as 
0.20 



Tabl. 44. affect of Aader8on·. --'lua Oil multiple shoot 
fo~tiOft Ina _ •••• Dda shoot apices 

lied lUll COI'ltaining BA 0.1 p~ + 
'kiftftt ill 0.5 Pta 

MS baslc proliferatioe 
II8dlu.* 

2.15 

Lea •• s 
per 
.xplant 

3.82 

10.25 

* a •• ults reproduced fr:oa Pr •• iOU5 experi_nt 
ill Table '8 

• - ".erav. of 11 ob •• rvationa 

Length of 
the longeat. 
leaf (cs) 
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'1'na~1IeDt __ 1Mti_ of kinetin (0.1, 0.3, 0.5 

ana 1.0 p~ aDdBA (0.1, 0.3, 0.5 ana 1.0 ppa), kinetin 

(1.0. 2.0 aDd 4.0 PJa) aDlS JIAA (0. 0.5, 1.0, 2.0, •• 0 and 8 .. 0, ppa) 

ana SA (1.0, 2.0, and 4.0 ppa) aDd BAA (0, 0.5, 1.0 ana 

2.0 PIXIl) ".re tri-' to r894aDerete .boot/root froa callu., 

prochace4 from shoot apex cultures. ~ results are pre •• nted 

in Table 45 to 4'. 

Thr_ Ollt of the 4. ~reat_llts tried "ere effecti"e 

in lnduclll9 shoot l"89 .... ra~lOft. '1'he per cent cult .. . 

iD1tlatln9 shOot " ..... A_loa wea 13.3 In all tbe t ... . 

treat ... -. The effectl". tr .. bleats "er. UV1dDlttin 

cOllblnation&0.5 + 0.3 ppa (ho aboota per culture), 0.5 ... 

0.5 ppa. (fi"e shoots per cultun) a~ BA 2.0 p~ (foal' .boots 

per culture). 'l'he "bite/cr ... colourec3 callu (Plat. 34) 

In about 30 clap of aulture period, orvanis.a into _riste.tic 

protub ...... nc.e (Plat. '5). G" •• Il1DQ of the callus "aa 

slaultaaeouely lnitlated aa a r.ault of chlorophfll syatheala. 

Or •• nln9 of a few points va_ o})a.necl to DecQa. aaora int •• na 

and shoot differentiation was laitlated from aacb points. 

'1'be shoot reqeneratioa proceas wa •• low ana the MW ahoota 

formed "are tlDY with. shoot apex 8ur::ounded by mlniat .. e 

9reen l_"e. (Plate 36). Shoots wera fo~ only f~ the 

1IPper surface of tbe cal.l.WI. aoot formation was not obaened 

in tt. culturea. 



Plate 11. Meri.t_tic protUbennc_ ia the callus fre. 
.... eDC1a .hoot apex cultuna Oft lIS + 8A 0.5 p.- + 
kinetin 0.5 Pja, 30 day •• ftu cnalture 

"qaification, x 2.15 

.... 36. Shoot differentiatioD 11l tba callus of _ ... eDda 
Oft ... -.di-ua + BA 0.5 ... + 1d.DetiD 0.5 pta 

)iaqDifiOlltiOD' x 1.92 

... 
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.,.))1. 45. affect of c"'inatlons of BIt. .DIS kinetin, .n! 
SA and 1aA OIl s .. tlc orpn0genes1s (shoot 
d1ffereDt1_tioa) fro. the calli of _ ••• eneta. 

kinetin 0.1 ppaa + SA 0.1 ppa .. + .. 0.3 pea .. + .. 0.5 PS-.. + .. 1.0 PIlI 

kinetin 0.3 ppa + .. 0.1 P~ 
It + .. 0.3 Ps-.. + .. 0.5 PI8 .. + .. 1.0 PI* 

ld.aetin 0.5 ppa + SA 0.1 Pta 
+ .. 0.3 Pta 
+ It 0.5 Pr­
+ .. 1.0 ~ 

.. .. .. 
kinetin 

II .. .. 
1.0 ppaa + SA 0.1 ~ 

+ .. 0.1 ~ 
+ II 0.5 PPI 
+ .. 1.0 pta 

SA 1.0 ppa + 1fM o ppa 
0.5 pp. 
1.0 PPII 
2.0 Pili 

.. + .. 

.. + .. 

.. + .. 

BA 2.0 PPIIl + NA.A O~ .. + II 0.5 p~ .. + .. 1.0 Pili .. + .. 2.0 PPI 

BA 4.0 p~ + JIAJ~ o ppa .. + .. 0.5 p~ .. + II 1.0 ppm 
II + 2.0 PJa 

sa •• l taedium I MS 

CUltures- Shoots per 
initiatlnv culture 
shoots "') 

0 0 
0 0 
0 0 
0 0 

0 0 
0 0 

11.1 2.0 
0 0 

0 0 
0 0 

33.3 5.0 
0 0 

0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

33.3 4.0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 0 
0 0 

• - A.erag_ of t 'hJ:ee ob.ervat 10ftS 
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co.,.~ t •• ~ differentl.tioD, rhi.ogene.i. 

v •• IIOre freqaeDt. IliDe CMlt of the 18 tnat_at. trled 

vere eff.cti.. iD bdu.ciD9 ..serete to ~f .. e root 

rqe .. ratiOD frca tbe eella. ID •••• n out of tbe niDe 

effectl •• tnat .. nt., II.' per c.nt or .boYa culture. 

exhibited root inttiatioD. ....1_ n'Ulber of roots _. 

produced .t tbe 1t1Deti~ caibiDatloft·2.0 + 1.0 ppa. MOftfJ 

the .ffecti"e treat.at:. wen kiDeti~ cOlllbi_tloDS 

4.0 + 8.0 ppa (9." ~8), 2.0 .' 2.0 ppm (8.67 roots) ana 
BA/aA cc.biftiltioD 1.0 + 2.0 p~ (6.50 root.). 'rbe n .... r 

of roots produ~ by tbe .arlou treat .. ate J:eft9e4 frca 2.00 

to 13.33. Th. root. veh fOrlllld fre. all "' • .1' the .... face 

of the callus (.Plat •• 37 an4 )8). 'l'hey were 11l1tlat84 

aft.r aboat 60 day. of cultur. as vhit. outQJ:OftM f~ the 

call\18 and rapidly .10ll9ated vith tafts of SftGW white root 

hairs. SGIIe of the roots t1lrDtld 11c;ht vreeD d_ to tbe 

pres.nca of chlorophyll. "be roots iD contact vith the 

Mdl_ •• hibited a f •• t_ ... t. of growth vith the p.r04~101\ 

of pr1 .. zy an4 .ecoDdary 'branchea. 

aesult. of the .lM:fye trial. indicatea the orveno­

v.netic potential of call .. f..- ... s.eada .hoot apic ... 

3 ..... tic ellbrrOle.sl. (call •• -.dlated) 

The callus froll tbe 8a.atlc 4118bryo14 iD4uctlon -.4i_ 

..... tnneferrec! to MS lledl_ coatalnift9 aa.biD8tloD8 of BA 



Pl.te 37. Root differentiatiOD 1a the callus of ..... eft .. oa 
J6 ..a1_ + lUDetift 2.0 ppa + D.A 8.0 ppa 

Jllaqn1fication. x 1.92 

Plate 38. Root diff ...... nti.tion 1. tbe cel11l8 of _ .. _ •• rda on 
M8 -.diu. + kia.tiD 2.0 ppa + BAA 8.0 ~ 

_gulieatiOD. x 1.51 
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"abl. 46. affect of ~iDatioDS of ~ aDd kinetin, .nd 
lIAA and SA Oft ... tic orval10geneais (root 
differentiation) froa the calli of .u.s.ende. 

B ••• l IMdium , MS 

Cultures- Roots 
Ifreat .. Dt initiatiD9 pel" 

root. culture 

kinetin 1.0 ppaa + lIAA o p.- O 0 .. + .. 0.5 PPII 0 0 
It + .. 1.0 Pta 0 0 .. + .. 2.0 ~ 0 0 .. + .. 4.0 ppa 66.7 6.50 
It + .. 8.0 ppal 0 0 

kinetiD 2.0 Pta + JIAA o W- 0 0 .. + .. 0.5 PJa 0 0 .. + II 1.0 ppm 0 0 .. + .. 2.0 ppa 100.0 8.67 .. + .. 4.0 ~ 0 0 .. + .. 8.0 PJ8 100.0 1].33 

kinetin 4.0 ppm + BAA o ppm 0 0 .. + .. 0.5 p~ 0 0 .. + .. 1.0 PJa 13.3 3.0 .. + .. 2.0 ~ 0 0 
It + .. 4.0 PIB 100.0 6.61 .. + .. 8.0 PPal 100.0 9.67 

SA 1.0 PIB + BAA o p~ 0 0 .. + .. 0.5 p.- O 0 .. + .. 1.0 Pt:a 33.3 2.00 .. + .. 2.0 Ps- 66.7 6.50 

SA 2.0 P(a + JI\A o ppa 0 0 .. + .. 0.5 pea 0 0 .. + .. 1.0 p~ 0 0 .. + .. 2.0 ~ 100.0 3.00 

SA 4.0 ppaa + BAA o P.- O 0 .. + .. 0.5 p~ 0 0 .. + It 1.0 ppa 0 0 
II + .. 2.0 ppa 0 0 

• - A.,.erag8 of thl: .. ob.8l"'f'ationa 



(0, 8.5 aDd 1.0 ppa) a .. kinetin (0.05 and 1.0 Pill). 

I
,. r­
OO 

'-'he resulte of the tl"1a18 a ... pr •• ented in '!'abl. 41. Glol:Nlar 

strtlCtUl" •• n ... l1Dg ._t1c ._1'70148 (Plate 39) ven 

foJ:1led after 10-73 4a,.. of _It,," in 8A/1t1netin ccabinations 

0.5 + 0.5 pr.a aa4 1.0 + 0.5 PIlI. ,!,hea. structures then 

.xhibited s1aultane0U8 root and sboot t·h .... lo~nt (Plate 40). 

The fnqueDC7 of d.eloplent of t be structure. vaa low an4 

wa. ob.erYed in 26.' per c.nt cuU:ure. of BA/1d.DetiD COIII:»inatioD 

0.5 + 0.5 pya al'M5 in 6.' per cent culture. of BA/ld.netin 

cOlibinatioD 1.0 + O.I~. III the fOlWer thatmeat, 4.5 

shoota aDd in the latt.r, 2.0 aboots were fo~ fi_ll!'. 

In both the ca •• 8, tufts of anow-"bit. aiD1atun root. _1'. 
formed at the ba •• of the shoots. '!'h. shoot. d ..... loped vera 

s.ll "hite and vitb ain1ature liCJht CJreeft lea ... (Plate 40). 

Both the sboots and the root. weI'. ob.erv.d to ha •••• low 

rat. of 9rowth. 

c. lD yitl'O rootiq (atage III) 

1. Auxiu 

Ca.biaatioDS of the auxins IBA. (0.4, 0.8 and 1.6 1»1*) 

and D.A (0.4, 0.8 ana 1.6 ppm) v.n tried for J..D yitn rooting 

of ...... Dda shoots aDd the nsalta are pre •• nted in -ralale 48. 

acot initiation was observ.d ill fi" treat_ma. The per ceat 

root initiation in thes. renqed fro- 20.0 to 60.0 with 3.0 to 

7.0 roota per culture, initiatea in 27.0 to 42.5 days. lI&.i_ 
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.,_.1. 47. affect of CIOIIbiaation. of kiD.t1ft anc!l 8A OIl 
.c.atic ..,zyoid foratioa frca the calli of 
.u .... nIa 

sa.al med1U1ft • MS. 

Culttl".- S .... t10 DaYI' 
in1tiatin; 811bryoi4. tak • 

Tr_t.eat • o.atic fonec! for -:rw• per init ... -
culture t10ft of 

.oatia 

- .hl:Xai". 
BAO ppm + Jt1netin o ppa 0 0 0 .. + It 0.5 ppa .. 0 0 

It + .. 1.0 ppa 0 0 0 

SA 0.5 Pta + klnet1n o P. 0 0 0 
It + .. 0.5 ~ 26.7 4.5 70 
.. + .. 1.0 P1* 0 0 0 

SA 1.0 ppa + JUnet in o PIa 0 0 0 .. + .. 0.5 ... 6.7 2.0 71 .. + .. 1.0 PPII 0 0 0 



Plate 39. DeYelo.-ent of ,lobular straatuna (a_tic 
.-bt:yo14al) til the _11.. of ...... ada trCluferred 
fro. the i~uctloD •• U._ to ... + BA 0.5 ppa + 
kinetin 0.5 ppa 

*vntficat1oll' x 1.14 

• 

Plate 40. &laulta __ 4.nlopMat of tia, shoots alld tutt. 
cd aDOW vlllte root. f..- the Ololt\llal' structurea 
(8~tlc eJIbryo1c1al) -rvec1 '1'. tbe ce 11\18 of 
...... nd. tra_tal'red fl'Ola tbe .lad_tion ... 1 .. to 
MS + 8A 0.5 ~ + kinetin 0.5 ppa 

MaVntficetion. x 2.92 
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"'a1»l. 48. .ffact of cGlbiaatlon8 of M.A and IBA on the 
iD. y1tro rootinq of ..... nda shoot eu1tuns 

lBA 0.4 

• 
• 

8 ... 1 -.51_. 1/2 cODe. of MS lnorvanie 
•• lte and full conc. of MS orvan1c 
growth factor. 

Roota 

initia­
tion 
~) 

Root. 
par 
explant 

Days .. for 
root 
initia­
tion 

ppIa + 1IAA 0.4 ps- 60.0 7.0 37.33 

+ • 0.8 PPI 0 0 0 

+ • 1.6 p.- O 0 0 

lBA 0.8 ppa + MA 0.4 Pta 40.0 3.0 42.50 

" + • 0.8 ppa 20.0 7.0 27.00 
It + 1.6 ppa 0 0 0 

laA 1.6 Pta + IIAA 0.4 ppa 60.0 3.0 41.33 

" + • 0.8 P~ 20.0 3.0 39.00 

• + • 1.6 PJa 0 0 0 

a - A •• rave of fl.. Ob •• rvatlona 
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n.-ber of root. (7.0) initiatea i •• ia~ aUMber of dayw 

(27.0) va. ab •• ned at I8A./JaA c'-'ination 0.8 + 0.8 ppa. 

BowwY.r, the per cent root initiation in thie ca •• va. onl7 

20.0. 'I'he IBA/MA ca.binatiOil 0.' + 0.4 ppna induce4 7.0 

roota an&! record .. 60.0 per _lit root initiation, bat took 

37.31 4ays for tbe iD1tiation. 'l'h. other treatments recol:'!ea 

only 3.0 roots per culture. 

In V8ural, the rootiDQ re.pon •• was poor, vU:h 

low naaber of r~8 per culture, .on 4a y. for root 

initiation and low percent ... of root initiation. The root. 

produced were .lend.r alld not as healthy .s thoee diff.r ..... 

tiated frOID the callus. '!'hey produced. few pr1Mry braDehe. 

only. Rootinq vas illYari.bly •• sociated with gOO4 all101lDt 

of callu.ing froM tbe ba •• of shoots. In ..,.t of the cas •• , 

lncludiD9 the b.st treat ... t, the shoots turned pal. yellow 

with .,.ptcae of witlwrlD9, by the ti_ ~ roots weI'. 

lnlt1at.~, aa the balf stre.th of )IS inorqanic •• It. U84I4! 

for the rootill9 .ppearec! to b. lD8ufficieot to .uppOrt t'be 

shoot growth for lonq. At the full •• It str.DQth, the naber 

of roots per culture and per _at root initiation were 

considerably reduced. 

2. lIS lftOr9anic .a1t. 

Concentration of the ... iDDl'9flnic aalts _d -rke4 

influence on tbe DWlber of root. per culture aDC! Per cent 
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'I'.bl. 49. affect of .. 1.o~.n1c •• lts, 8UCro.. and .9-1' 
Oft the J.a rit;n not1ng of ...... Dd. sboot 
culture. 

8a •• 1 .adi_ conta1n1D9 IBA 0.4 PiB 
aDd D.A 0.4 ~ 

C.ltur •• - RfIOt. 
'lr .. ~nt 1n1t1at1n; per 

root. explant 
tJU 

tIS Inorganic salts 1/4 conc. 40.0 2.5 
.. 1/2 CODC. 60.0 8.5 
It 1 cOIle. 40.0 3.5 
.. 2 ccm.c. 0 0 

sucro •• l$. 0 0 
.. 2"- 40.0 5.5 
II 31' 80.0 5.5 
.. 4% 60.0 4.5 

AcJar 0.4" 40.0 3.0 .. 0 •• 80.0 3.0 
.. 0 •• 20.0 1.0 .. 1 •• 0 ° 

a - Average of f198 Obs.rwat10D8 
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roo~ in1tlation a ... 1cS_~ f .... the cSata pr.aente4 in 

'rebl. 49. Balf .trenQth of the salt. recorde4 the _xta_ 
nWlber of roots per cultu. (8.5) and per cent root 

initi.tion (60.0). QUane ..... vell aa full strell9th 

reg1stered lower per cent zoot initi.tlon (40.0 .ach) aDd 

reduced nwaber of roots per culture (2.5 and 3.5 re.pec~l .. ely). 

DOUbl. streo;th of the .alt. lDblbited root initl.tlon. 

Salf atreDQth of .. 1norvaa1c •• lts could be ••• 11 to be 

the BlOat f ... ourahl. for the la 'iSro rootlft9 of lDUa.aenda 

.hoots. 

3. Sucrose 

'1'he int l_nCtl of •• ozoo.e OIl tbe .iD XiSira root 

inltiatiOft of ...... Dd. shoots va_ atud1et! w1th dlfferent 

1 .... 1. (1.0, 2.0, 3.0.nd 4.0 per cent) of sucro.e lnc:lll5e4 

In 1/2 IE 1MC51-. 8\1ppl_nted vith J8A/IIAA cc.binatioa. 

0.4 ... 0.4 ppa. 'rbe result. are pre •• nteeS in Tabl. 49. 

Sucrose at 1.0 per celft vaa UDfayourable for root initiation. 

Th. effects of 2.0 aM 3.0 per ceat 8\1Cro •• on the nu.ber 

of roots produced vere equal (5.5 roots each), though the 

per cent root initlation dlffered (40.0 and 80.0 per cent 

r •• pectl .. ely). Sucro .. at 4.0 per cent 1 ... el ncoi'd" 

60.0 per cent root inltl.tlOD v1th 4.5 root. per cultun. 

a.cro •• at 1.0 PU' cent l_el va. fouad to be 14_1 for root 

in1ti.~10D. 
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,. AQ.r 

Aqar .t 1.0 per c.at: In.l 1Dh1bitecJ root iDitia­

t1011, a. the shoot Vrowth va. aff.cted (l1'able 49). The other 

lev.l. tried (0.', 0.6 ad 0.8 per cent) did not differ in 

the nUilber of roote l'roducaCl. Bowever .Gar 0.6 per cent 

rec:orc!le4 the -xi ... per cent root initiation (80.07(.). 

5. Ander SOD '. rootinG &Mdi_ 

ADder son • II rootillQ ...,1_ was ob •• rved to be unlluitsbl. 

for the .iD yite, root lnlti.tioa fran .... a • ...s. shootll, 

•• only 2.5 root. per culture were produced, with 40.0 per Oint 

root initi.tion (T.ble 50). 

D. Planting out of plentlet./ahoots to .oil (S.taVe III) 

1. After !D. ~',rR rootinv (Plantlet.) 

Mt_pta for planting out lDu8aenda plantlet., 

with d1ffenot pottiDIjJ mixture. and bum1dity maintenance 

_thad. did not .\lcc.... Weak and alaDCIer root. which vere 

low in number, pre •• nc. of abUD4aat cdllus .t the shoot-root 

junction which got ... ily dec:aye4 .fter planting out .ad 

thepertial withering of .boots by the ti •• the roots were 

initiated, 1U9ht he •• contr1b.ated to the lack of e.tablislaent 

of the pl.ratl.te. 
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'fable 50 •• ffect of AaIJ.raon·. rooting .....,iwa on the 
~ y1,r8 coo~lD9 of ...... naa s~ cultur .. 

... i_ containing IBA 0.4 P1B + 
JfM 0.4 P .. 

Tre.t ... 

ADderson'. rootlno -.diu. 

CUltur .. -
iDitiatiD9 
roots "', 

40 

60 

Root. 
pel" 
culture 

2.50 

1.00 

* •• sults reproduced fro. pr •• ioua .xperl-.nt 
etated ln ~.ble •• 

a - A •• ft._ of fl.. .._natiollll 
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2. Direct transplant la, of shoots witho1lt root. 

'l'he 18 X1tal VI'OIfa .boote vere tr .. ted with IRA 

(5.0, 50.0, 100.0, 200.0 and 400.0 p~ and transplanted 

to • pottiDg II1xture (so11 ••• nd. col1" ~uat 1.1.1 v;V) to 

.e. tbe .ff.ct on root initiation and .atab118laent of the 

shoots. Howev.r root 1n1tiatlO1l W_ not obsd'Yed ln any of 

the t .... ataenta tr1ed and tbe shoots etarted dec:ay1nv in 

about two veeka. 

III. Breadfrult 
A. Culture •• tab11.~l'lt (Stave I) 

1. ..tebllslaent of .boot aplce. 

a •• porus. of .hoot apice_ of _ture breadfnlt 

treas (above 10 y.ar-old) to •• r1ou. culture .etab11.baeDt 

treat_Dts ar. pre.ented 1D Table 51. !'he tr.at_at. tr1-' 

w.n co.,lnatiou of kiDet1ft (l.0 aDd 2.0 ppa) aid lIAA 

(1.0 and 2.0 ppm), 8A (2.0 aDC! 10.0 ppa)+ GA (l.0 ppa) ... 

activated charcoal (1.<1'), BA (0.1 Pta)+ lt1netin (0.5 Pta), 

GA (1.0 ppa) ... actiyated char_l (1 •• ) and BA (2.0 P.) + 

1M (0.5 PJ8) ... GAo (l.0 p~) + a",l .. te4 charcoal (l.OJU. 

'l'he per cent 8a.rvlval of the cultur_ was falrly 

9004 in all the tr .. ~Dt. (80.0 to 100.0) except 8A. 

2.0 PPI + IN\ 0.5 ppaa + GA 1.0 ~ + activated chErcoal 1 •• 



.,_1»18 51. affect of diff.ft_ treat.eDt:a OD the suryi .. l and growth of 
breadfruit shoot cultures (,,1_ .nhanced r.l .... of axillary bad.) 

kinetin 1.0 ppa + BAA 1.0 ppa 

• + • 2.0 ppa 

kiDetiD 2.0 ppa + aAA 1.0 ppa 

• + • 2.0 p.-

BA 2.0 p.- + GA 1.0 ppa + aftiy.tea charcoal 1" 

BA 10.0 p{a + GA 1.0 ppa + _ctiftt., charcoal 1" 

BA 0.5 ppa + 1t1aetia 0.5 Pta + GAo 1.0 ~ + acti .... ted 
cbarcoe 1 1" 

BA 2.0 PJa + 1M 0.5 Pta + GA 1.0 PJa + .ctiYat~ 
charcoal 1" 

_ - A".rage of fl". observation. 

... a 1 aedh. I .. C; 

surri .. l a Cultures-
'" cultures .xhibiti ... 

• li .... ) CJrowth (") 

100.0 0 

10.0 0 

10.0 0 
80.0 0 

80.0 20.0 

80.0 40.0 

80.0 20.0 

60.0 0 
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whicb J:'ec:orde4 60.0 per oent sumftl. 'l'be probl_ of 

brCND1a9 of the -.diu. aDd .xplant due to pIleDolics 

ox14atiCIII wa ........ iD alao.t all the treatmeDt. trl". If. l ... t prob1e_ wa. ob •• md at 1d.D4ttiD 1.0 ~ + IfAA 

2.0 Pta (20.0 per ceat cult ... aff.eted) aDel .t BA 0.1 ... 

+ 1d.netiD 0.5 Pili + GA 1.0 PPI + acti .. t_ careoal 1 •• 

(40.0 per ceDt cultur •• aff.cted). In tbe r.st of tbe 

tream.nts,6G.0 - 100.0 per cent cult __ v.r ........ ly 

affected by tbe b .. owaia; due to pbeBollcs QXidatiOD 

(Plat. 41). 8 .... 1', killia; of tb •• xplaat. due to bl'OWDilll 

va. ob.erYec! to be .ery .10llf. Subculturing of tbe .xp18Dt. 

to ~iUID of tbe .... cea:pHitioD wes dOD •• ft ... tbne ... u. 
'l'be pe.. cent cultures showl... aigD8 of growtb vera yeZ'Y 

_UCQ It.itett in tbe abcWe tr .. tlleftt.. Only thJ:'e. tr .. tllleDts 

aupported tbe Growth of the culture.. The most f."ourable 

treat_nt va. SA 10.0 ~ + GA 1.0 ppII + activated cbarc_l 

1 •• , .upoortiav 40.0 Per cent 9J:'GWiag culture.. beaty 

per oeDt 9rowlag cult"". " .. ob.e"_ in tbe ca.e Of SA 

2.0 p,. + GA 1.0 Pta + actifttet charcoal 1."" aad 

M 0.1 p~ + JUnetin 0.1 .,. + CIA 1.0 Pta + aetifttet1 

chBrcoal 1.mt.. &.eDthou;h ftry slight 9rowth of the 

explante vas observed (Plate 4-2) 4arift9 the .... 17' st89", 

the culture. cea •• d to 9row .fter •• taV.. '1"he growth 



Plat. 41. &hoot apex culture of breadfnit (~urc.' ten-year ol~ 
tne) ehowiD9 browrainq ct. to polypbenol oxidation 

*gDlfleatlon, x 2.60 

Plate 42. ShoOt apex cult\ll'e Of breed!.1t C.ource, ten-year old 
tne) 1a the •• tabll.1IIIent .. cU._ 018 + 8A 101) ppa + 
GA 1.0 ppa + actl •• ted c11llrcoal 1 •• ) after rePeat .. 
• ubculturlD9 

llavn1ficatloD' x 2.80 
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response could not be impro.ed ... en .ft... 1'. te4 

aubcNlturlllg 1n _dium of the ..... c_ sitton. ence 

a t pta could not be mad. for stage II at i.a. 

Shoot eplc. fall., t.o 1n1t:1ate callus u.n.der t be 

in! luence of the various tr .. ~ts tJ:'l • Bow • .,.er, young 

inflore.cene. " ponded w .. kly to t.he treat.lIlent. with 

2,4-1') 1.0 pia + Unet.in 1.0 pa ( .... abl. 52). -rbe 11ght green 

callus ~ uceC! (Plat. 43) r OI'iJed a poor growth core 

of 1.0, with a ex 981ue of 60.0. 7he r cent culture 

in1t1at1n.9 call.s wa. 60.0. Cell\l. initiation vas cl08 ly 

follow.a by brGWn1119 of the culture due to -phenollca 

oxidation. fte c-ob.l •• reulnec! ven after r pe te4 

ubculturln; ana finally the callw. turned browl) aDd died • 

.. r.sult the llua could not b. subjected to tre t_nt. 

for differentlatlon. 

'1'be cultur • turned brown an4 dl when sujected 

to the tr atment. 

IV •• ep r 
a.. . CUlture e.tabllslDent (Staoe 1) 

a •• ponse of shoot apices and no4 1 • 

p.pper to '" rlou8 culture •• t b11sluMnt tr tile •• were 



late 'I. Callus p~uc:tIOft fro. youq IDflonacence ex lent 
of breadfruit <source I ten-year old tree) Oft 
_diu. + 2,'-1) 1.0 Pta + kinetin 1.0 PJa 

Magnification, x 1.15 

.~.te " •• 04e1 .epent culture of peppel' .ffected by bacterial 
cont a atnat ion. 11Vbt swelliDg/ca l1u •• 1D9 y18ible 

"9ni£io tion. x 0.7' 





ld.Detin 

klaetlD 

Table 52. Bffect of different treatments on the production aDd 9rowt:h of ca 11i 
fra. shoot apex and younq iDflorescence cultures of breadfruit 
(v.r.t. sa.atic orQanoqenesis) 

B_sal ..a1 ... MS 

( 

Sh~ apex culture. YoUDg inflorescence cult~. 

1.0 ppa + I!IAA 1.0 ppa 

• + 2.0 ppa 

2.0 ppm + aAA 1.0 ppa 

• + 2.0 p~ 

CUlture.- Growth- Callus· 
initiating score Il'KJex 
cellus (0) (ex) 

(,,) 

0 0 0 
0 0 0 

0 0 0 

0 0 0 

Cultures- Growth- callus· 
in1tiatiDQ score ID5_ 
ca 11... (G) (CI) c., 

--

ld.Detin 1.0 ppm + 2, ... D 1.0 ppa 60.0 1.0 60.0 

- - Average of five observations 
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o.e"84 a lid the data are pre.entee! in 'table 53. 

'the shoot apices wen eubJected to treat .. ate 

lmrolvinq cc.blnatione of DA (0, 1.0 and 2.0 P1'M) anc1 

kinetin (0, 1.0 and 2.0 ppna), 2or4-D 1.0 PlB aDd 2,'-D 1.0 PJII+ 

kinetin 1.0 ppa. The nodal .~nt. "en eUbjected to 

MAA 2.0 p~ + ld.netin 1.0 ppa. 

Sewre contamination problem (50.0 to 75. OJ' initially) 

due to the pre.ence of syart_lc bacteria was observed 

(Plate "). BYen in the caee of eaplante/callus, found to 

be apparently free frCIID contalllnation, the probl •• appeare4 

in advaneec!l .tave of ortjanoeJeneei., indicating the syetealc 

nature of the baeteria. Treating the explant with 

streptcaycin 250 ppm in addition to the no&-.el disinfection 

process did not help. As. result of the proble .. , .dvaaced 

stage of or9allOCJenes is could not be rea11.ed. arownift9 of 

the ..ai_ and explant. wa. another Droblem. Bow..,er this 

could be effectively tackled by eubculturing. 

In the cas. of ehoot apices lfAAw/1ciDetin combination 

2.0 + 1.0 Po. recorded the 9reate.t reepons. with re.peet to 

callus CJrowth (G - 3.0) alii! CI 'Alue (CI - 100.0), followed 

by ~inetin combination 1.0 + 1.0 pa. registerinCJ 

G - 2.5 an4 eI - 250. The CJ val ... of the rest of the 

treat_nts were 100.0 or below. lG.A/kinetln CC8blnatloa 



'fable 53. Effect of different treatmente on the production and growth of calli 
f rom shoot apex alK! nodal s.~nt cultures of PePper (v.r.t. ac.at1c 
orqaDoqeneeta> 

• 

Shoot apex culture 

'freat_nt Cultures Growth 
1nitiating seon 
callus (0) 

(") 

kinet1n 0 PIB + BAA o PS- 0 0 .. + • 1.0 p~ 50.0 1.0 
• + • 2.0 pp. 50.0 1.0 

1r:1.et1. 1.0 PID + IIAJt. Gp.- o 0 • + • 1.0 ps- 100.0 2.5 
• + • 2.0 pra 100.0 3.0 

1r:inetla 2.0 PJ8 + lIAA o P~ 0 0 
• + • 1.0 PS- 100.0 1.0 
• + • 2.0 ppa 100.0 1.0 

2.'-D 1.0 ppa 50.0 1.0 

2.4-1) 1.0 ppm + kinetin 1.0 ppa 100.0 1.0 

o - DO respon.e 
DO treatment 

Callus 
Index 

(eI) 

0 
50.0 
50.0 

0 
250.0 
300.0 

0 
100.0 
100.0 

50.0 

100.0 

culture periOd - three v.a 

Banl ~i .. J MS 

BOdal 8ec:a-ent culture 

CUltures Growth call_ 
iDitiattDQ score Inc!ez 
cell .. (0) (eX) 

"') 

-

-
80.0 2.0 160.0 



"able 54. affect of camiDationa of lQA and kinetin, on shoot/root differentiation 
fraa the calli frcm shoot apices and nodal .ev-nta of pepper 

Call .. f.rca shoot apex cal'lu. frca nOl!al ..... 
Shoot. Root. Shoots Root. 

"reatJaen,t differen- differen- differen- differen-
tiated per tlateCl per tlated ~ tlated per 
culture culture culture culture 

kinetin O})pa + BAA o ppa 0 0 0 0 
• + • 1.0 P.- O 0 0 1.00 
• + • 2.0 ~ 0 2.50 0 0 

1tinetia 1.0 ~ + MA 0 pe- 1.00 0 0.33 0 
• + • 1.0 ppa 0 1.67 0 2.33 
• + • 2.0 PI8 0 0.50 0 2.33 

Jd.netia 2.0 p~ + BAA 0 p~ 0.33 0 1.00 0 

" + • 1.0 Pta 0.33 0 0 1.00 

" + • 2.0 ppa 0 0 0 0 

kinetin, 0.5 p~ + BA 0.5 ~ 0 0.75 0 1.50 

Cult an periOd - three " .. lee 



Plat. 45. a~ dlff.rem:latlO1'l in the callus of nodal explant 
cultur:e of pePPer (80urc:e I thr .... y .. r old vin.) on 
.. 1B8d1wa + RAA 2.0 ppa 

llaqn1flcatlO1l' x 2.01 



----

45 
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2.0 ... 1.0 p~ .ffecte4 91'OWth score of 2.0 and eI 'ftlue of 

160.0 in the ca .. of .... 1 .eq_at •• 

B. Multiplication of the P~pa9ul. (Stave II) 

When the callue _. subjected to r8C'lfferefttiation 

tre.tMnts roots .~ shoot. ve .... formecl ('rebl. 54). Root 

reveaeratlon _. aore ccamon. callus frona noClel ....... . 

had 1101'8 regeneratlve capacity. In the case of callu ... fr_ 

shoot aplces root. were formed .~ IlM/ldnetln co.blD1ltloas 

2.0 ... 0 ppa (2.5 r~exPlant) 1.0 ... 1.0 ppa (1.67 root./ 

explant), 2.0 ... 1.0 ppa (0.5 roots/explant) aDd at It:lMtiD/IA 

cOllb:lMtlon 0.5 ... 0.5 ppa (0.75 root/explant). Shoot , ... tloo 

wa. observed at 'klnetin 1.0 ppa U sboot/ext)lant) and 2.0 p:a 

(0.33 sboots/_plant) aDd DA/1dnetln ccablnatioe 1.0 ... 2.0 pal 

(0.33 shoote/exPlant). In the ca.e of n04al _plants root. 

were fo .... d at KAA. 1.0 p~ (l.0 root/_plant), SAJy1tinet1n 

eombinatlODsl.0 ... 1.0 PS- (2.33 roots/_plant), 2.0 + 1.0 ppa 

(2.33 roote/exPlant), 1.0 ... 2.0 ppa (1 root/exPlant) and 

at 'kinetlD/SA corablnatlon 0.5 + 0.5 ppa U.S roots/explant). 

Sboot for-.ttlon was observed at kinetin 1.0 ppm (0.33 sboots/ 

explant) and 2.0 ppm (1.0 sboot/explant). 

IJ.'h. roots r8genera te4 .... 1'. cyllnt!rical, 10ft9 and 

quite healthy with wbtte colour and • rapid rate of vrowth. 

BoweYer tbe eboots fonae4 ....... rud1lllentary and appeared a. 



1F13 

vre_ 91"OW1Dg pointe. hl'ther d ..... loPllltnt Cl14 not ta1re 

place in any of the cultuAs du. to the problem of baaterlal 

contamlnation. 

Y. 8utJae9 
A. Cultur ••• tablisbaeDt (Stage I) 
1. a.tabllehaaent of ehoot aplc .. 

a •• pon •• of .hoot apice. frClll .. ture fe .. 18 mat-V 

plants to various culture •• tabllablaant treat.nte are 

pre.entee! In 'fable 55. Ilajor1ty Of the cultures were •• "erely 

affected the problem of polyph.aol oxidatlon (75.0 - 100 •• ). 

The per cent aurvival of the culture. recorded by ".ria. 

treataaeDts "ere low. Maxt.. per c.nt 8u"i,,81 (10.0) vae 

ob.erved at ~inetiD ca.blaatlons2.0 + 1.0 ppm, 1.0 + 2.0 

and 2.0 + 2.0 p~. !lawYer ftODe of the treatme~a '"'ft 

.ffecti". in 8upportillCJ CJrcwth of the cultures, ..... D whea 

subcultured. 

2. &c.atlc orv8nOCJeneala - call .. productioD 

Initiation anc1 Vrowth of cellus f&"01a III!1t\U'e shoot 

aPices of nut ... were triet! with treatment cOlllbil'Hltiona 

lnvol,,11l9 MAA (1.0 and 2.0 ppII) and lti~in (1.0 and 2.0 PJa), 

and 2,4-D (1.0 ppm) and ki~tlft (1.0 p~) aloD; with 

aetifttttd charcoal 1.,*. All the treataents .xcept 2,4-0/ 



"able 55. Bff.~ of different treatment. OD the sw:v1yal and 9~h of shoot 
cultures and the production and qrowth of callus fram .hoot apex 
cultures of n.~ 

Treatment 

kinetin 1.0 ppa ... IIAA 1.0 ppa 

1/ ... " 2.0 ppa 

kinKin 2.0 ~ + lIAA 1.0 P}a 
• ... If 2.0 PPB 

ItA 1.0 ppa 

BA 2.0 ppa 

SA 3.0 ~ 

SUrYi.ala 

(" culture. 
aliYe) 

0 
50.0 

50.0 

50.0 

25.0 

25.0 

0 

2.4-1> 1.0 ppa + kinetin 1.0 ppa + 
actiYated charcoal 1.,", 

CUltur •• 
exh1bitinq 
qrowth 

(") 

0 

0 

0 

0 

0 

0 

0 

CUlture;" 
lD1tiat1nq 
call •• 

(,,) 

o 
o 

o 
o 

-
40.0 

a - A.eraqe of four ob •• rYation8 
b - A •• rege of fl98 ObBer.ationa 

Growth 
score 

(0) 

-
1.0 

callu 
Ina. 
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ldaet:iD ~lDatlOD 1.0 + 1.0 ~ + actlvatea charcoal 

1.'" falled to inltiate calla frca the explant •• 

1IOW ... _r the response of thi. eff.ctl" tr .. t_llt " .. ~. 

Slight callua 9Z'owth, "ith Vrowth .core of 1.0 amd call •• 

lad_ of 40.0 wa. cbs_"" 18 40.0 per cent culture •• 

The call •• dld Ilot BurYi.e. d .. to the probl_ of polypheaol 

ox1datioa, ... n when a\lbc:ultUl'8C!. 
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A .1IIIbe~ of iJIpon •• t 1lortlG11ltunl CI'OP8 .... 

o_rc1a1l~ pro,.,.ted tlW01I9b ...... JIoet of thea an 

croa. polliaated alld •••• h ~.""1I'f90'G8. n. "1'1.b'11t~ 
••• ocl.t" wlth the heteC'O.,.oslty i ••• e. _ ........ 1ft 

~l.ld, qMllt~ aad dl .... elpeat ,..slata_.. 'I'M hol'tlcQ].-

tual qulttl •• of .1IJ)el'ioa- eN1tl.., ..... 1'8 ..... llY QCWer..a 

by ~p1_. of ...... »_1119 ..... 1 PI'Opa9.ttoa, the 

v.ne COIIblaatlou .1' •• 1t ...... 

COIIV'.Dtloaa1 1lethcM1. .f .... t.t 1.... propagatloa 

ltke a1l' layrel'iat, root1." .. eut:t1 ... , buddlDG ani .... ftl .. 

• n poasibl. 1n .... 1'81 hol'tlcu1t~l .peet... HoweYer:, 

.ffoct. to at.ndardl •• tn.- to • ca.merc1.1l~ f ••• lble 

1 ... 1 ba.. DOt been a_ •• f1l1, ."P' lD the c ••• of 

-890, Jack, ca.hew .Dd pepper. Durlag the pa.t deca ••• 

tl •• _ cultu ...... _1ge4 a •• poa.1ble a1t.matt •• lD the 

aoPil where comreDtlGDal -nhOll. ba .... poNd PJ:Obl_. _ ... 

"tft c •••• wher. cOlmtDtloMl .nhol!l. of "'419.tatl .. JWOtatat101'l 

haa reached ___ rel.1 .cceptabillty, ti ••• cultun 

t.clmlqu.. haw __ .howa to ha •• d.flDlt. adYanta •••• 

~1.su. cult ..... nauae. aD ext~ly rapld ret. of aultlpl1-

eatio. wblcb i. DOt •••• 0a-4.peaa .. t allll requlres 0Dl~ • 
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._11 al8Ouat: of pleDt ti •••••• the initlal explant. 

-rilt.riD; off of tbe pat""'- Olor.l and llal'tlA, 1952), 

cJ'70pr .. enation of g8mplasa (Kal'tba d. 11., 1919), 

.in xit" .econdary plant lletabolite production (Ya_4a ana 

Haahinloto, 1982) etc. al'8 .oa. of the other adyantev •• of 

t i.sue culture. 

With I'espect to l)8l'eDn1al horticultural crope, t_ 
et_rclal applicability of ti8S_ cultur. Mtb04s baa be_ 

4 .... tI'8ted oaly 1ft 011 pala (GeoJ:'ge eaCI Shen:ington, 191M), 

apple (zt.ae~n, 1919), pl .. , peach (ZUneraan, 1985) and 

8trewbel'ry (BOXU8 d. 11., 1"'). Difficultie. la eultue 

.8tablis~Dt, iaflueac. Of the phy8iologicel age of the 

.xplant, polypbenol int.l'f .... nce, 8Y8t.-1C tw .... e of 

pathogens, .problems durill9 ptalftiag oat, n.c ... ity of 10119-

tel'la eY81uation of fi.14 pert .... nc. etc. 'haft b .. n doc\asnted 

a. tbe hul'dles to be oyucoa.. In tbe caee of tbe 'ftrio\1l! 

horticultural crope of X • .:ela, __ ly, jack, breadfruit, 

pepper, a_..." IIlWIsaenda etc. etudi •• covering tbe •• aspects 

al' ••• anty. Ifhepre.eat i ••• t19atio.8 .11aed at etandaldlelD9 

tlalna culture techniques iD .~ of t .... ahoYe crope. -rhe 

.alieat findings bay. be.n dlscus.ed in the following J,:IIlge •• 

I . .rack 

-e189 CI'O.8 polliaat .. , Med propiuJet1on in jack, 

A1S9C!cpII .. tcrOSbyll.. Laa. cau.e. considerable .-ri.tio. 
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.... the provellleS, ,,"ioularl,. 1ft the allapt, .1 .. a .. 

qullty of the lnit.. -r ... 11 ... lla-' Jac1J5B aaa t_ 

aoft 118.. ~I.')e al'. tile two pc'e4_Saant types 11l 

cultl .. tloll. C_~ ......... _ ls for the l,r1Jc1ca type_ 

It la DOt poaalbl. to ..... ict the fcult fOJ:II or quallty at 

the a.ect1ia; stave, baaed OR aDJ pleat characteristics, 

lIe_ ... of tbe aba.ce of atl"CD9 GOn:-alat1oD8. COIlftlltioaal 

.. tbods of ." ... ,at1.". prOPlltatiOll 11ke i_rahlng (SriD1 ..... ara, 

1910), eplcot,1 vraftl ... pltbu .... , 1981), air 1.,..1 .... 

(aciDl."aaall, 1910, Dhua and SeD, 19M) aDd root_ at •• 

cuttlava (Chatt.rJee aad IIt&ltherj .. , 1982, nh\la Gil., 1981) 

an poaa1ble. JlGweYer, tbe &'8te of _ltlplicatlC»1 1. low 

and tbe .. thoeSs, rathec C~l'ao.e _ It 1. ift thia ccet.xt 

tbat the J.A yita clonll111 liethoele .re considered .dyanta ..... 

ifbeh ar. t~e. PN.l~ rout ...... ll.bl. f. 

ill y1tn prope,V\t!e multiplicatioll, ... mel,., shoot t1l» cult_., 

a .. tic 0J:'9&DOIe.sls aaS _tic embryGgeDeal. (_nshi •• , 

1974) .. '!'be firat .Dd tbe thizoCl petbwa,.. are 14 .. 1 for 

cloal proS-Vatl0D, vhereas the aecoa4 1s 181'9.1,. .-plo,.1 

f~ reCOYerlD9 d.sirabl .... ria.a. Atoll tbe tbne rout •• 

vel' •• tteapted lD tbe pre •• nt atl141 •• , vU:b aP18nt. frca 

.... 11895, J'OUD9 grafts, fn.ll .t. sprouts of l_t._ a .. 

_tve tr ... , aDd JOUD;J 1ft! lon •• nc .... 
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Mara.hiG. (1914) recogDi.~ four atao •• ln ti .. .. 

c:ultu:e prOP8.atiOD, __ ly. ata._ I - culture •• taltli ....... t, 

Sta"e II - IlUltiplicatioa of propagul •• , atage III - rootll'111 

and hard.a1DCi1 fo.. trallsfe .. to .oil ana Stav. IV - plant in; 

ollt to 8011 ana .pecial treat_ftta fos:- lnitletill9 rao1d 

9rowth aD4 d ... lor-ent. Aa .. ch of the.. .tao_ nquln • 

• pecific ~_l aDCI phy.lcal e .. iroawentf), att_pta were 

_4. to .~alldardi •• thea with .... ferenee to jack • 

.. tbods weft .taDdadi.ed for enhanced nl .... of 

axillary baas froll t'be expl ••• of f .... h .te. sprout. 

of ,iye-yeas:- old jack tree.. '!'he procedure for the 

.1D '1"ro clo.l propeVatlon of jack tbJ:oU9h eahancec5 relea.e 

of axillary bud. i_olyee! .. lta ting the au&-face at.rili'" 

.hoot apic .. froa fr •• h • __ sproat. 1. a 801utlon of 

o. "" lnsoluble IN. + 2.0J' •• ccoee far 30 II1mft •• and -.-pi", 

thea in n.ril. water at 4-S·C for 24 hou., foll." by 

d181afectioa &ad cult .. in an e.tdlis~_ ....si_ 
(GA 1.0 ~ + a«:tiftted char.,.l 1.0J') In darknes. for a 

perioCl of four veeb, "lth "peatea aubculturiq (8&a .. I). 

tf'he cultur •• we ... then eapaed to 119ht for • per10d of two 

".ab, after whicb tlw 0 ..... 1 .. shoot apice. wes:-e tnftafarl'8d 

to a pro11fe .. atlora ...si .. c_81.tll11 of at. 1.0 p~+ JU.A 

0.2 PJa + lnaol_la pyp 500.0~. Ja about il .. weeks a 

nUllbe .. ofaxl1lary ahoots were .. e. to 9J:'OW f..- the .hoot 
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apt._ (Stave II). "'-....... of aaltlpl. .bOOt productl0. 

fna each of the .... bD0t5 could be cOIltl." _til t_ 
d •• lred aUillber of shoot ••• ~a1Dell. 1J.''be .hoot .... _ thea 

traasf.n-ec1 to an elonptloa --'1_ (BA 2.0 ~ + ..... 

0.2 ppa + lasolUbl. IYP 500.0 ppM) to have • fa.ourabl. shoot 

JDOrpholevy befon rootlD1. InculMltl", the shoota for two 

.. a.u Oft lIS ... 1 .. contalning activated cbarcal 1.0 per _at 

vas f.aad to be :beneficial few J.a 'ita rootiD9. !'be ehoota 

Wa" tbaD cultureel tn 4&1''' .... a r.oot l",hlftlOil -.41_ 

(1/2 .. + 1M 2.0 PI8 + .... 2.0 ppa) for slx day. a81 

suhcultureel in allOtber ..alga (1/2 lIS without growth nbat ••• s) 

for root aloD9ltion (St8._ Ill). -""t eftel' tbe appearaace 

of the roots, the plantleta wen hardened by exposure to 

hlgh li9ht llltenslty for ODe .ek. '1'be plantlete lftIl'a then 

tl'll_planted to •• ra1culite .... !i.WI under hiVh relatt ..... 14ity 

(90.0 to 100."") om watared with a Eiolutloa of IS iDHVanla 

•• lta at balf concentratl0. (Stave IV). Aft .. another 9I"a"_l 

had_lag process aDd •• DeW 1.... wera producec!, tbe 

plent1et. were transferretl to varden. pots filled wlth a 

llixture of •• DC! '8011lcowdulltl (lal &1 v/v). ',L'be pott .. plaat. 

y ..... theD tran8ferDia to opeD. fl814 condltlO118. 

IJ.'be culture •• ta~lls~.t -.diu. i. u •• ful f~ 

con4itlOD1ng of the expuat alll!l f. stl_letl_ ita laltlal 

9"",h. In .stabl18h1Jl9 the shoOt apices fl'OlB f ... sll spc"OlIt. 
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(f~ the ... 1 po"lou of t_ .t.., of fi •• , ten aIId 

thl&'ty-year 01. Jaek tne., difflcalty vae apciena .. a •• 
to brOWDiDQ of the ti •• ,... and -.dla, and cal1 •• 189 at 

the ba •• of the cultured .hoote. 8&"01fDill9 of the •• plaDt. 

and -.dla ... be.1l report .. to be ~on with .. e of ",la 

eontainlDg eyto1d.n1.e e.~lally .,. a. 01)8...... in 

£l.\a,&. UD. CBer:glachi ana Alder.oa, 1985). Pntreatlleat 

of the explant. wlth 1 ... 1_1. "1' (0. "'), ke.ping thea 1ft 

at.rile vat.r at reduc.... t_perature (.,..S·C) f. 2. hOu"a, 

trt.a1." the explant. at J,., t.apentve (4-SoC) 1 iDelaiOll 

o! acti.atee! charcoal (1 •• ) 1. tbe •• tablisbllent -.4i .. , 

pr"i~lDV E'educ" litht lnt enslty durlD9 the lD1tial period 

of cult.re aDd/or frequent suboultv1Dg belPe4 to reduce 

the brownlag aNI etlbaeq1leftt .... 081. of the tl..... By 

tbee. treat_rate, tbe ox14atlon of polypbeaols (JItI ana waDI, 

1983) a19ht ba •• been reduced or the ox1dat10n product. 

(Gupta 411., 1981) alqht 'ban be.n ."eorbet. In .1ther 

cae. be .. fleial effects _a be 10l1o&11y exPeCtea. roll_int 

sUbcultur. of shoots, 1 ••• cellae ...... n 'PJ:'Od1loed at the 

••• of the .hoote (aa in the ... of .eedl lng explante). 

The .'QbeQl ture of shoots .... ht baYe brouqht about a dear.a. 

In the pnd\lCt1on of .... 00 .... aux1_ or reduc" tbeir 

a.al1abl1lty (Ba&"9_111 aad J.lcJ.aon, 1985) tbUs deer ... lat 

call .. pnduet:ioll. n. <Jw.ml.) leaf IIOrphology exh1bit .. 
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"I' the .\1bcult ...... laeot. a,. M all lDdlcetloa of a 

rn .... lon to a ... J-eD11 •• tat.. Decr .... ln tl ••• 

brawniav ana callusiD9, ana the appea .. aftce of J-enl1. 

IIOrph01oqy hay. b .. n r.port.... ln the _.. of '_tur. _ple at.' 

fro. .... ral .peel •• a. a co .. eq~. of .erla1 .l1bcNltulftIIJ 

(Yl.t •• U. Il.., 1985, "lVhchi al'l4 Ald.rson, 1985). In tbe 

pr •• ent studl.s I :Lnclu.ion of CIA 1.0 ppa and actlwtea 

charcoal 1.,", In the .etabll ___ • ..ala. wae foUDd to b. 

ldeal for condltloniD9 of the explant. and for at1aulat 1111 

th.ir lD1tlal growth. !'he funnlOft of QA. la prl_1'11y bWI 

.longatlon (Chalupa, 1917, So1'maWpaoh aDlS S:Lnk, 1919). 

HoweY ... at the blqber leYel of GA trled I t ..... cultan. Hca_ 

l •• s healthy, wlth fra911. 1_.... Vnf •• ourabl •• ffeat. of 

hlgher caacentration8 of GA 'ba •• been reported 18 .ucalyptu 

(Du&-8nd-<:r ...... ll .11 11.. 1912) • ..-need ... 1 .... ofaxl11..,. 

b.a. va. 1'_11 • ., ln tbe _ollf.ration -.41... !'he h19h 

conc.ntratlon of cytokla1a 1l19ht ba •• bl'01cen the aplcal 

dOllinance of snoot. and eDbaac.. the branc:hlav of late .. al 

buCJ. fl'ca leafaxl1. (JIu aad WaDg. 1983). !'h. rat. of IIUlt1-

pl1C1lti01l of .hoOt. 111 the PIOl:Lf ... atlon Mdl" va. only 

4.25 x, ln a perlod of fo_ web, 1:ntt: durlDCJ ....... . 

subcultur •• , the rat. 1Ilcr ... ed to 1.,9 x. Thls lncr ... . 

1n a"ltlpl1catloll ret. -7 be d_ to the ~lf loatloa of tlw 

pbfal01og1c:al .tate of the plant _t ... 1al. • ... pl •• ar. 
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a .. l1U1e whl_ ladl .. ~a ~_t tM noalcltraDt etata .f 

.IIY apacla. can be 9"4 .. 11y Mdlfl .. through •• rS.al 

aubcultwll1G a .... let, 1"', De.ld, 1982). Lit. aDlll 

COIIcwer (191.) .. al'" 1........ 1. shoot aultlpllc:atlO11 

rat. of papa,. a. a r.a.lt of aabealturlD1. 

D1etlDGt 41ff.rell... 18 tbe rate of mult1plloat1oa 

waa ••• ned .1 .... -.1. tbe pllye101001cal age of tbe .XPlaat •• 

• hila a IaUlt1pllcatlOD rat. of 11.4 x va. obtained for the 

eeed11D; .apiallte, t'be .. te. we .. oaly 4.5 x, 2.8:1t and 

2.09 x for the expla.s f~ .neh .t ... ~out. of I-,.ar 

014. 10-,..r old and 10-,.... 014 tr ... , reepec:t 1 •• 1y. III 

.p1te of takill9 explante frea f ... h ••• 1 8prOut. aD4 

adopt1D9 su1table pr.-ealt ... t .... t __ • 11ke .... 1t1... (to 

r • ..,... tbe andCOeDoa8 inhib1t... pre •• Dt), •• 1119 aotl.,.t .. 

charcoal aDl1 111801_18 pt. (to reeI_. the PrOblem of 

__ 11c. oxidation) alld •• ppl~tiDCJ the C1llture -.diu. 

w1th .xGgeD01l8 eJrOWth .abn ..... a, .al.y put1al rej1JYe.t1oa 

(BO_, 1982, t>usaD, 1914, Si_.nan, 19as) of tlMl _pleat. 

re.ult.,. 'l'1le Ue of _ple.s f..- JOU119 ptaft. al.o 4W 

not belp to __ tM r .. poa.. 18.0ur8b1.. Tbi. could ... 

8ttr11,,*'"' to the • ra.leS .. l _._,' of the explant •• 

bplaat. f~ _tue t ..... 8". 1arcNa to retalD the ~, 

aDell aa a r .. ult, _jor proltl._ .Ye been aacOGDt.... ia tlae 

II1cnpropa9a tioa of woocty panaas.ala CDtarsaa, 1914). !'be 11ll1t84 
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•• ca ••• obtained in ~.ak ."pta .. Al., 1910) aad 

.-aalypt.. (Qupta d. al., 1911) has be.n aacribed .s th_ 

to tbe .... of uplaM. Jraa oW ~I' .. a. • ...... 1' the problea 

haa been aol .. ec5 ~o se.. .at.D~ bf .8I'1al SWM:ultuiDl;l a .. 

pr ... ~r .. ~1D9 ~he .xplant. ,,1~h luolule PIP in teak ... 

iDCUbat1ftIjJ tbe explant. a~ lew t.IlPeI'.~ur. USoC) "ith 

c0Dt1maou ill.taat10ft followeel ):)y the uae of 11qllid ...,1., 
in .ucalypt... In .... to Ita.e better nspoa .. of _t ... 

explant., eletalled 1I1't'eetl •• t1oas .... ".rranted to .aaer.t ... 

f • .,our1D9 j ... nillty 

1n jack. 

Aft.r •••••• 1Dl the lnfl ...... of cytotUnlna, ••• 1De, 

ael.nine .ulphate .nd a.1na, • prolif.ration _dl_ " .. 

• tenaardlaed. .. (5.0 ~) va .... ned to lX'OYlc1. t_ 
..x1_ .-her: of f.uly elo_ted shoot. vh1ch fac111t.ted 

co.eateat haadl1D9 c1ur11l9 ...... at eultur:ll\9. 81vher 

concentret1ou of 81. baa •• tapp ..... 1 ••• ff.at on axl1la.., 

.hoot .lon9.t1011. Haw .. e .. ,"o" 51. (1981 b) \IN4 10.0 PJa 

BA or 2 i. for: 1aCluc1D;J Dl\Il.t1pl. ahoots fl"OlB ahoot apic .. 

of _tue j.ck t...... Ia their .t\llly, the datal1. of tbe ret. 

of .. lt1pl1cat101l .Dd .boot 9~h v.n DDt _ntlofttll!l. ItA 

la •• beea cons1el.-eeI •• tbe .at .ffect1 ... ~o'k1a1a fo .. 

• t1aulatlD9 ax11la.ry shoot pro11f ... at1OD 1a a a1lll'ber of .pecl •• 

11ke apple (LuD4ervaa aDd .r.niak, 1980), atrawberry (Jtart'ba 

A aL, 1980) ... plat •• hio (8aqhoh1 aDd Ald.r.oD, 191'). 

Ad.nine •• "ell •• ad.al .. a\llpbat. hac! .lgnif1cant tafl_ne. In 

lncrea.1Dtj the ... te of proa"-1oa of _lt1ple ehoot. 1a ja •• 



195 

._ ..... , tlle l ... la wIalc1a neorc!" -xta- _ltlpllaatloa 

rat.. bad a4Y ..... ff.eta OD the 9l"owth of the culture •• 

Only ea.aiM sulphate 20.0 ppa l'e9i.'.r" an illCft& •• t. 

aw.tlp11catloa rate (27 •• ) wttboat aff.ct1D9 t'be 9cowth 

of the cultur... Meal_ ani "8lat" sub.taac. ar. 

precur:aore of ."09.nous cyto1d.n1D8 (Bltech at &1.. 1961) i 

aDd hence ex'b1Jdt prGIIOtl •• effects on shoot formatlon aad 

help to cOUDt .... ct the inh1))lt~ act10n of awd.u. MeDi .. 

vae 1ncluaea In the Pl'OlU.ntlOft -.c!1_ ••• d by I_th (1981) 

for "luI app. tacnaa .. _ltlp11catlO11 rate .,,. the actlon 

of ... ni_ sulphate baa been ret)Ort" 1n Dlu ••• 14" 
(achaabdl"auch aDd alu, 1919) and Ce .. rlao cltrall9. (ltltt. 

and young, 1981). 

'!'he -prolUeratloa rete aDC! 9.rowth of jack shoot 

cultur •• es illflueDC" by _.lne (IAA,JD.A and 2.4-D) vere 

obee ... _"_ The (lrowth of the cultue8, rather tban the 

rate of BlUltlpllcetlon, va. ~., by the aux1u. Aaca9 

the three, 1!IAA (0.2 ppa) a19nl11eently Improvee tba 9a:owth 

of the culture.. Auxin. _y be u •• ful to nullify tbe 

.u~ ••• iY •• ffect of high cytOkinin concentr6tioDa OR 

ax111e&"y sheot elOl19atlon and to re.tore noral sboot 9&'OWth 

(Luntlervan eD4 "'.Dick, 1980). TOO high. concentration of 

_\lX1a _y 1ab.1blt axillal'y bQ4 ta .. aachlD9 and 1nchac. oall .. 

fOJ:'llatlOil (Bas4l9ave, 1910, lIa_tt and _ana, 19.). SSallal' 



r •• ,... •• to a\tX1a applleatloa of _hoOt wltuna ._ bee. 

r.ported 1ft apricot (Skinlll aad a.bD, 1979), rOIl. 

(Ba ..... , 1980) an4 co.f. OCanha .t al., 1981). 

Incluion of ca •• la llydrol,..at. (CR) at aODCerltntiou 

ranglDCJ frOil 500.0 to 2000.0 ppa 11l the Pr011f.ratlC1ft Mc!iua 

.19ft1f1cantly .Bhanc'" ,be prol1f.rat1on rete. -rIl. 9rowth 

of the oulture. "s, how ... r, ..... r.lya.fectec!. C. .. iIl 

'bydrOlyaate i. a DOll-aPeCific ol'9anic nitroc;e. eo\tJ:'c. aDi 

•• n •• a. an ald.ao aclc! •• ppl.... (Skoog and IUller, 1917) 

a .. haa b .. n 1mowD to ill~ •• tbe rat.a 9f Ja ylt.r2 ... oli .... -
,', 

tion In pi.appl. (MatheW. aad Ranvan, 1981) eDCJ po_graaat. 

(Ma.car ....... 11., 1981). ".carenbae.G. 11. (1981) 

could Obta1n alongatioD of the pam89ranat ••• ltlpl. -boota 

only after tranaferrlll9 thea to • aec!l_ with lower CII content 

or vitbout CR. 

Acaorilng to Sc1uaab4raach aDd Sink (1979) CIA, lf 

1ncluded 1. the proliferation lUCliua My bii. •• a role 1a 

axJ.lla:&y Dad eloDgatlon. ." ••• 1:, 111 the pr •• ent stUdl., 

DO favou.lal •• ffect of CIA OIl .boot elonvatlOD va. observed. 

alail ... lack of •• apoeae laa been 0)) •• "84 1D apple 

(~ ... n anci .:Iaaick, 1980) and 910be artlcho1re CADcoca 

.d. al., 1 yel) • 
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Iblplaai:. of oertal. • ... it CZ"OPI 11b r414 r •• pbenl •• 

aD&! bl"'rrl.. do aot .... tbf.t their ... ~ potential if 

Vrowa 011 aorMl .tr .... h of tbe _ "'1_, "hich i. cOftlli4.red 

•• a high .. It -.dis (Anaer.OD, 198Oa). lIGwtr¥er 11l the 

pn.e •• t.,ies, tbtt f.l1 nreagth _ l\edi_ (.upplylD9 the 

required quantitie. of ia0J:9aat. Burl.ats, yltaJllias, alliao 

.c14. aD4 OIIrboD source) ._ IOUDIJ to b. tbe opt1ll_ 101" 

.upportlDQ the 9rowth of the jack .hoot cultur... .... ... with 

lower •• It cODeeDtratiOllll (1/2 .trength, 1/4 strength) wer • 

. 10Ulld to be inferlor with r .. ,.. to the rat. of IIUltipl1cetion 

.... 9xoowth of the cult.... Unlike in r~od"'l"On (Ander eon, 

19ao. ), the ADderaoa'. ..cli._ (which haa re4uce4 c:oDCeDtratio .. 

of .... 1_ nltrate aDd pot ••• i_ nitrate and iaor ..... 

coacelltret1OD.S of ferrou .u1phate and "2 S>TA) p~" 

inefficient to support the proliferatioD .nd trGWth of Jack 

.hoot cultare.. Sucro •• (10.0 - 40.0 9/1) ant fiJ1uco •• 

(20.0 gil) va. foUDC! to M leI.al G8xobOl'l/e...., source .... 

•• aotic_ for .Upport1D9 tbe tS'OWth of the Jack .boot cult .... 

'1his requlreaellt ay lie related to the sPeCific _rbohfdnte 

taetabol1_ thrCU9h "hiah .ter relat1oD8 aDd .DdOVeDOll. 

p1lytObortaaDe8 .re replat" (ChoDl end PM, 19.). 

In V •••• l, comdltiOD. that _ti_lat •• b .... Dt 

.hoot inductloft inhibit CODt' .... _hoot tp:'owth CDaYU, 1912; 

~r.OD .. u., 1981). Aa ,lie eloacptloa of the _jor:lty of the 



1!-lS 

jack .hoot 8 1a 8t898 J J wee ~ sat1sfact.ory. an 

1Dt.l'Mdlate shoOt .loDpt1oa st.898, pr10r to Sta9_ III. 

becaae Deces.aQ'. Iat .... c.U .. t.. atlul. lae been consider .. 

D.C".8Q' 1n SI,.'fr!! ( .. aad WUl9, 1981). A Mdl_ 

coDtaln1nv JIM, (0.2 PIB) aat! rttduaecJ coacentrat1on of ItA 

(2.0 ~) va. foancl to be au1t.abl. for the .loagat1oa of 

the jack sboota fna tbe prollfent1on lledl_. 

la the cas. of _pleat. frae _ture tre •• , a further 

1ntaJ:'lleC51at. ataC)_ lmrolylft9 cu1turl89 for two v .. ka 1ft a 

.-,1_ contalnl ... act!y.t .. clwrcoel 1.<* va. !ouad to be 

benef lel.1 for the 18 Jl'd root lft9 of jack shoc*e. ft. 

abl11ty of activated ehas-coal to ab80rb the toxlc 8ubft81lcea 

.na the ra.lcSual crtok1nin f~ Stage II .t.'!1_ (I'rldboE'9 

.a1 Al., 1978) -y hay. brO\l9l* .boat tbe ...ootlD; "spoo". 

'file prOC.8S of root 1nit1&t1on 1 •• n .uxln--.d1atea _ft_ 
in contrast to the eytOkin1D d.pelldent shoot lnitlatlon. 

B19hel' lev.ls of end0genou8 ItA bave baeft report .. to hay. 

lftblb1tory .ff.ct on 18 uta rootiD.., ('fab,.. 8114 Ill.."., 

1980, ADcor8..at..ll.., 1981). 

St8C). III 1n"1 ..... 81!.2 ft9.ftllrat1oa of a4Y.lltltlO\11 

roots f.- tbe shoOt. obta lnec1 In ste._ II or t'be iat • ......sl.t. 

sta... 1ft the ..... at. studi .. , ~lou .ux1_, alt_r 

aloDe or 1ft cOllbiaatloll. v ..... tried ,,It.b tb. o'bJec:tl .. of 

lncr .. atlll the ...... of root. per eboot cult .... d and for 
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e .. ncln; tbe per_at ... ""'ill9. OJUy two t .... taeat. 

wen fo... to be •• feni.e 1. t_ ca •• of explants f~ 

I-year old tne.. One of the.. treat_nts was that reported 

by aajao'han aDd IIoha_-.a ... a. (19.3) which lawol • .., iacubat11l11 

the Jack shoot culture. OD 1/2 lIS lledlua contalll1av IIUy'IaA 

~lnatlon 1.6 + 0.4 ppa to Ji.ld IO.~ rootlng with 4.17 

roots per shoot 1n 24.17 4eya. 8.,..,er, 70.()JG. rootlllCJ, 

-x-_ .w.ber of root. per shoot (5.43), aiD1_ clays for 

root lDitlatiOll (13.43) aD! 1I11lia. _11\18181 at the cat 

end of the .hoOts were record .. wheft the ahoOts _soe cult"reel 

for 81x days on 1/2 lIS + IlIA (2.0 Pta) + LW:~ (2.0 ppa) 

followed by transfer to 1/2 MS witbout tbe 9rowth sabataDoa •• 

Sialler tvo-pba .. procedure helpMJ 1D gl.inq a strong root 

lnduction sts...lu to tbe bard-to-zooot apple ~stOGu, 

a.oictlno call.siag aIlS root fJ~h inh1bitiara (Snir." 

&re., 1980, J8 ... aDd !'hurbOll, 1981) aD! to loblolly ptae 

~raoD U. .1.1., 1985). 'l'he indaction aad in1tiatioa of 

root. take place 11l about f..- to .19ht deys In the firat 

_... .,he firat pha.e i •• nfa .. unble for root eloagatlG1l 

bec:eue of tbe high •• xln coatent. .,he auxin free .ecold 

pha.e 18 ideal for root elongation. As ob.e"ed ln tbe 

pre.ent lnftstigatlona, syaergls. bet"".n two aUX1na to 

yleld better results 11l J.a Dt;a notinq 'has been reported 

earller (Gupta &11..,1980, 8k1rY1D &. al., 1982). 
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'1'he ... llag eap1aats r •• poaded to different auxin 

treat_Dt. for .ill !l\D rootil'l9. MoD; the prCll18in9 

tr •• t_m., MAA (0.4 p-> + DA (0.4 J;nR) ga.e hundred 

per ceat rootift9 of shoots with six roots "Per shoot in 20.75 

4ays. This lncr.., •• d respons. ~ •• edling .xplant. _y be 

the result of the association of juy.nile pha •• with high 

~egr •• of req.nerbti.e pot.ntlal (Bonga, 1982). 

a •• POne. of the .xPlants frca 10 and 10-1'''1' old 

tr ••• and young graft. were poor ... en after .erlal aubeu1turing. 

A 1 .. percentaQe of root1ft9 (40.0, 15.0 ana 50.0 for 10-1'_1' 

old tr.e, lO-y.ar old tr.e aDd JOuag graft of jack, 

res98ctively) with lese tblUl 2.5 roots .,.. shoot vae ob.erved 

.fter •• rial subculturlag upto three ti.... Physlo10Qice 1 

aod biochea1cc.l challCJ4te associatea with the developaental 

age of the source of explant .. y ... the reason for reduced 

r •• ponae <Du.r: .. n, 1984). V •• of fresh basal sprouts of the 

tre ....... to ban .ffected ollly pertial rejuvenation. 

subculturiag ~roc"E is reportec1 to cbange the physiological 

.tate of the explant. aDd qradually r.juvenat. thela to __ 

111 yitg root induction progr .. si .. ell' ... ler. Iner.aee! 

r •• poese of .xplant. frca _ture plant. to An Dta rootin;, 

treatments, du. to •• rial subculturing baa been recorded in 

qrapea lH"llins.l1 u., 1919). hundred-year ole teak tr ••• 
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(Gupt. a 11., 1980) .1Il! "'.aty-y_r old etacalypt_ tne. 

(Gupta A 11., 1911). 

Ua. of 9r.fta as sov_ Of _planta 'bas 91 •• 

• ftCour'V1a9 r.aulta In bl!l4ot' __ .l •• il (OOtlb18y cI • 

• antol. , 1980), aUV9 .. tiq • 4t9r- of rejuY.natlO1l OIl 

9rafting. Bow •• r, In the pee .. Dt inYe.tlva tiODs, .. of 

graft. a. source of .xplaat ai. ftot yl.ld iftcr .. aed r •• poa ... 

Wlth re.pect to r.apoD •• xii. .. UI. a." the .cione bebaY" 

•• tbe or19inal tn. frca whl. they WII'. ta1raft. ftu 

,raftl..., ..... to haft DOt brought about rejUY.nat1on to a 

le •• l fa.our1 .. 1ncc. ••• 18 r.spoae •• 

-rh. coftC:entratioa of 1D01'9anlc .alt. in the ba.al 

_dlwa lnfluence tbe 1Il .,trg rootlag 1'898 1"41 •• 6 of the 

9rowth substaDcea pr ••• Dt. WItt. the ealt concentratiOll in 

the ..,cIl,. vas lowered to Oft8-half, _-third or one-fourth 

of tbe .tandard .trength, rooting be_ •• bundant (JCartba 

U !.l., 1974~ Sld.l"91n asK! elm, 1979). Better t'Oot 1ncJaction 

va_ opened 1n coff .. with balt str.n9':h tIS lal8diUII (){artla 

n !.!., 1981).. In the pre.ent staal •• li leo, half concentra­

tion of MS meC!l\111l qav. the naex1mam favour.bl •• ffeet OD 

.1D 71tro rootlng (80.~ rootinq) without affecting the 

shoot growth un11ke in certaiD species (Wang, 1978, Gupta 

at 11., 1981). Pull strength of orga nlc gr~h factors of 

_ ..al_ was foulli! to be .. t ,ayourabl. for ~ lalt1atloa. 



Sucro ....... optl_ .~ '.0 Pltr cent fOI" the proc!uatloD of 

ao~l pl.aDtl •• fnll j •• k .boote. ,.. • I50urce of -1'9J' 

•• vell ••• faetor fOI" ".nvulatloa for optl18l.1Df tt. 

rootla; r .. poIl •• , ........ bas already be.a reo09nl.e4 

(ClJoDC) .na P\a, 1985). 

Agar is u.ed •• tbe carrl.r .aterlal to sol141fy 

the awadlua for .upport1..., root laitlatlon aD5 9rowth .ill XU;g. 

Pbrslologicelly aver is DOt a ~letely inert .. t8rlal 

and ls a sourae of yerlou. t.".. of .ubstance. which _'1 

lDfluence p-owth in s.uitiYe .peei. (1I\t aD! _89, 1983). 

Itltto ana Youarg (1981) Ob.e ... ee! .n iJWer •• relationship 

between tbe rootift9 abllity and the .981' concentration ift 

CUrt_ oitr8098 cult •• s. In the pres.Dt s tud 1 •• , •• r 

0.6 per cent was found to be t'he opts... for tbe J.D yita 

rootiD4 of jack ahoot cult .... 

aootiq of cultund sboOts ... ., Dot a1_ya be 

carried out iJI '141.0. Kuey ttl. 11. (1910) obte1ne4 60.0 

per cent rootift9 of '.". •• &&1 MSiqiley bf plantlng tb. 

cultuftd shoOts 1n 'Jiffy " t)e8t moas cylind.r. 1a 9re_ 

house and., latemittent •• t. -...w.r 1n the Pr •• eDt 

.t\l41 ••• tt.-pt. for d1reet noting of shoOt. fl'Oll tbe 

proliferation -.diu. 1 •• aoa-sterile -.d1u. ( •• na •• oil. 

cowduag 1.1.1 Y/Y) ""u high ~ldity (after .... etr .. tlng 

w1th DA) vere aot .lICe ••• ful. 



Att •• pt v ..... to indu. callus -.diet ...... tlc 

ol9aft098De.la fxoca ...... i.,.. explant:. of 5-y .. r ole! Jack. 

Ifhe exl*' ... 108 of ..-pIlote.tlc potentlal v •• foua! to be 

lilaited to the ,,-differentl.tion .tap. 'l'he cell .. prCW'ec1 

totally recalcltrant ,. re-41ff.rentlatiOD at the yarlo .. 

tnatlleDts tried. aao.d. 1.1. (1981}» alao reported t'be 

recalcltrant _tllft of tn. callu.a f..- _hoot tip explant. 

of _tve Jaok tr.... Iflle potential for: callus production 

frca tbe dlffennt explant •• _ obtierYe.! to be poOl: to 

llederate. Shoot apices were fO\llM! to ha .... tbe _xi __ 

re.pol'18e, h9i eterlD9 a oell". i .. _ of 180.0 at tlw best 

treat_nt. Ifhe leftl •• _11 •• tbe type of a.in or 

cyto1d.l'11n to e.tablish .all ... arle4 ",.itb tbe explant. (.boot 

apice., lftternoclal sev-Dta, leaf e89lBente and root aptcea). 

The baalc phen __ l1W01Ye4 in tbtt lD4uCtlon of call_ fraa 

plant part. ar •• tlll 1IDr •• ol.... Benee, the r ... ollS for the 

obsenee! 41fference In tlMl requlr.ent of growth .ubetanoe. 

by ftrloua parts of the ... plant can only be conJectuz:ed 

a. due to tbe 41ffereDca. In pbyeiologlcal condltloD8 like 

1 ... 1 of eaa0genou phytOho ...... , nutri.nts and "-abollt .. , 

pr .. ence of heretOfore lInlc1.atlflecJ 9Z'OWth subatanoe., 

interaction between t'be .. rloa qrowth facton, etc. 

AccoJ:C11D9 to SkoOJ and Miler (1951), quafttlt.tl .... lnterection 

b.tween 41ftr.e trowtb factor. _y ba.... deci. i.e role i. 

ol"9aft098De11i.. 'l'be initt.tioD.of orgam.ed 4 .... 1 .... _ in 

the call •• In ... ol.e. a shift til _taboli." ('I'horM, 1910). 



let •• tifiGatlon of the u.. of _taboli •• lDYol • .a 1D 

tbl. eMft a •• ell a. c.teJ:a1Mtloa of the role of 

.arloa. pbyt~ aad .ber 1 ..... ctl89 _tabollt •• 

_y help to cbe .... the .. oa1cltpnt nat ... of the call_ 

fro. Jack explaata. 

S .. tlc orcpD0ge ... la we8 alao att_~.et tlu'OUCJh 

dlrect 4ifferentiatlon fra. Ja yl,rp fo~ 8hoOt aplc •• , 

internodal • .,..nts anc3 l .. f a_ata. HoweY .... , all the 

tr .. tlleDt.. trled prcwed ineffecti •• to lDd_. direat 

orv-l10geaeaia. Succe.... reported of wain; leaf .xplant. 

for plaDtlet production througb 4i ... ect J.a yit.D orgaDOteM.i. 

in pl.apple (Nat~ and .an;aa, 1979) an4 eu.tard apple 

(.elr all1., 19 .. ) .\llVeat that farther work on theM 

11a. _,. yieU praai.1D9 re.ulte ill jack. 

Att.apt_ to lnd ...... tic .-bl'J'OCI ... ai. 18 Jack 

explants In the pr ..... of aD a .. 1. llke 2,4-0 aDCa to 

d ... lop the_ :l.a an .axl",'r .. _ell_ al.o ~-ed _uaceashl 

In the pres.nt studi.s. Succ.sful la.tane .. of .a.atlc 

--IYo'" fOl'Jletlon ba •• be •• hoon" in epeci.. like 

Co". lep'e (SOftdabl.nd Sbarp, 1977), 1"1. 1[laueA 

(Srla1Y •• an and Mulllu, 1910) and gVA ... PlD (Lit ..... 

COftov.r, 1982). Th8 ••• \JI9 •• t that detal1" 11lY •• tlqatl0ft8 

1.yolYlng cllff.rent le •• le ana types of .al .. , rechace4 
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DitE'Ofe., 41ffenat cult\ll". _tba.le aDd conIIltlou -7 

~e .ucc •••• ul. 

'fhe deteniaaat. ill the establishilent of the Jack 

plantiets in so11 (lUra pottlD9 BlinuZ'e. aV8 of the 

p1antlete, llpt lat ... lty be'.e tranep1entatloD, app1101ltioD 

of ftut .. leDt .o1utioas, ll..ttJlty _lnteDll11C. etc.) wen 

8tanaal"dl." ln thee. ll1ft8tlV8tlone. A .atl.fectory PeZ'CltIl­

tage of 8unl"'81 (15.6) of tbe plaDtlets could be achi .... 

by .xpoeiDg the cult .... j"st aft.r root initlatlon to 11lp 

llght 1nt.neitles 01 abo1lt 1500 l11X for ODe we.k a'" 

transferr1ng tbe plaDt1ets to .... l1I1cu11t. -.61_ (~ ... -'ktd 

for 2. hours with BaYi.tln O.O~) conta1ned in ... 11 aua pots. 

At this 8tag., a9ar could ..... 11y r .... ed a. the root • 

• er. not 10119. Ifnnefer of old.Z' plant1et e va .... poOl: 

8unl .. 1. This., b. <1 •• to thelr low root rave.ratiOD 

pot.ntial (aft.r transplaatatloD). The poesib1lity of vr .. ter 

injury and eubsequent c1_y of the 1ftJured root. aleo .xl.t. 

Aaoth.r cause for the lw •• tab11.~ftt of older plantl.te 

coulc1 be the dlfflculty 1. _kinv th. root. aa-plete1y fn. 

.rca agar. :t>u:aD4 - en .... 11 .... al. (1982) nCO-ie"'" the 

plantlD9 out of p1antlete Juat after the apPeaZ'aace of tbe 

root tlP8, in the cae. of ... 17Pt_. In the !>ft.eat at"di •• , 

.... l'IRieu11t. ae41ua supported MtteZ' eun1 ... al of the pleat1 .... 

Ifhl. _y be aue to It. ability to _intaln opt __ .,lstuh 



statu at tlMl .... t'- ... cwWll11 • .,flele ••• ratloa • .,_ 

othe~ pottlaq a.txt .. s t~l", ueept •• ad •• o11acou dun 

(1.1,1 "I.) falled to ;1 .... tlafactarr 1 ... 1 of .stab1lebaeat. 

Accordi .. to Mup.hive (197") and Bus.y (1978) ._J.c:tlnq 

the p1ant1ets to hiVh l19ht 1. __ 1t1 •• befoZ'. trauplaa­

tett'Mt lIe1- ia bfttu •• t.Jtl1 ...... t. &ahanaed photoe.,athe.te 

UDd.r tba influence of h19b llght 1M.nsiti •• helps 1D 

blliUlillV up a high food r ....... to be utillsed dEla; tbe 

thu,IoP iJexloc f.r:ca partially het .... otrophic to .1Itotrot»hic 

I .. owth of tbra pl.ntlet •• ft .... tra.aplaMstioa UIllra.h1ge, 

1978) • 

Ban.Din; the pl.atl~. to _u thea .aapt to the 

outside en.lroDA\eat 18 a .,iti.l proc .. ,. due to the 

anatOllical alii!! phyaiologiael pec\111.r1tle. of the plaatlet •• 

J'rca the lea •• s of the plant leta after tn.Dsplantll19 ..... i •• 

water loas bas been recoriec1 which was ascribed a. 4_ to 

~pcoper develo~at of cutlcle ana .lowness of .ta.atal 

re.poaae to water .tnaa (BE'8i ... ~ aDd 'uch19 .... , 1981, 

'abbrl A .... , 1984). !'he pnblea _,. be .~Nra .... ted by ilapI'oper 

.... aula .. coanectiona betve_ the ~. eDd the shoot 4v111G the 

1 Dlt la 1 at8 9 •• Of ihrvelcp_ftt. 1.Mt .. ica 1 .tudies of the 

Jack p1.atle1:s illustrated the def.cti •• _ture of the lee. 

ctftlc:le. It. periOf!l of h .... d1ty acc1UatlsatlOil wa. cons 1 a ..... 
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a.a.aaC7 for tbe _1,. tw •• sf.~nd plaatlets to .. apt 

to the outa14 ..... lnc •• at, dvll", whlch the plal'ltlet. 

\1J1d.Z'V0 _rPhol091cal alll1 phyaiologlcal adaptation ... })l1DV 

t'bell to d .. e1op typical 'enendal plaat water coat"l 

-.chaDl_ (Grout aDd Asto., 1'77, aatt.r & .11.; 1915). 

In the pr._eat _t1ld1e., hiGh "latlYe 'hW.t41ty (90.0 to 

100 •• ) waa _lntalnec1 4artng the lnltl.1 parloe! of Plantlng 

out wlth tbe help of .1a' •• aope owers aDl!l lnterait.at .. tel' 

• prays. After two to thne w .. b, ,be CO¥ere wen 11ft .. 

for abort lnt.rYala to __ tba plantleta hard ....... wlth 

resPeCt to lower relatlY. ""-1dlty. By this aaetho!, tlwy 

could be hardened for tbelr 11f. In the OPeD, in aboUt fOU' 

to six veeka. 

Melltlon of iD ..... ie 8utrla.8 to tbe pottlll9 

ainure la e ••• ntlel for tbe .... 1 9I'owth of the potted 

plaatl.t. (»rOWD.nd S .... , 1982, Aller-OIl, U. .... " 1 •• ,. 

A.ppllcatloa of 1.0 .1 _tri.at eolutlon contaln1nv .. 

laorvaalc •• lte .t half C:GlCefttratloll ... hayl .... pIl of 1.7, 

at weekly lat...,.l •• Dbaac:ed tlle eurYlya 1 .nd pZ'c.oted 

DOKWal p-owth of tlw puntlets. '!'be 11 .. 14 f.rtl1l_~ 

.olutlon (8J11t 10 .12.10 .t 1) v'b1ah yl.lded C)oOt1 res ults OIl 

tbe 9rowth of ...... plantl~. Utoce, 1984) .. s DOt fo'" 

to b. beneflelal to tbe jaak pleatl.ts. 
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.. tl .... cult ... .-boII, to beaa. ao"l'Glally 

acc.ptable, ba. to ........ ve_tic .tab11lty in t..- of the 

DlUIber ana astl1lctue of tbe ~c:.o. __ • In the pC'e8ent 

i ••• tit_tiona, the .tability wlth "aspect to the ....,.r of 

chrcaOl8 .. a alo_ co.ld b .... lned. A Dormal ~ .. 

cCNnt of 2n • 56 .a ca.""ed OD cytologicdl _aiMtioa of 

the root tip aquasheS or tbe Jack plantleta. It -y be 

recalled that the plaatlet. had hsulted frca the eribaneecl 

r.l .... of axillary bud.. G.lletla atabl1ity haa been ob.eJ!"Y.a 

in the caa. of axillary shoOt. _aa tb1a bas be.n attributed 

to the p&"opert1e. of the _riat ... tlc 11De im-olveCI ia their 

origin. 'l'be _risteaaatic 11ne, cooaiatln; of specific cell. 

b aor. or 1 ••• fixed position, exerei ••• a .trlct cOfttZ'Ol 

OYer the aitotlc eyeDt. (.-..ra, 1982, Vasil, 19M). It.ocOrdillfJ 

to B .... y (1978) autated c.lls, if any, in a ~ltiaellular 

shoot aPeX vill fOJ:1l ollly 11lDitet! ar ... of tl •• u. which 

"entually r_ln euppr.__ 1n the .ariet •• tic revioa. The 

.aet .. jority of the pleatlete reg.nerateS froa .. r1et..v.hoct 

aPeX culture bey. been foUDd to b. qenetically etable 

(Mcore .. 1.1., 1981). M.tet .. 81D9le cella in a call •• , 

OIl t.he other band, ca. aultiply aa4 gi.e rise to a autot 

ea..atittou. plant. 

'l1ae coat of prodUGi. jau plantlets U8int aPia •• 

fzoGa fre.h .t .. epr:oute of f1y ... y.x- olCl tn .... a worked oat 
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bas" _ the facilities of the 'ri .... Culture Laboratol'f 

at tbe Coll ... of Bortic:altve, •• 11'19 • potential of 

"intQiDiD9 4200 ca1tare. for .ult1~llcatiOD 4200 culture. 

for shoot eloD9at1oa, 4200 cultures for rooting aDC!! 1000 

plafttl.ts for barden1q. 0_ ecientlst (Js.1400/- p.a.) 

and 01Ut 'l'ec!m1ciaft CIs.l000/- p.a.) were consid.red l'leC ••• ary 

for tba work. .aaed 011 the pte of culture •• tcbl1 ...... , 

rooting r •• pon.e of the shoots and the 8u"1"al of the 

plantlets at vsl'loWl atav .. , 6518.56 plantlet. per ,.u caD 

beprod.ced froa 100 u;pli.nt.&. "be total cost ill9ol." 

per year worked out to II. 60IMS.00, the cost of bu1lding, 

equl~Dt ,vla.avare and cheldcela 'baYlng b .. D 4istrlbated 

09.1' the y.ars accorc'!ing to the1r potentlal/dul'8bility. 

UDd.r the abcW. conditione, the coat of PI'Oduct1on of 08. 

Jack plc.Dtlet inclwliD9 one IIlOIlth's bardeninq vee fOUD! to be 

11.9.99. ... further ~lOC! of 81x lIlOftths _y be requ1ret! 

in the DUMr:y whicb could incr.... the cost by about 

Is. 0.50. 'rile cost caD be reduced by auv-ntiDCJ the phyaical 

fac111t1 .. , by laprO¥lD9 the rat. of aultiplication of t ... 

propaVUle, by redw:ift9 the lIOrtality of the plaatlets .ell19 

lIi.t fac1litie. etc. 'l'he c:urre. coat of jack flralt. in the 

KAV f.~ is 11.8.00 per 9nft end therefore, the lletbod 

r.ported here1D ~fere ~ ... 
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:ED the fo .... o189 eI'.c .. aloa, the •• 11.. f1a41 .... 

of tbe ....... t iIl •• Rip'i ... ha •• been crltically 

••• lu'ed whioh l,.,i_, ..... ilailitl •• for d .. elopi .. the 

api_l _rla'ea _ltun 'eela1.- •• a c~",al -'hot 

In jack. For succ ••• ful. ea.slrclel exploitatlon aDd for 

\lDl'a •• lliD9 sa. of ,be puasle. thrown out by tbe .. 

i ... at19.tl0 •• , iat ••• lfl .. week 1ft apec'fic areas ..... 

MC .... IY. 

bplallte froll fnala at. sprout. of _ture jac:k 

t..... (10 aad 30 yea .. oW) aDd shoot api ... of ,...." p1lfte 

.... c_panti •• ly law aultlpl:Lcatlon rate aDd l1ld.'" 

rooting r •• pons.. ..peated .uM1alturlD9 and .pecial 

pr ... lture a" cult.,. t .. eat.eDt. yielde4 only • partial 

rej __ tioa 01 SUCh ... laat •• Detalled l .... t.tlo_ an 

_ .. ranted to un4"ataDd tlle pb78iolO9i08l and itloo~1eal 

•••• of j_eaility aDd ••• 1.. .0 •• to "01 •• teehD1cpaea 

tbat voulc! _1DC) about. total nj ... natiOll of t'be -t ... 

• xplant.. Oal,. t'bea caD w. __ the protoeel d ... l .... 

la the.. stadi •• appUOll~le to -ture tr •••• 

JWJ .a.atic .......... 1. i. ...,ul to v.nerat • 

• ariante and is •••• nti.l for haploid culture ana prodQCt1on 

of ~lplold., ._tie __ ,d •• tc. f'urt1\er .flon. -J' 

be _d. to :LIIJWO't". the .all .. proC!uction and to i~._ 

oall .. r .. 41ff.reatiatiea to obtai. plantlet •• 
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.... though 1 .... 1_ ., a1n~ .... tlc orp.D09 ••• 15 

01' direct/oall .. ..slat ... _tic .... ~_.1 ......... 

aa.uec ••• f"l, att:.-pt •• bMlld lie _d. wU:h diffar.nt atilt" ... 

_41a, cult"" cOllditi ..... -.plant: .GUna ift the 119ht Of 

_uea ••• r.portee! 1a other uep8 (Lita, 1985). 

Studl •• on .!9oU', tiDal tn. 51ae, CI'Oppi., _pacity 

aad pbeaotypla .tablilty of the tl'." r •• ulti ... fna .hOot 

apex culture an _c .... y before allaneraiali8in; tlw ~ .... 

Iafl_aGe of 4iffe .. e. 9eDOtypeS and .... ODS 0. tbe 

.... poa •• of the explant. ha. to be studled. 'I'be .... i_ 

pre.eatee! in abapt_ 2 IAdlaate. that gellOtype. la apple 

(zt..u.an, 191M) ,.rape. (Xrul and Mow_.y, 19M) ,ba_. 
(d. a_n .. &1., 1916) etc .......... in pa,.,. (PaDC.1.,. 

.ad aaJ ... an, 1983), cocoDUt (Raj" al al., 1984) etc. lafl ...... 

the I".spoaae of th ... puat5. 

II • ....... ada 

~'5' •• "" erythroglla Seh_ " 'l1aoaa 1. PCOPlpt .. 

!ty .... atl.e .. na, cnattl., aDd lay .... lag H1Dl CG. oal, 

•• plO78d. As .u.ah strict tne-to-tyP8 natu.r. with r_peat 

to the oolour: of the follaGe"_ •• ,.ls exist. ..1111 a • 

......... atal plant, 'P .. iaJal1:Lty 1ft col .... will ba •• eeoaa.ic 

r.l"'_e. 'l'1le pr .. e •• t.U ... w .... "'erta'ken with a Yi., 

of 4 .. elop1ag an .la yl," cl_lao procedure throucrh .boot 
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apex cultu.. at .......... '1_ of techDiq... for _tic: 

0I1laDOCJ.Il .. 18 aDd call .. ..a1ated .. 1'fOC) ..... 1., wblch 

an r.port., to yteld ftl'lanta 1n oth.r crope ••• 1 •• 

• tt.apt ... 

S.taDd.J:d1a.t1OD of tbe 41ff.hllt atet.. (N\u:eeh14., 

1974) In tbe Ja y'\" C10Ml propagation. of Blu •• eDd. tbrO\1lh 

ahoot apex culture we. ett.ellpted. The procedun bJf'olwa 

a,:1t8tl89 the shoot aplcea III a solutlon of .acorblc .cid 

(50 p~ fOl' 10 ainute., .uface .'.1"111 .. tloll wtth ...-cule 

ehlorlc1e aoltat1on (0. un fol' 11 atDut •• end eultun 1a aD 

•• '.bll .... n.t ... "1_ (1d.Dt.1D/D cQlblnatlon 0.1+0.1 py;a) 

for a per10d of three we.lte (at8.8 I). '1'be qrowiag .hoot 

ap:1c •• weI'. tben trllD8fel'red to a prolif.l'8t:1OD ..... 1_ 

eontalftiDIJ • 0.5 Ps- + lttnetlft 0.5 ppa and eultu.rec5 fol' 

four weeu, dunnq wblch PIIrloCl .... nced 1'.1 .... 0' axillary 

b ... oooun-" (Sta,. D). A aultlpllcat:1oft rat. of 2.7Ix 

Oftly could be oIItfliDed, which la coulderad low a. caapal'e4 

that ln Jack (4 .5,X) • Dur:1ng .ub.equent aubculture ('or 

fl •• tt.a), the _ltlpl1_ttoa ... t. lncrea .... 119btly to 

.a ••• 1'". of 2."x. ftle .hoOt. froID the proltf.ntton 

..,1_ after •• paratlon we ... _de to root 1n 1/2 _ ..,1_ 

•• pp~ntecJ w1th DA 0.4 PJIIl eDC! JIM. 0.4 pPa UDder dult 

co ..... :1ttoe. in abottt 17 dap (atq. III). GOOd a __ of 

call ....... n 4 .... 1oPed at ,be NOt-shoOt Junet:101l. 



213 

Partlal "ltberia9 ana ,.l1.-iDg 01 tbe sboot. ".1'. 
ob ..... by tha t1lle t. root. we" :lD1t:late4. TIle •• 

• a. to bay. iapared the a.o .. a :la atage IV. 

'I'he _ aed:lu. auppl .. atet! wlth BA. 0.5 ppa and 

1tiDet:lD 0.5 ppa ._ found to be the •• t sultable oae for 

coD4:lt:lonlng the _pleat ana for :lalt:lat:lng ,roRh :In the 

culture. It _,. be recalled t'hat the •• tabl:l.haem ... 1_ 

for Jack va ... aed:lua .1lPP~t.a with GA 1.0 p!* an4 

act1 .. te4 charcoal 1.0 per caat. Such alffereDt:lal ~r .. 

.. at 'hal been reCOl'de4 :la a 8tab_ of crops (at and -D9, 

1983). I'urther, wh:lle Ja.k .rdl1h1t:ec1 41ff.rellttal 

requ1r_nt betvee. ata.e I alld II, ••• aeD4a .bowed .001 

re.ponee to the cultue •• tabU.,..nt _edt_ ".D at 

Sta._ II. Bence eabeultv_ to -.4t_ of the .... 

coapoaltlOil was aufflc:leat •• shoot proliferation. !'he 

rat. 01 1l1l1t:lpllcatlca va. _ly 2.15x. Serial .ubculturtB9 

at 1000-v .. k :lMarYel In ,be ._ PJ:ollfer:etloa ..ai_ 

iDCnaNd tha _ltiplloatloa I'IIt. by 7.27 per cent 1l115icat1Dg 

the return of tbe eboote to a lIOn j .. enil. stat. a. a 

r.sult of eequeMial e\lboulturlD1. &1Ja1lar result. bay. 

been obe.n'" In .pecl_ l:llre , .. k (Gul'ta a1 .11., 1910), 

.ucalypt. .apta G. Al., 1981), piatachio CBal'9hehl aIM! 

AldersoD, 1985) ana jack (la the pr ••• nt nadie.). 



!'be coapcNIlt1oa of tbe pZ'011 ... t1_ ... 1_ •• 

workeCJ .. t .a.. oa t_ .... ''It. of the 8t\141.. i_oly1ng 

ayto1d.D1u (BA.ad 'kia.1a), .. eDift. 8u1phate and .ux1aa 

(IAA .ftC1 DA). BlVk1netift cOlibinat101l 0.5 + 0.5 ~ wa 

fOUlld to feYOU' .ultipUatioa .nI! 91"owth of the ahOot 

cultures. 8111118r Jd. .. of .,....1a. between 'kinetin .... 

SA haa be_ zeportec1. ill t_ 18 xun ad,llazy ahoot .. oli­

fflr.tioD of t •• k .D&! ... lypta (Gupt. U. al., 1980, 1981). 

Auxin. WK. IIOt fouad be.-ficlal 1n .. aa.DIe 

(&ta9. 11), as they 414 DOt lnfl_DCe the ault1p11aatloft 

._ 9rowth of tbe 8~.. 1ft .4Cilt1oD, _11\18 fOJ:lllltloa 

" ••• 180 ev1d.nt 1n the th8t.eats 11WOlvl1lQ auxlna. !'be 

pre. __ of endogenoU8 awdaa at the required leY.l •• 

d.ecrlbed by .stl9awa (1980) 1ft roa. shoot cultu .. , _y 

bave bro\l9bt .bout tbe.. n.poIlMa. 

Inclulon of aell.ai_ .ulphate in tbe .aic prol1-

feretlOD ..cI1u. did Dot .lJJalf1eaatly lnflueace tha 

_ltlpl1 .. tlO8 ... t .... 9rofth of tbe culture.. Tbla 

o» .. rY.tloD la CODtrary to tha resulta reported 1ft DtJ,a 

'.'M!;' (Scbaalac!~h and &1nk, 1979), carrizo citr8ng. 

(JU.tt ..... YO\tDCJ, 1981) aad jae1t (In t'hePr.sent .tudi.). 

Ifhe .. 1a ... D1c .. It. at ..... 1 .trength • ..,.,..ted 

tbe 9rowth of _ ........ __ • a .. f.ftund tMlr 



a1lltlpllcatloa. Vall_ ill rhD4od.l'III!roa (Md.I:' •• , 1910'), 

the ADd._on· e a .. l_ wlth nc1uced cone.lltntlon of 

a .. l_ nltl'8te alld pota •• l_ altrat. and illCna.ec1 

conceatl:'atloll of f_rou sUlphate ana "2 BD'l'A, ..-CW'eI 

iaeffici.nt to •• pport the ~llf.l:'atlOD and 9J:'OWth of 

_ ......... hoot cult,,"a. As 1a the cae. of Jaok, s~ •• 

at 10.0 to .0.0 til va- fouac! to be a aultable carboa/ ... ~ 

.OUJ:'C8 an.! .allOtl ... 

rOJ:' the 1"act1on of Ja yltro l:'ootlftCJ, ..... 1lCIa 

.hoote fl'Oll the PJ:Ollt.ratl_ Mdl_ WI' •• ujected to 

.al:'loas treet •• M COIIblDatlou of UA anc1 lfAA. IBAIJDr.A 

aa.binatlon 0 •• ~ 0 •• ppa .... 'o.~ rooting with .... n 

root. pel:' shOOt in about 11 4a.,. after inoculation. Gupta 

do Al. (1980) also obtai'" Ntt .. ",8ult. of Ja 71\10 

I:'ootinv ill teak with a a.-l_tloD of auxina. In 98 • .-1, 

the root. producec! lD the .... of .... a ..... wen slead.r 

an4 week, with only a f ........ ry braach... GOOd UIO\Ult 

of call •• lng "._ oa-.... ec! at tbe bae. of the ebOot_. 

'1'he calla. _y briDV about ....... cular cOl'lDeftloa betweea 

the root. aD! the aboOt. '.r1les. I:'.spoa ••• poiat .1ther to 

h19h l_.la of the a'Wl1_ tr~ (t. .. , 1979) or to t be 

.. eel! for tl:'''Ulent wl~ other •• i.s. ...8th (1981) 

r.ported tbat CDP,., a rare a71*_tlo •• xia, prod_till ,. 

"1:'. I:'oota tM. I..,. In apple .... etocb. 
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Coacellt ... t1_ of _. _ iftOZ'gaD1c .alt. iDfluenClllld 

the per a.at root 1.itlatiOB aDd the .-ber of root. par 

culture. Balf et.l'.agtll of tbe .alt. racOI'C1e4 tile •• t 

f.yourab1e 1afl. __ • .,. i_l:9a.ic .alt cOllaeatratio. of 

the ••• 1 -.di_ .e .... fo.d to be critical for root 

1ait1atlon ill a ..... r of speci •• , rqarc1l ••• of tbe type of 

9rowth r.,.lator pre •• at. A re4.ftlOft to one-half, one-thir4 

01' o ... -fotanh of tbe staDdad .treD9th fa90unc1 rootiDl ift 

_DY .peel.. (KarthB al 1.1., 1914, 1981 J a1t1nin aDt!l ChU, 

1919) • In the ", ••• Dt stuli.s, by the t~ tme root •• ar. 

1ft1tiated (31.0 .e,.), thlt _ ... .se shoots cultunct at 

reducec! leYel of _laoqaDie .alt. t~ pale y.llaw with 

ayaptOllS of wh1therln;. '1'h1. 1nC11eateet the 1nauff1cleDeY 

of lftorfJan1c .alt. for •• ppoI't11l9 sboot qrovth for 10111 

perio48. OIl tbe cClDtrary at full •• It strength, whil •• hoote 

we" supported yell fO&' longer ,.rloCl. the DUllber of root. 

per cult.. (3.5) ana the I'OOt initiation (40.ClU vere 

r8'!ucec1. 1'001' sboOt 9rowth i • ..ala fa.our1 .. .ill y"" 
rootlll9 haa be ••••• ned 1D other 8peole •• 1.0 (Wa .. , 1918, 

Gupta a1 al., 1981). ",.. ADaeraGll' 8 r:ootlDC) ..,1., tho119h 

reportae!! to be lood for rhodec1ellll1.1'Oft tAader.OIl, 1980 ) d14 

Dot fayou a y,tg rootlD; of .... ..,.. S1loroee 30.0 9/1 

... fo"'. to be the Ideal oal'boD 80urce ant! OdIOtietB for 

rootlll9. Avar. as a card __ terial, support ... _t_ 
root laiti.tloD (80 •• ) at 0.' pel' cent cODcentretI0 •• 
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JIl the pn ......... t19.t10 .. , .fforts weI' .... . 

f. tbe d1rect •• t.aI»11.--'_ 18 pott.1Dg -1xt,u. of .boot. 
fro. t.he prolif .... ~10D -.41., ..... t.reat.ed w1th xu. .olution. 

s.ueh att_pte ".re DOt • __ saful. It. .. y be r.called that. 

11l j.ck a180 the aethod PI'O'Ieti a f.l1ure. aow...r, theft 

an llueee •• 'ul reports of direct plent1ag out of the .boots 

'I'0Il the pro11feratioa .... 1_ Ole CWn aft4 ~., 1979, 

It.ley A al., 1980). 

Att. ... OR _lw • .ed1.t .. lS ... tic orva ...... i. 

fna •• ri .. explaat. of ........ 1Dtllcat. ... 'boot apice., 

leaf ..... nt •• Ik! ._at. of the CWal7 vall.. ."itable 

for call •• prod.etlon. - .... at. of the Oftry vall yl.14 .. 

profu •• call .... l89, ft9lst..riDg a callo. 1n4ex •• 1 .. of 

400.0 at the best tr .. ~_. AIacag the ca.b1Dat.1Oft. of 

auxl •• and cytoldll1lls, t'bO •• 1 ... 1.11\9 1QA aDt! kinet.l ..... 

the _~ ".po ... ift t ... dlff.rent explat*s t.ried. 

Bow •• r, the optilaa 1..,.1. ftriec:1 wlth the explant. ••• 

lD the ••• Of jack. If. cliff.hnae ln physiologic.l 

eolM!itlou of tbe aspla •• like leY.1 of eMote .. .. 

pllyto'boJ:1loaea, n1ltrl ••• , _tabolit.s, her_Ofo ... _id .... 

t1f1ec! ,rowt.h subeta_ •• et.~ II1CJht be •• be •• ::·iJ r •• poll8ible 

fOJ:' tbi •• ariatlon. Accord1 .. to &'kOOV and M11ler (1917) 

qMMltat1 •• late ... fti .. ))at ..... 4:1. .. r.e growth 'act.o ... 

_y •• e deci.1.e role 1. or .......... 18 • CMDfJ.. 1n the 
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tot:al a .. "latl., • ..-ta of cytolUa1u aDd awc.1r» ., 

pr:OIIIDte dia-.. ,aDiaed call •• 91'OVtb, aboot fozatioa or 

root fo-=-atlon. 

Iuta... of sboOt ~8ge .. ration f&"Oll the ae 11_ 

of .hoot aplces we ... eb....... 11l .... eAda, tbowJb at a 

.. atber 1_ f .. eque~ of Sl... Th. regeneration occurrea 

onl, afta.. loft9 perlod of _ltur. Oil .. llediua supple_." 

with ~ 2.0 PPD 0 .. 8A{k1netiD co.blnation 0.5 + 0.1 paa 

a~ 0.5 + 0.1 ppal. JUVld_t1D ccabi_tions 9a.,e bette .. 

r •• ult ethan 8A alone. '-'. shocK revellera tlon pr:oc •• a •• 

• low and tbe Dew .hoot. for'" wer. tiny with tbe a.,.. 

8urOUllded by ainut ..... _ 1 .. .,... The r •• ulte 01 .... 1' 

revaa 1 tbe I' .. eneratl.,. potential of ... a.enda call .. . 

Pllrther lIIprov_at in the frequeAC'J' of shoOt diff".llt1atlon 

ana the CJl'OWth of the d1ff.hllt1.ted shoot •• , be poe.ibl. 

b, opt1malnCJ t'bl aoa. of cult..... (llquid culture) I cultur. 

ellYlro __ t ane cultue .,,1_. Plantlet r898lleretiOD 

frca tbe callus leade to h1Qh incldenae of bWid differentiation 

(Brown aDd a~, 1982) and eDables ,eaeration of d.sl.lIle 

yarients. 

-the call.. frca shoot apt ••• of ...... ntI. va. 

__ • ..s to haft great potential for rhiSOfJ .... i •• 

Differentiation of ~. vaa .... '&"eqU.nt tban ahoota. 



.... la. a __ r Of roots per cult\1J:e (13.33 with 66. '" 

root laltletloa) was .sened at ldnetll\111AA COIIblnatlon 

2.0 + 8.0 p.-a aft.r 60 48711 of culture. The root. 

dlfferentlated , .... the callu (in contrast to tho •• 

pr()(!uced wlwa the Sboot:8 vere subjected to J.a I,'ro root! 119 

treat._ats) w.n bealt1l7 and 8Xhlblte4 • f.ater rat.e of 

9l'OWth, produclng prt.e~ aDd •• condary branches. S'kOOV 

aDd IUller (195'7) 'be .. oplaed t.bat h19h cytokinin/lew auxin 

fayo.s shoot differeDtletioa wber... the r .. ene. root 

f OJ:'8t 10ft. It.y be .,..sib18 t.hat _usaeada callua conte ins 

a high leY.l of eDt1ogeaou8 aaxia, lnb1bitlag shoot differ­

entiation and ~1D1 root d1ff.reatlatioa. 

In aft atteapt t.o l~uce direct soaatlc or9an098ne.18, 

the J.D vitro feraed shoot aplces, lnternodal 8eCJ81ent. and 

low.r hal .... of 1 ...... (wlth petiole) were culture4 1n 

_edia supplemented wlth aa-blaatlons of SA and kinetin. 

Altu\JU9h dl".ct lndlcatloa of organogenesis baa been rapOrtecJ 

fro. leaf _plaMs of _y specles CBehki and Lesley, 19'76, 

Ralr G. !l., 1984) I the treat_Me failed to induea direct 

orgaDOClaft .. is fr. tbe explants of au.aencla. 

'1'1le potential of the __ .. alda explant. for C!lract 

and call_ lledl.ted e~tic _~09aDe.l. we. alao .e.taet! 

in the pra.ent studle.. Dlrect .~tic embryove,,8i. was 

not obsen". How".r, glob.ler .t~ctures re .. llblll'l9 
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... tic .-l»~oid. vera , ... .a v1lea tlle eel1a f ... tbe 

in&!\lCtiaa ... 1 __ • tftDef.rred to -.41_ contalD1av 

BA/k1_t1a GOIIb1 .. tl_ 01 0.5 + 0.5 pta ana 1.0 + 0.5 p~, 

alter 70 to 13 da,.. of eNlt.... !'lie.. stnctue. theD 

.xhibited .s.-lta .... root anti .boot dewloJIMDt. '1"he 

frequeacy of oeCNl'l'e_ of the atncfturee vae 26_ 'M. OIlly 

l1ait84 a1lllb.r of tlae ••• tl1lCturea w .... oba .... -' (which 

va.8 .. ie. to '.5 p18atlet. fieal1y, at the beat treat.at), 

coatl'll..,. to a_rcN8 ... ,.rtea iD other epeel.. "'-1rato, 

19'3) • '1'he .hoots .... lopec1 wer. _.11 aDd liVht VI'Ma with 

lliaiat... light ..... l4Ilv. ..., a ttaft of allOW "bit., 

_11 root-. 'lh. plaatlet. exhibited •• 1ow ... t. of .owth. 

IJ"be - .. pIlolOft' aD&! ,l'Wtb "te of tbe root. ".r •• triJd.D91,. 

41ff.reat Inla thoe. of tbe root. 4 .. _10pe4 by ._tic 

tmJ-DOP ... le _ .,..11f .... tI08 of root./ehoot. 1ft other 

part. of the call .... tot.11,. abaent. 'l'he •• ob •• rvetloaa 

... to lad1cat. t'bat tbe ,1obalar structure. resulted 

fna ... tlc tlllbryog ... I. a .. DOt from ea.atlc Gr9 •• 01 .... 1 •• 

Bow.., ... , .iace hiatolo;lcal .. __ tlon to •• c.rtala tbe 

lack of v-.cul.r c __ 1oa betweeD the plaatiets aa4 the 

aotber call". (which 1 .... of the proofs to confl~ _tic 

ellbJ:Y0iAI fOJ:'lUlt101l) was aot 4 .. , thl. al:'9"'. oa_DOi: be 

fore.fully ..... a-.tlc ...,..,.. .... i. has b.a ob •• 1:ft4 

l_ • auber of epecle. (RaV.v .. , 1916, ,..1,,8to, 19." 

Lit., 19.). 'rbe po •• ibI1ity extst. tbat cell. fnll aay p1&at, 
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9iY- the appropri.te n~l .l1li1 coa4ition., could be 

foetered to e",,'It _ t_ ellbryGgenet1a pstbway "'-into, 

1983) rather tbe follow1ag OJ"9I1aog.ftetlc pathway. hllVe 

to d .... t ... t. thi. capaclty baa .... a 181'9.1y 4 .. to 

f •• lty techlllq1l8. allll/_ lahibltlD9 coraditloae wlthill t_ 

eyet_ (aaQ'baYaD, 1911). %apr:oY_nt ln r .. po ... e .Y " 

eff.cted ~Y optt.Sal .. ooDdlt1ona to aa.pletely ell-'nat. 

the lahn.ltory f.ct ... , lay txyiag dlfl •• nt naodea of nlt .... 

(11_ llquid cult.e), t.y pr:oYlc11ag optt.. culture 

CODdltlou aDd bJ' .It..-lat the caapoeltiOft of tbe cultua 

-.die. 

P18atl .. CNt of the _ ...... plantl.ta •• 

• tt •• pt_ wltll alfle .. eat pett1n9 .... t ...... \Ind .. nrrtaw 
1l_~lty ).eyele •• a a .. 11l tM ca •• of jack. lIcNeY.r, 

BODe of the tr .. t_ate w ..... ffectl .. e ill IIUPl'Ort1DcJ t_ 
aunl •• 1 of the p18llt].eta. II'be"..k and al.lder root. 

which .... 1". law III DtIIIIIIt .. , tM call.. )We •• at .t tbe sboot­

root juaatioll which a .. ".a ... 11y .ftar planting Otlt .Id 

the penlal wit_llll 01 shoOta ))y the tt. the roots ..... 

laltiated, could _ GO.81del'ea •• the r ••• ou lor the 

lack of .uni .. l of the plaatl ••• 

!'be protocol for ill y"u I .... tion of -.ltlpl. 

ehoate an4 pl.atlete, etan4acdlae4 for ..... III!l. 11l the 



222 

...... at at.sl ..... 18t1lu ref1 __ at w1th naPeCt to 

optla1.atlOD of the ... of cult .. _ and cult\1l' ••• 1r ___ • 

•• pba.l .... t be Vi •• to ber ..... the 8hoot1ft9 and root11l9 

potential. !'he 1I1t.d ...... of call •• oba.ned 1n the 

.tw31e ... tH! to be .UIIl-t". 
ranhe&' rel1a1Bg of tJae Pl'oc... of a .. tlc 

01:98809 ..... 1., oblle.E'Yed 18 tbe ...... ot 1_ •• t198tio_, 1. 

needed to lDd' ••• the I ...... ~ and to 1~. tbe 9wowt:h 

of the plantlets. 

B1.toloCJlaal .~ud1es to a.certaln the .tatu of t_ 
vlobular _truet ... (H .... llDi ... tie .-bryo14l) .howl .. 

slau_aeo .. shoot aDl1 not ct • .,..loPlll_t, .fforts ~o inc ...... 

the frequeaey of ._tie .. rJOI .... l. anc!J att_pt. to 

!.alCOY. the .~h of tlae "nltlD9 pU8tlet. are al •• 

varn.". 
&lnc. att_pte to lad .. _ltiple shoOts to .xplolt 

tbela a •• oure .. of piaatlet. dieS DOt yle14 _coun9i., 

ree"lte, the cour •• ope. ...e to be dir.ct/eall.s ~late4 

saatlc ellbr709_ .. _1. at the d •• lred f&'1Ml'leDC1...~.1Dg 

r •• ult. on thes. liDes .w beeD reported 1n tlle ee •• of . 

Grope like coff.. ~hl aDd SM,"P, 1977) ani ,. .. ,. 

(Lit. and Coftwer, 1911). lfbe _tboa vill ha •• a4484 aa.eata .. 
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18 ..... aIa wMre colOU'/type _taats wOlllcl be .ery 

.. lubl •• 

III. 8readfruit 

8r_dflUit ""' ...... Il"U' L.) 1. ~ly 

qrown ill tbe ~.t .. 4. of It.ala for it, fruit. which 

ar. U8~ for "egetabl. paI'pOII.. It 1. propaqate4 throu9b 

.... t.tl •• _ .... ia ~oted root cutt lng. ana root .uck ... 

(Pun..,lcwe, 191.). nl. -.th05 offer. a law Perceatage 

of succ.ss and 1, .. pecially c......... Standlu:dl.atice 

of .ffecti •• ti,su. caltun t.chftlq.s _y be rewaJ:'4iBt 

for tba _ltlpllcatloa of the speei... At pr ••• Dt there 

ar. DO reports Oil ti •••• cult\We of breadfruit. 

'11le pre •• nt pn11lll_ry studl •• , aDed at: unc1ernaDdlag 

the J.Il y1tg beha.ioUr of t'be _plants fr. _t1lft tn •• 

poiDtec! to two PI"~IY pn'blella. __ ly, polypheDol 

ox14atioft aRC! r:eduoecJ ~"POD8. of tbe explant.. Ifhtt _pia rat. 

fr_ the .hoot apic .. coaltt 1>8 .ffecti".ly surface .teril1 ... 

by .*l'MDtial tnata •• e with 1.'" lodi_ hypochlorite 

(for 10 laiDut •• ) aDC! 0.1" ..-OU'1c chlorid. (I. 10 Ida_.) 

,01utiona. 'I'b. _ -.5i- Pl"cwel suitabl. to support the 

91'OWth of the cultves, a, indicated by tbe Vrowth (alth0u9h 

,11Vbt) "9i.tel:" aDd tbe prolOAV-' sUJ:Yi".l of the cult ..... 

"latch "e~e DOt e ..... 1y .ffected br browniDl 4ue to polypbeaol 



ox14atioa. Whil. the shoOt aPic •• failed to ia1tiet. 

callWl, the YO\UlV iaflonsnac •• respODC!e4 "eakly to the 

eall •• IDC!1ICt1. tnat_at ,,1t:h 2,4-0 1.0 ppa + 'kiDetiD 

1.0 'PJa. TlMt call .. PI'0411G.t recor:.aed • low callua iad_ 

.al_ (el • 60.0) aDl'J tv ... 11vht VI'MIl befen the 

c!lacolouration 4!\l. to pol~l o.&i4atiOD set ill. 

'f'he .tuc!i.. iD41catec1 tbe possibility of .~tic: 

orQaD0ge.ais by optild.a1D9 tbe --S. of culture, Pl"eCtultun 

treet:.eata ani! culture coDl1tlou. 

IV. Pepper 

Pepper (Pipee ",.,.. L.) is II l4ading oeab crop 

of Kel'llla. It 1. propaqat«l bf .eQetatl.e __ , uiDi 

root., at_ cuttiD9t1. 'I'be receat 17 de'9'f)lopeCl 'biulboo _tbod' 

(CJCaI, 1985) for the rapicl ."etati" propac;atioll of 

pepper .ia rooted siDQle DOc!e ctltt1D9s i8 estl_tea to 

venerate 1.5 to 2.0 1I111i_ rooted cuttings ill aD ,.au 

frca one hectare. 'I'hi. aethod _I' b. succe.afully ad.", 

for the rapid multiplicatiOD aad .. rly .8tabli.~Dt of new 

V .. ot~ .. olved. 

n. pn •• nt pr0c5uat:iYity of tbe cr:op is report.t 

to b. eoaaparatlvely low (&aftppa, 1985). Impr ..... nt of 

the pc'04uct1Yity aD&! produat1oa of pepper 1e bel89 V1 ••• 

.aoh _pbaa18 at prea.t. 'l'ba pePPer breedlD1 PI09ra __ 
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.t the •• riCMUI oeatna of ae_la co.eatrete OD evol.1 .. 

• arietie. with h19ber peW, better quality aDd dl •••• .; 

pest re.iatanae/tolecaDCe • 

• 18at. ~ ...... ..- tl .... cnalt .. , e8pealall~ 

.i. _lla "'iatee! __ tl0 ... -.. •• 1. ba.e "'-tD repolte4 

to eXhiblt b19h.-...t of .. ~ta~tllty (Carlson, 1911). 

a .. oloDal ftriatloa belpa to wi"_ the _tunl .. netic 

.pect~ aDS ls " ••• 111 fOJ:" the .e1ec:t:l.OD aD&! hybr:l.diadioa 

pE'ogre..... Xt va_ i. tb18 COiftext that tbe preM. preli-

1IlDU7 att .. pt Oft tbe __ t1c OI:'pllOl .... i. of pepper •• 

UJdertaken. 

tri8sue culture pt:...sun ..... not pre¥loaaly tdel 

in this crop. In the preeeat 1li:1ldi •• , profu"e callu.i.., 

could be intllloed frCB tbll DOt!al 8egt1entE and shoot ap.l.c .. 

by culturing thell. on MS. ..alUJ1 8upplemeated with HIW\ 2.0 PPI + 

kinet: in 2.0 Pt'Ift. '1'he MS IRed 1_ could, therefore, be a.811a1d 

to be suitable for 8u~rtlft9 tbe aw:vl.a 1 and CJrowtb of tha 

pepper ex.plants. Plecolouratloft of tbe cultures due to 

polypbenol oa1datlon va8 observec1. However, the problea 

eou~ b •• ffect1 •• 1y .01 ... by •• rlal IIJ1.abc:ult.,lDfJ. 

'nqueDt sabc:ult.,1DCJ baa beeft a.-oastrated to ,,-'uee t'be 

lDC14_. of aulture 41 .. o1 .... tlOft in any apeal.. ca..na 
-89, 1983). fte nrface ater1l1 .. tlO1l tecba1que _ploy" 



" " I' ~ .:. ~, 

1. tbe pna-* at\lll1_ failed to .11alaat. tbe .yat .... o 

pr ••• DC. of bact.ria 1. the cnaltun. ..eterial COIK .... -

Dat10a appear'" ..... t .... nced atav •• of Orv.IlI09 .... 1., 

_1d.nv it d1ff1cnalt to ...... a,.t •• t10 atu.c!y of tbe 

._ti. ol'9.aOl_.1. 1a pepper. &7IJt_1c pr ... ac. 01 

baoteri. ba •• eft r.poned to coatall1_t. the culture. at 

the tl_ of cnalt ..... tabli.1IIe1lt or eul:taeq\l.Dtl1' c!viD9 

p&'Ol11entl08, la.1lY .peei.. 'st.laaaa, 1981). In tbe 

11.itec1 laatanc •• of lutul 'nec5- froID coate.Datlon, 

profu •• root rev ...... t1oa la tbe celli of sboot .picea 8l1li 

aodal .xplent. W. obeenec1 at awl" raftCJe of JIAIV1d,_tla 

~lDatloas, lndicatl ... the hlVh _rphoCJe .. tlc .,.ential 

of Pepper upleats. Shoota .. en obe.rved to fon 1"\141 .... " 

vr .. a Vrow1ng polnt. fr- the oall1. V •• of .xplant. f..­

ucl ..... ..m:yo or fl'C)la .... 11 ... re1eed \lftder 8t.rl1. 

CODc!ltloaa _1' 801 •• tbe ..elell cauaed by .y.t .... c baat.ri • 

• Dd a1. in ... t1c or .. aog .... 1. 1ft pepper. 

Y ...... 

• at ... Qtnl.t1. fEUDM .tNtt.), OIl. of the 

.. 1*1&r tr.. apices .Dd • ~_ of the ault1-atoreye4 

cropplng .1'.t- of lter.le. It 1. c .... ly propapted thl'CtllJh 

...... ..i89 eros. polllaat", .... propaV.tioa in n"'-9 

leads to •• riabil1ty "'DCJ tbe ... 09-1'. aut..., i. a 

4i ... o.. pl.at .Dd r.eogaJ.ti_ of the e. type i ..... Dl. 
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_17 whee the "'PE'Gh.ot1 ....... R. 11l. ... ... tati .. 

pro .... tl_ througll .. a.... (I.Duchl .. ) i. poeslbl. 

( ....... low., 191.), )Nt 1. e low 

1'8t_ of II1lltlplioati_. ~her, tbe .rafta ah1blt a 

.1_ .rowth rat ••• 181 tile ialttal y_n ...... cloaal 

proPePtlon tbro1tVh tl .... nlt •• appears to be a prlorlty 

JIIJr .. 1011 • .-~ ... the tl ••• cult"" of a __ 

()..~ lacklDQ. "he att.apt ..... to ua ... taD15 the .&a !is. 
I' .. poaa. Of a • ..., _plant. .... ..1'1oualy _1'1''' ~ tbe 

problea of POlypbeDOl oxidatlon. "be callu •• 1a9 ........ 

at 2"~/1t1DetlD COIIblaatl_ of 1.0 + 1.0 Pta (altheath 

.11Qht) 111!1cat ... tbe pot.atial of the .xPlanta for aoat1c 

01'981109-... a1a a .. the s1litu11iq of. .. Mdl_ to staPPOr' 

the suyl .. l aad 91'OWth 01 tbe _plaata. "be .xplaat. 

cou14 be a .. c •• fully ....... ptlc "1' tr_tlDQ with _ro_10 

chloride (0.11') 'OJ:' 15 Id.mat... 'fbe J.a XiS" .... poIl.. of 

aut.." iaitially .. ith J--D1le explant., ...... farther 

atudi_. 





Att.-pt. weI". _4. 11'1 the .18l'1t If1 .... CUltur. 

Labontory of the COlle9. of JIOrtleulture, VellaD11t1aaEWl 

darlDq 1981-85 to .tand.cdl •• tl .... culture technique. 

1n .... of the lIaportant horticultural c.cope of Xes-ala. 

Detalled lDYe.t19atlon. Oft tbe alcropropaVatlon of J.ck 

(AnosarlNl .\'£ORbYllg r...) aDd -....... ( .... nt, 
.mArUbY1J.1 Scbula ... Ifboan.) .. ere -.4.. St.,i,. were 

al.o cond1lCted to und.rst." tbe 1D usa A.poIlS, of the 

explants froll breadf"it Ctcs-ral IAtilil L.), pepper 

<a. ... pwrw L.) and •• t..., 0Iyd,.t1oa 'caanH Boutt.). 

In the ca.e of jack, the .apla.a fl'_ plants of 

diff.r.nt ph".101OVical ••• weh subJ.cted to a ... rlety 

of culture _dl. and caltv. conaltlons for ob •• rviDV the 

.nbanc.-J rel •••• of .xl1lary 'b". a .. thelr sub.eqaeDt 

rootlft9 (dlr.ct .s w.ll a. J.D xUm) aD!! for lnlhacilll 

dlr.at/oall .. ..alat~ .... tic orvanog.n.sls/eabryov.aeal •• 

St •• arc11aatlol'1 of _thode for 'bard.nill9 the pl.ntlet .... 
\ 

their planting out waa alao atteaptet1. 

In the ca •• of ., .... nI!I., att.mpt. Wltre a4e for 

the ill IltD propavatlon .. ia .Dba~ r.leaa. of .xlllaqr 

buds and direct:/callus -.diated ... tlc orQ&DOQ •• al./ 

.lIbryogeDesla. 
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Prel~nary .tudt.s oDculture .stablishment a~ 

propaqul. JlUltiplicetioa we ... _a. ill the cas. of breaafruit, 

pepoer and nut...,. 

The salieDt ftndinqs of the above studi •• are 

s-.maris.a in this chapter. 

1. Jack 

1. Jack exPlaate frail the I5hoot a~icelJ of fi"e-y .. r 

old trees succe.sfully •• tablisbed in MS .. diu. 8uppl .. ented 

with GA 1.0 pta .IX! activ.tee! cbarc:oal 1.",. The media. 

8upnorted centJ;)er cent .urviyal aat! healthy, 9rGWill9 culture •• 

Surv1Yal of the lateral lnat. va. hundred per cent 1n MS 

aaeCituna with GA 1.0 to 2.0 pr- aDd act1ftted charcoal 0.5 to 

1.~, but growill9 cultures were too ffftl (0 to 20.0Jt.). 

2. The probl_ of phenolic. wes effectiYely _Dilli ... 

by adoptiaq suitable pre-c:ultu:re treat .. nts like ahakill9 the 

explants in a solution of insoluble PIP (0. "') aDd sucroee 

2.0% for 30-45 unute., triam1a; the eXl.)la nts at low 

teaperature anr! culturiDg tbela at reduced light intensity, 

frequent 8ubculturiaq, incorporation of activated charcoal 

(1.~) 1n the culture estebit.blleat .84i\118 and ineiu.lOll 

of insoluble INP 500 ppa 1n the multiplicatiOil aec!l_. 
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3. III the ••• of .. 18llts f..- fr .. h .t. 
SprMft8 of fi.e-~r eW jack tnu, .. .edi. eoataia1ng 

8A/DA a.-bl .. ti. 5.0 + 0.2 PIa and 1.0 + 0.1 pta 

.. ecOns .. the -xi_ a"'er of fairly elongated shOots per 

cult are (4.5 and 4.0, re.pecti •• ly). HOwe .... , the lenqth 

of the loag •• t shoOt was .i,Dificently 9 ... at.r (2.55 caU 

in tb. fo~r treatment. 

4. The hi9hest IlUlbar of shoOts per cultw:e in the 

abov. 011 •• wa_ recordet! ill .. + BAIJIAA cOlibinatioD 

7.5 + 0.2 ppa (8.75 sboOt.) vbleh .... on par with" + 

BA{MAA ca.b1natioD 7.5 • 0.1 ppa (8.0 shoots) and M8 + BAtRAA 

ccabiMtion 10.0 oft 0.2 Pta (7.71 shoot.). Bow ... r,_ODI 

tlw sboot. produced ill the aboYe treatments, • 1&1:9. 

proportion .... h19h1y COIl", ••• " aDd _.11. 

5. AUXiDs (1M, IIAA aid 2,4-1» 6id DOt infl_ne. 

tbe shoot aultiplication rate. However, tbs growth of t'he 

aulture. (in ter:llS of tb. l.nvth of the lOD9 •• t shOOt alii 

the lenqth of the lonve.t leaf) va_ elqn1fiQontly 1apr09ed 

by _jority of the l~el. of auxiu tried. 

6. SivDificilnt 1a~_nt 1n the shoot _lt1pli­

cation rate WIle obtain" by the inclusion of a .... nine or 

adelline sulphate in the basic proliferation -.4i_. -0ft9 

the leYel. of ad_1_ trle1, 80.0 Pta reQi.tered the -xiIMB 
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increa •• of 45.4.. ... •• i .. sulphat. 40.0 ~ N91at.e4 

the 9r .. t •• t ina ...... of 5t.O"'. 8oweYer, _jority of the 

f •• ourab1e le •• ls of ad.nin. and adenine sulphate affeetec1 

the qrowth of the cultuna by reducing the length of the 

longest shoot and the left9th of the lonqe.t leaf. Only 

adenine sulphate 20.0 ppm recorded an increase in 1BU1tlpli­

cation rate (27.2lK) without significantly affecting the 

9rowth of t he cult .. e •• 

7. 110 beneficial effect __ ob •• "ed when GAl wa. 

included ift the basic prolifention ... ha, in ternas of the 

rate Of .~ multiplication and qrowth of the cultures. 

8. bcluioa of ca •• ln hydrolysate 100.0 ppa in the 

ba.ic proliferation a.cU.- ioar .. set! the rat. of .bOot 

multiplication by 40... 8"'hr, all t'be fayounble leftls 

of CH tried, se •• rely affeeted tbll 9rowth of the cult\lftll. 

9. ne nalber of shoot. per culture, the lenQth of 

the 10nQe.t shoot and the lellQth of the lODQe.t leaf were 

s1QniflcaDtly reduced by lower11l9 the content of MS iDOrgal'l1c 

salta to balf atrengtb (re4uct1oD of JO.1"', 48.8'" and 

12.'., nS?8ct i.e lr) alX! qarter stnnqtb (reduction of 

51.6"', 55.1'" and 61.1_, neoectiYely) than tbe noral 1 .... 1. 

00_11119 the salt eoncentratiOil ceued, reduction in the 

length of the 10D9_t shoot ani the leD9th of the lonte.t 
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leaf (25'0. and 33.S., nspecrti.ely) ana di4 ft~ iaprcwe 

the shoot .ultiplic:etloa rate. 

10 •• edueinq the quantity of aucraee below the 

no~l level (3.~) ,.s UDf •• ourabl. in terms of the .hoOt 

multiplication rete aDd 9covth of the cultuns. Increa slng 

the quantity to 4.c. 414 DOt 8iQIlif1cantly iaprove the 

proliferation rete and Qrowth of the culture •• Sucre .. 

1.0 to 4.,", VBS fo~ to be 14.al as carbon/energy source. 

11. llax1Jlua fa.ourabl. effects of CJlucoae a. carboD/ 

.raer9Y .ource (in te~ of shoot proliferation and 9rowth 

of the cultures) were ob •• ~ at 2.0 to 3.~ leY.l. 

12. Th. Anc1ersoll's -.di_ (supplementea with SA 5.0 PPII 

and BAA 0.2 p~) w •• found to be unfa.ourable for shoot 

multiplication .Dd 9rowth of the cultures, record1n9 a 

rethtctioD of 30.5. ill the maber of sboots 'Oer culture, 

14 •• in tbe lel\9th of the 10Dgeat shoot and 39.3. in the 

length of the lonqe.t leaf •• c"pared to the .. proliferation 

_4i ... 

13. 'I'he .ultiplication ret. of the shoot •• _ 

inorea'" by 26_ 7., on an a •• rage, •• a result of tell a.ri.l 

.ubeulturiag at four-w •• 1t int.rYal. 



14. The .. ..al_ 8Uppl-.ated vU:b BA 2.0 p~ 

and IIAA 0.2 1>1* va. fOUDd to "- the II08t fayourabl. for the 

elongatioa of sboots tr:anaferred fl'OlR the prolif"atiOD 

Mdi .. , reco~iag a shoOt lenvth of 3.13 _ and a leaf lenqth 

of 3.7 c:a. 

15. Aa for. the J.D Xl'" rootlll9 of jack shoot 

cultur.s, the treetJDent -1/2 .. + lu.;RM caabination 2.0 + 

2.0 PPill (for six days) aad tlwn 1/2 .. without growth 

s\abstaDC.- was fou ... to be tbe .st fayourabl., 91 ... i89 70.«* 

root initiation with 5.43 root. ift 13.43 days. 

16. Half stnDQ'th of the _ inol'9anic salts, full 

etrenqth of the NB organlc orowth factors, 3.0% sucros. end 

o.~ agar w.re identified a. the .ost fa ... ourabl. 1 ..... 1. 

for the .lD Utg rootlD1j1 of jack .boot culture •• 

17. Pby.iolo;1cal ... of. the explant& exhibit .. 

• 1piflcant lnfluellCe 011 the J.a Dtro shoot Proliferation 

anC! rootin9 of jack. 'lh. r._.,.D8e v.. -xt_ for the 

s • ..slin; explant., follow .. by tlw explant. of fneh .t. 

sprouts fl"O. fl ... e-year old tre... It. drastic reduction was 

apparent 111 the r •• poftlte of the explants fra. fresh st •• 

spr:outs of teD and thirty-year old tr.es and explant. f~ 

.1x-.onth old grafts. 



18. See41tnQ explants regi.tered • .u1t1p11cat1oa 

rat. of 17.4 x at MS ... BA 10.0 ppa ... I1AA 0.2 PUll an4 

demonstrated excellent rootiD; of .~. (100.~)with 6.00 

root. per shoot when treated with 1/2 16 ... IBA/1IItA cOllbl_­

tion 0.4 ... 0.4 pt:a ln 20.15 daya. 1D XiS;U rooting _. 

posslble 1ft a wide r a llge Of auxin treat_llt •• 

19. aYen with .... peated subcultur1Dg • .ultlplicat1oll 

rat •• of 2.lOx, 2.09x and 1.00x only vere obta1DeCl fOr the 

explants frOIB fresh st. sprouts of lO-and JO-year ole! 

tne. an4 for the explallta f..- shoot apicea of 6-.,Dth 014 

grafts, respectively. ~be corresponding percelltage of 

!Il y1tro rootiDg va" 40.0 (with 2.5 roots 1n 24.0 days), 

15.0 (with 1.0 root 1n 46.7 de,.) and 50.0 (with 2.0 roots 

111 20.5 days). 

20. Att •• pts for tl&"ec:t plant lDg out of the moots 

taken fro- the prollferation -.d1u. (pretreatet1 with DA 

solut10ft8) were not auccessful. 

21. Vermiculite was 1dent1fl" aa the best -.db. 

for plantlD9 out the plalltlets, 8upportlnv 55 •• sun1val. 

The pottlng aixture coulstiag of s.nc!I. 8011. coir duet 

(1.1,1 vI") recol't!ed only 40 ••• w:viyal. 

22. 'l'M highest percentage (55.6) of survi.,a 1 of the 

plantlets wa_ ob •• "eI! wbeD tbe ~1aDtlets. Just after root 



initiation, .... r. sejected to OM-...... lt of J.D yitg 

hard.ning at • high li9ht inteneity (3500 lux) at roaa 

temperature. 

23. Microscope COVers wen fouad to be suitebl. 

a. hUJaUity _intenenee 4..,ice" _intainill9 90 to 10<* 

R.B. and supporting 55 •• of plantlet s1.lrYi".l. 

24. spr&ying the planted out plantlH6 with growth 

subatfiftCe. die! not 1!aproye their sUJ."Y1.al. 

25. WMn 1/2 IE ioorqaoic .alt solution •• applied, 

the plant let. re,istered • heigbt of 14.75 ca with eix 

leave., three .ooths .fter planting out. 

26. 'I'he tis.ue cultured pl«ats could be succ ... fully 

tren.ferre4 to garden pots filled with orainary pOtt1Dg 

mixture <sana I soil t cowCltIftCJ 1.1.1 "11/"") .ftC! kept 1n open 

field conaitione for ais IDOIltha. 

27. Callus production w •• obtained from explant. 

of ehooi: epicee, internodal segatnts, leaf seg1leot. aftC! root 

8pice. of fi"'e-yeer old tn •• as well •• from YOUft9 

inflorescence explant. ~f 10 year old tre ••• 

28. axplants froll .hoot apice. were the beat, recol'dlnv 

tbe higb •• t callus production (Callu. Index. 180.0). 



29. The higheat percenta._ of callus initiation 

(100.0) and the best callus index (ex • 180.0) were obtaift~ 

vhen the shoot apices were tr_tec1 with NS + lGA 2.0 PJa + 

kinetin 1.0 ppm. 'fh1s wae .1qnificantly superior to the 

re.t of the treet .. nts involv1ng combinations of auxins 

a net cytoldn1ns. 

30. Att_pte for inducing r8generet:i.on 1n the callus 

vere not succe •• ful. 

31. Atteapt. for inducing C!irec:t 80181ltic orgClft098n •• is 

were DOt succe.sful. 

32. Attempts for induclaq callus mediated sOll8tic 

embryogene~i. were DOt successful. 

33. Cytologic:a 1 exaaination revea led the stability 

of the cucaoaoae au.ber (2n • 56) in the i:)lantlet. -pro8uc:ed. 

J4. Histological studies aellOnstrated the pre.ence 

of thiVl cuticle in the le.v •• of the new plantleta ant!l 

the pre.ence of nor-.l cuticle 1n the ......, lea ••• produced 

by t~ after the 'ha~_:i.nq. 

35. '1''be cost of production of ODe jack plant let , 

including one Dlonth'. M."enlD9 vas vox-ked out to Is.'. 09 .. 



II. 1Iu .... DISa 

1. MIl.8 •• "" •• xplaat. froa .boot apices were 

succe •• fully e.tablisbed ift HS -.diu. 8upple .. nted witb 

BA 0.5 ppa an~ kinetin 0.5 ppm, whicb supported cent Per C~ftt 

survivel and pJ:'OCiuction of ..... lthy growing culture.. In 

tb •• a. medi,., the lateral bua. recorc!e4 73. -' BurYi .. l 

and 26.1" growing culture •• 

2. 'lh. beat .edi_ for indueiD9 .... nced r.l .... 

of iLxillary bud_ end growth of the eul~ure. wal! identified a. liE + SA 0.5 ppa + 1d.Dtttift 0.5 P .. , r.cording 2.75 shoot_ 

per explant with 10.25 1 ••••• , 3.1 em 1000. 

3. Serial subeulturtnq in the Droltferetion _"ila 
(for fi •• ti __ at 4-w .. lt interval) increa.eeS the rat. Of 

.~ multiplication to 2.95x for the explants fro- .boOt 

apices. 

4. Auxins (IM. aJl4 D.A) were found to be not 

beneficial lor the .ultiplication of shoots. 

5. Inclusion of ad.nin •• ulphate in tbe ba.ic 

proliferation -.diu. 4i4 not ~pr09. the shoot Multiplicatian 

rat. and growth of tbe cultures. 

6. 'lhe shoot aultipliaat10a rate •• well •• growtb 

of the culture. (1n tel'llS of the nlaber Of lea v.. produced 



aDd the lel'l9th of the 10llge.t leaf) vere _r'ke~ly reduced 

by reducing the quanti~., of the - iDOr9anic aalts to 

quarter or half .tren;tb. Doubing the a.lt cOfteentra~iOD 

not only di~ not 1I1lpr0ge the lIlultiplleatlon rate, but al.o 

led to poor qrowth of tbe cultur ••• 

7. The rat. of .hoOt MUltiplication .&Dd the qrowth 

of the cultures were not si9nifica ntly alt.red by •• ryinq 

the eucro •• content in the ... .u.wa. 

8. The Ander80n'. lledl .... (.upple.nted vlth BIt. 0.5 ~ ... 
and kinetin 0.5 ppa) we. found to be unfavourable for tbe 

aultiplication aDd growth of the ausaenda shoot culture., 

regist.ring a ltlultlplic8tion rate of 1.5Sx with 3.82 1 ..... 

having 3.66 em length. 

9. 1D. x&tn rootinq of the cultured aus ••• NSa shoot. 

w •• fouDd to be better in 1/2 .. + lBA/lIM CGIIlblnation 

0.4 + 0.4 pom, inducing 60 per c.nt rooting with 7.0 root. 

per cultur. in 37.31 4ey_. 

10. Half streltQth of the MS lnorqc;nic •• It., 3.07' 

.ucro •• ane! 0 •• a~r were i~.lltifie6 a. the lDOat fayourabl. 

1.".1. for the 1D yi," root1ag of _ •• aenda shoot cult_"_. 

11. The Anderson'. rooting -.diWll _8 ob.erv.d to 

be unaultable for the JJl xit" rooting of ••••• 1Ida shoots, 



a. only 2.5 roots per shoot vere initi.ted with 40.0 

per cent root initiatlon. 

?:-f9 

12. Att.-ptfl for the direct planting out of the 

aus •• eDd. shoots token froa the proliferation -.eliUll 

(pretreated wlth 1-' solutlons) vere not r;uccessful. 

13. Att.-pts for planting out the JBU8seenda 

plantlats vere unsuccesf:ful. The limlted IlWDber of weak 

and slender roots , the abundant calluslng obsflrved at th. 

root-sboot Junctlon and the partlal vltharin; ana yellowiftG 

of the shoots by the time the roots were ln1tlattKJ, coulcl 

be ascribed as the poas1ble reason8. 

14. Appreclable quantity of col1us could be prcducec! 

frail .8rioue explant. (sboot aplces, leaf s~nt& aDd 

seg_nts of OY8ry wall) of aWls.erda. OyaJ:Y wall he. been 

l~entifled as the best ti.sue for the Production of call .. , 

recordlD9 a callus lndex value ~ 400.0 at the best treat .. nt. 

15. The MS -.dlu. suppl_nted with ld.netlD/BAA 

coablaatlon 1.0 + 2.0 PPI and 2.0 + 4.0 PPIII was the IIOat 

effectl.e treatment for lnduc11'1Q callusing, rec::ordilll a 

callus index yalue of 400.0 (explant I aeqments of cwary vall). 

16. Atteapts for lnduc1ag dlrect sOIIIltlc 01'9800-

venesl. were not succe.sful. 



17. Shoot N9 ... ratlOD fJ:OIR the callus we. 

ob •• rv~ at • low fnqueacy (33 •• ). At the .oat 

.ffecti.e tr.atment (MS + BA./killetin ccabinatlon 0.5 + 

0.5 ppm), fi •• sboot. per culture were pJ:Oduced. 

18. Root regeDentlOft frca the call"s va. ob.ervec! 

at a frequency of 66.",. At tbe lIloat effectl.e treat_at­

(MS + kinetlnl""" caabiDlltlOll 2.0 + 8.0 PIB), 9.67 root. 

per culture "ere PI'OChlCeCI after 10 day. of culture. 

19. Structures re.ellbllft9 801Mtlc enibryoic1., 

sbowlD9 eiaultaneoue root and "boot de •• lopment, "'ere 

obsen_ in tbe calJ.us aubculturtM! frCllll the eabryold 

inductloD .. dlum. At MS + ~klnetln coabinatlon 0.5 + 

0.5 paa, thes. structure. a .. eloped at a frequency of 26.~ 

after 70 days of culture. 1'1 .. 11y, •• 5 _.11 .boots per 

culture ..,ith tUfts of ain1atur. root. vare d .... l0pe4. 

III. Bnee! fruit 

1. The explal'lt. f..- .hOOt aplces successful",y 

e.tabllshed in _ + SA 10-0 .,.. + GA 1.0 ~ + acti.ateeJ 

charcoal 1.,*, supporting 80.,* 8unl.al and .0.0l' growl .. 

culture •• 

2. Slivht callus pc'OC!uctlon (callus iad. - 60.0) 

va. Ob.erYed ..,hen CKPlants f~ YDUDO lnflore.cenc .. were 
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subJectet! to treat._ w1~h - + 2,t-D/kinetin ccabination 

1.0 + 1.0 ~. 

3. Due to the 'pzooblea of polypbenol interference 

end reduced re.po .. e of the exPlant. tried, the statU_ 

e au ltl not be ccn.t i n1le4!l. 

lV.Pepper 

1. Good callus prochlctiOD was ob.erveCl f .... the 

exPlants of sbOot aplce., recordl., a callue iDdu •• 1_ 

of 300.0, .t the beat treata.nt (MS, aedi ... suppl_nted with 

.,AA 2.0 t>~ and 'klnetin 1.0 pr-). 

2. callus froa the DOdal explants exhlbited IIOre 

r ... nerative capaclty than the calll fl'. other explants. 

At MS + NAA/1t1netin COIIbiDAtlOD 1.0 + 1.0 ppm and .. + II». 

1.0 PJa, 2.33 roots per cultun were fora.d. I'o~tlon of 

rud1llentary sboots, which apPelired as green growlllCJ pointe 

vas observed at MS + kinetin 1.0ppa (0.33 shoot. oar culture) 

antS MS + kinetin 2.0 ppm. (1.0 .boot per culture). 

3. Due to the .yetea1c pn .. nce of bacteria, the 

study couU not be contlmaed. 



Y. 1hltM9 

'Z'OII the aplaDtS of shoot aplces, sl19bt 

call_slav (cell"s lad_ • 40.0) •• obse"ed at .. + 

2,4-t> 1.0 ppa + UDetl" 1.0 Pta + .ctt.-ted cba .. ceal 

1.... Due to the p!'Obl •• Of polypbeDol lnterference, 

the cell" •• 14 DOt 8arY1Ye, trft" .fter aubculturll'11. 
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Research Notes 

IN VITRO ROOTING OF JACK SHOOT CULTURES 

Fresh sprouts from the basal portion of the stem of a five year old jack tree 

were collected. The shoot tips (5 cm) were cut. dipped in 95% ethyl alcohol for 10 

seconds. washed with sterile water containing teepol, washed again with sterile 

water and surface sterilised by keeping in 2.0% sodium hypochlorite solution for 

30 min. Following thorough washing in sterile water, the shoot tips were placed in a 

solution of 2.0% sucrose and 0.7% polyvenyl pyrrolydon (soluble PVP) for 30 min. 

The basal ends were again cut and dipped in a sterile solution containing 

BA 10.0 ppm and GA 1.0 ppm for 24 hours under refrigerated conditions 

(4-5u C). Shoot apices (2 cm length) were cut under low temperature and low 

intensity of light. They were surface sterilised with sodium hypochlorite (3.0% for 

5 min) and mercuric chloride (0.1 ~o for 10 min) solutions. After rinsing with sterile 

water, the sheaths covering the shoot tips were removed and the apices cut back to 

1.5 cm length. They were placed en semisolid MS medium containing GA (1.0 ppm) 

and activated charcoal (1.0,%). The cultures were incubated at 25-30u C in darkness 
for four weeks and then exposed to light for two weeks. They were sub-cultured in 
a medium containing BA and IAA for inducing multiple shoot formation. After the in­
duction, the shoots were separated and sub-cultured in a medium with reduced BA and 
IAA for favouring normal development of shoots. They wer& then transferred to a med­
ium containing activated charcoal(1.0%) and GA (1.0 ppm) and grown for two weeks. 
The cultures were transferred to a modified MS medium (major and minor nutrients 
reduced to half strength) supplemented with ISA 1.6 ppm. NAA 0.4 ppm, sucrose 
3.0%. agar 0.7% and with a pH of 56. The cultures were incubated in darkness at 
25-30u C. Due to the production of slight amounts of phenolics. sub-culturing was 
found to be necessary. Very slight callussing preceded root initiation. Roots were 
seen initiated in about 24 days. On an average, six roots were produced. They 
attained 1.0 cm length in about 20 days. The roots were reddish yellow and cylin­
drical. Just after the initiation of roots. the shoots elongated rc:pidly. 

When shoot apices of two-month old seedlings were used for the study, 

roots were initiated in about 18 days in the same medum with 0.4 ppm ISA and 0.4 

ppm NAA. 

(l\) 0 L (DaD 0 

ClIlDfi'Il!IJOC1Jffin3:1 0 l n..JOCll,iIlO§§ n..JU §oC1J16xmo ClIlD l (f; 1ll~c;,6§o <fuOo.!}dffi 6'l.nJ(QJUcma:UlIn3:I 0 ClIlDm 

C1Jilll iIl6<fu6§6lID00 ~a:(lmm!li~l.oo6<fu(QJ6. ClIlDcmlm 6:liUlln:l1o <na:roo (!l6·ih6§C1JOo <J:C1Jffi61n..Js6rorml61(QJs2, 



Fig 1 In Vitro rootln,! of Jdck shoot culture 





APPUlDlX % 

'1'vo _7 coaapariaon of ~he _8 eal1ua lades .alues of jack .xplan~. 1n reapeD •• 
~o d1fferent, ~iaat1OD. of 9rowth auatane. 

51 •• 0. Explant Co.bi.JIII~ 1 GIl of cal1ue index .81 ... Mea. 9rowtb aUbat81lcea 

1. Shoot apex IDA JtiDetill 1.0 Pta 2.0 PJ8 4.0 ppa 

1.0 ppa 40.0 0 0 13.33 
2.0 ~ 180.0 140.0 0 106.66 
4.0 PI8 40.0 100.0 0 46.66 
8.0 PS- 0 40.0 20.0 20.00 .... 86.66 70.0 5.0 

2. s'boot apex ~ 1.0 ppa 2.0 ppa 4.0 ppa ... , 
1.0 ... eo.O 0 20.0 33.33 
2.0 ppa 140.0 40.0 20.0 66.66 
4.0 ppa 120.0 100.0 20.0 eo.OO 
•• 0 ppa 20.0 20.0 60.0 33.33 .... 90.00 40.00 30.0 

3. Shoot apex 2#4-D 1.0 ppa 2.0 ppa 4.0 P!B 

0.' ppa 20.0 0 20.0 13.33 
0.5 ~ 120.0 40.0 40.0 66 •• 
1.0 p~ 140.0 60.0 20.0 73.33 
2.0 ppa 40.0 0 20.0 20.00 --. 80.00 25.00 25.00 

(Coatd.) 



Appea41x I (Cootd. ) 

Sl.80. &xplaDt CGlBblnatiOD of Callus index .aluee .... 0 
growth BUb.tance. 

4. Internoda 1 ..... _nt: 'kinetin 1.0 ~ 2.0 p~ 4.0 PJa l1Ah 

1.0 ~ 40.0 0 0 13.33 
2.0 ppa 60.0 0 0 20.00 
4.0 p~ 79.e 40.0 0 39.93 
8.0 P}a 0 0 0 0 

..... n '4.95 10.0 0 

5. Internoaal 8419"· MA 1.0 ppa 2.0 ppa 4.0 PPI 

... 
1.0 ~ 40.0 0 0 13.33 ... 
2.0 ppa 60.0 20.0 0 33.33 
4.0 ppa 20.0 20.0 20.0 20.00 
8.0 pp. 79.8 0 0 26.60 .... 49.95 10.00 5.00 

6. Internodal .~Dt 2,4-1> 1.0 p~ 2.0 pf3D 4.0 ~ 

0.1 ~ 0 20.0 0 6.66 
0.5 ppm 60.0 20.0 20.0 33.33 
1.0 ppa 79.8 20.0 0 33.27 
2.0 ppa 0 '0.0 0 13.33 

MeeD 34.95 25.0 5.0 

(Contd.) / 
I 



Appendix 1 (CODtd.) 

Sl.Ro. bplaDt CcablD8tiOill of call •• index 'lFal" •• .... D. 
9rowth .ust.ftC .. 

7. Root tip 'kinetin 1.0 Pta 2.0 Pta 4.0 pcra RAA 

1.0 PJa 80.0 20.0 0 13.33 
2.0 ~ 79.8 40.0 0 39.93 
4.0 J)Ja 79.8 20.0 0 33.27 
8.0 P.- O 20.0 60.0 33.33 

.... n 59.9 33.33 15.0 

8. Root tip 2#4-D 1.0 pall 2.0 ~ 4.0 p~ 
.... 

0.1 ~ 20.0 0 20.0 20.0 I: 
0.5 .... 0 40.0 0 13.33 
1.0 Pta 79 •• 79.8 20.0 59.87 
2.0 ppa 100.0 20.0 0 40.0 

MeaD 49.95 ".95 10.0 

9. Shoot apes 2#4-D kiftetift o p,. 1.0 ppm 2.0 ppa 

0.1 PIa 0 0 0 0 
0.5 p.s- 0 100.0 0 33.3 
1.0 PJW 33.3 16,11.0 167.0 122.43 
2.0 ~ 33.3 0 0 11.1-

.... D. 16.7 66.15 41."11 

/ 
I 

/ 
I 

! 
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APPUDlX II 

Analy.is of Yerian.. for diff.rent characters 

Treatment/character Heans square. 

'l"reat __ Error 
• 

1 Z J 

I. Jack 
A. Bnbanced r.l.... of axillarr buds 
1. COIIbiaatioDII of BA/aA 

a. IhlIIber of shoot. Z6.9'" 1.50 ** 
b. Ihmb.r of fairly eloavat .. shoots ....7Z 0.59 ** 

Z. Ser1al .ubculturing 1n .RC 

a. aumber of sboota 3 .... 7 1.Z9 * 
3. BA, Unet1D, BA./ltinetiD 

•• .umb.r of shoots 18.60 1.32 .* 
b. Length of th. lonq.st sboot 1.16 0.08 ** 
c. Length of the lODIjJ.st leaf 1.96 0.02 ** 

.... Menine 

a. Humber of shoOts .... 8.& 1.10 ** 
b.. Length of the 10ll9 •• t shoot 0.31 0.0'" ** 
c. Len;th of the lcm; •• t leaf 1.80 0.09 ** 

5. Ad.n1ne sulphate 

e. Number of • hoots 7.Z'" 0.71 ** 
t>. Length of the long.st shoot 0.86 0.05 ** 
c. Length of the longe.t l .. f 1.62 0.11 ** 

6. ca •• 1n hydrolysate 

a. .\&ber of shoOt. 4.86 0.75 ** 
b. Len;th of the longe.t shoot 1.68 0.1'" ** 
c:. Length of the lODQ •• t leef .... 61 0.2'" ** 

7. G'-3 
e. BWlber of shoot. 0.53 0.70 lIS 

b. I.tenqth of the longe.t shoot 0.38 0."'0 1m 

c. Length of the lODQ'e.t 1 ... 0.90 0.24 .. 

(Contd.) 
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AppelM!1x II (Coatd .) 

1 3 

I. :u.A., lIAA, ~ 
a. .Ullber of shoot. 0.56 1.13 E 

b. Length of the lon; •• t shoot 0.30 0.08 ... 

c. Length of the long •• t l.af 0.30 0.07*· 

9. NS iDC)r9anic salts 
a. .\BIb.r of sboOts 11.27 0.50 •• 

b. LeDlilth of the 1 0Il9. st shoot 1.86 0.11 •• 

c. Length of the lODCJ •• t leaf 3.14 0.29 ... 

10. E organic: factors 
a. .\aber of shoots 8.l0 0.45 ... 

h. LeD9th of the long •• t s~ 1.32 0.26 • 
c. LeDgth of the l0ft9 •• t l.af 0.44 0.29 .. 

11. Sucros. 
a. Rwaber of shoots 5.40 0.35 ** 
b LeWJth of the long.st shoot 1.70 0.21 ... 

c. Length of the lOD9.st le.f 1.82 0.19 ... 

12. Glucos. 
a. RaabeI' of shoot a 3.40 0.60 *. 
h. LeDtJth of the l0ft9.st sboot 0.47 0.14 • 
c. Length of the 10D9 •• t l •• f 0.53 0.15 • 

B. Shoot elongation 
1. IAA/BA, JlAA/BA 

a. .Wllber of shoot. 1.92 0.15 ** 
b. LeftQth of the longest shoot 0.63 0.05 * .. 
c. X.enqth of the lonq •• t leaf 0.81 0.08 ** 

(Contd. ) 
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Appendix II (CofttCl. ) 

-
II • 

A. 
1. 

2. 

J. 

4. 

5. 

1 

Mu •••• Dl1a 

.... DCed r.lea •• of axl1lal"Y bud. 
Coabinatloft8 of BA{klaetln 
a. ltWlber of .boots 

b. WU1Iber of leave. 
c. Length of the long.at l .. f 

IAA, JIAA 

a. ltwIber of shoot. 

b. .Wlber of 1 ..... 

c. Length of the 10ll9 •• t l.af 

Ad.n1n. sulPhate 
a. .WIIb.r of shoote 
b. BUaber of 1 ••••• 

c. Lenqth of the lonq.st l •• f 
MS Il'1Orqanic aalte 

a. Humber of .hoot. 

b. HUmb.r of l .. ve. 
c. LeDOth of the long. at leaf 
Sucro •• 
a. RwIb.r of shoot. 
b. Bumber of l.av •• 

c. LeDiJth of the lon; •• t l_f 

* Significant at 5~ 1 ••• 1 
** Significant at 1" le •• 1 
lIS Not .14nlflcant 

2 

1.19 0.56 NS 
21.91 6.12 * 

1.58 0.21 ** 

0.15 0.80 lCS 
11.14 1.14 as 
0.18 0.24 lIS 

0.16 1 .. 18 as 
11.60 14.4' lIS 
0.11 0.22 • 

2.20 0.65 * 
17.81 1.20 *". 
4.45 0.28 ** 

1.65 1.35 _ 

12.41 11.30 • 
0.48 0.20 lIS 



APP.aDIX III 

Two _y ~parl.oD. of the _n Callu IDdex yalu •• of _.sa.nSa expla at8 ill 
reeponH to 41fferent ~iJl8tlon8 of 9r~h eubatancee 

51.80. Bxplant Caabinatlon of callus Index Yalu •• Mean growth 8ubetance. 

1. Shoot apex kinetln IIAA 1.0 ppa 2.0 ppa 4.0 pJIl\ 8.0 p.-

1.0 ~ 33.3 367.0 33.3 66.7 125.08 
2.0 Pt:a 0 233.0 133.0 167.0 133.25 
4.0 ~ 66.7 100.0 267.0 267.0 175.18 
MeaD 33.33 233.33 144.43 166.90 

2. Shoot aPeX BA- 1.0 p~ 2.0 ~ 4.0 ~ 8.0 Ps-

1.0 PIa 33.3 167.S 0 61.6 66.93 ... 
2.0 ~ 0 2'3.0 66.1 166.8 116.63 .. 
4.0 ppII 0 0 167.0 233.0 100.00 

.. ... 11.10 133.60 17.90 155.41 

3. Shoot apex 
SA 

1.0 ppa 2.0 ~ 4.0 ppa 8.0 ~ 

1.0 PI28 33.3 100.0 100.0 133.0 91.65 
2.0 pta 33.3 66.7 100.0 161.0 91.15 
4.0 p.- 100.0 0 133.0 100.0 83.75 
.. an 55.53 55.53 111.00 133.33 

(CODtCt.) 



Appelldi. III (COIltt5.) 

81.80. Explant COlibination of Callus lDi!ex Yalu .. ..an 9rowtb Sw.teftCe8 

4. Leaf segment ki_tin IIAA 1.0 ~ 2.0 pta 4.0 PPIl 8.0 p~ 

1.0 Pta 66.7 200.0 33.3 0 15.00 
2.0 Pta 33.3 167.0 133.0 200.0 133.33 
j..0 22! 100.0 66.7 267.0 200.0 158.43 
.. an 46.63 144.57 144.43 133.33 

5. Sev-nt. of kinetill 1.0 p~ 2.0 ppm 4.0 PPIl 8.0 ~ 
(Jf(1sry vall 

1.0 ppa 100.0 400.0 66.7 100.0 166.68 
2.0 PIB 33.3 300.0 400.0 167.0 22S.08 
4.0 2E! 66.7 200.0 261.0 133.0 166.6. ~ 
Nean 66.67 300.0 244.57 133.33 ... ... 

6. Shoot apex. 
2*4-1> 

kinetin o pp. 1.0 PIIB 2.0 P~ 4.0 ppa 

0.1 Ps- 66.7 66.7 100.0 66.1 7S.03 
O.S Pta 100.0 100.0 33.3 0 58.33 
1.0 ppa 33.3 200.1 167.0 100.0 125.03 a.S} DIlIIl 0 367.0 166.8 100.0 158.45 

Nean so.o 183.45 116.78 66.68 . 

7. Leaf •• __ nt 
Z.4:P 

kinetin o J)l.'IIl 1.0 .P~ 2.0 PPII 4.0 Ps-

0.1 PJ;8 100.0 66.7 100.0 33.3 75.00 
0.5 Pta 66.7 66.7 66.7 33.3 58.35 
1.0 ~ 66.7 223.0 100.0 33.3 108.25 
2.0 ~ 33.3 166.S 133.0 166.8 124.9. 
Mea. 66.67 133.3 99.93 66'~ 
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Att_pta were _<3. 1n the Plant '1'i •• _ Culture 

Laboratory of the College of Horticulture, durin9 1981-85 

to standard i.e tisaue culture techniquas for the proP8.qation 

of .cme of the taport8nt borticultur~l crops of Karela. 

sxplants f~ sboot apice. of fresh stem sprouts 

of fi"e-year old Jac::k '¥toc;vPN hGlromxllUi La •• ) tntes 

regiatered • .ultipllcatioD rat. of 4.5 x when cultur~ for 

fi •• ".eka anc1 produced ,. rootill9 (in 13.43 tlays) with 

5.43 roots per shoot. The .. -.51 .. supt;Jle.nted with GA 

1.0 PID and activated cbal'Coal 1.~ vas ie!efttlfied •• 

sultable for culture e.tablialuaent, aup:oorting the 8"rYift 1 

and initial 9rowth of the e.Dlanta. aenayl adenine 5.0 ppa 

wa. foune! to be the opt1aua cyto1d.n1n ley81 for the 

production of falrly aloDQ.ted auU:iple shoota and HAA 

0.2 PlD was identified •• the opt1llwa auxin le..,el for 

supportiD9 the growth of the cu.lt ... s. The normal strength 

of the 1l\orven1c salte aDd OZ'9anic 9..-ovth factors of the 

MS llediwa, with 3 - 4" eucC'O.e or 2 - • gluco.e va. fOUD&! 

to sUPpOrt the aultiplication .Dd gro.fth of Jack .boot 

culture.. GAl dld not infl .... oe the sboot proliferation 

or growth. Menine sulphate at 20 p;:a was found to increa •• 



the IlUltlpllcatioa rat.. by 27 •• , withoUt affeetiD9 the 

9rowth of the cult..... Adenine a8 "ell aa caaein 

hydrolyaate were foad to b. not beneflcial. The Andereon' • 

• eli. wea foUD! to be u.uitable to eupport the proliferation 

and qrowth of jack .hoot culture.. 8erlal subculturiD9 for 

10 tl.a at "-" •• le lnte .... al "aa found to increaae the 

lD\lltiplicatioa rate to 1.19x. The MS .. diwa supple_at'" 

with 8A 2.0 Ptn, :wAA 0.2 p. and lnsoluble P'lP 500 p~ __ 

found to be suitable tOI' .hoot eloaqat1on. Half stren.qth 

of the lIS lOOE'genlc aalta, full strenqth of the MS or9o nlc 

factors, ... \lcc-oa. aD! 0 •• aflar were fount'! to be the opt111W1 

for the ill yj.tro rootirag of jacle ahoot cultures. When planted 

out, the plant let I! vere obse"~ to haft 55.~ Bury1val. 

callu.a pro(Juctlon wall _de possibl. fram explant. 

of shoot aplce., intemodal seg_Dts, leaf segments and root 

aplces. Bfforts to lnduce r __ -differentiation in the callu., 

direct or9snogefteeie and direct/callue medioted lIomatic 

embryogeaeale w.re not succeestul. 

Shoot aPlc •• fram the se."linq. regb;tered a Iilulti­

plication rc::te Of 17.4x. In thi. CBse, tM percentaCJe of 

rootinq was 100, with 6.0 roots formed in 20." days. 

Bxplants from frel!h stem sprouts of ten-year old and 

thirty-year old tn •• recorded .. shoot multiplication rate 



of 2.8 and 2.09, napeatl.e1, In flYe v •• lta. In the 

f oZ"mer, the root ift9 perceatag8 va s 40 vi t h 2.5 root. 

produced in 24 aays, after 2-3 subcultur.s. In the latter, 

there was 15" rootiDQ vitb 2.0 roots for--' in 46.7 d6,.., 

after 2-3 subcultures. axPlants frona alx-JIOfttb old Jack 

grafts failed to prOduce IIUltipl. shoots and exh1bitec' S~ 

rootlng vith 2.0 r~s foJ:aed in 20.5 days. Cytoloqical 

examination reVealed the stability of chromosome number in 

the plantlets. Anato.1cal studies re" •• led the 'Presence of 

thin cutlcle in the leay •• of the younq plafttleta. 

!"he procedure for the ill :I'\m clonal proP8gatiOD 

of jack through the enhanced relea •• of axillary buds 

lnYolv.a agitating the surfcce sterilised shoot apices 1ft a 

solution of O.~ 1nsoluble pvp + ~ sucroee for 30-45 

JI1nutes and 1ce.~1D9 t~ in sterile water at 4_SoC for 24 

hours follow*' by disinfection (~ sodi_ hypochlorite 

solution for 5 .inutes al'ld 0.1" _rcurlc chlorid. solution 

for 10 _lnute.) and culture in the e.ta~li8bment .. diu. 

(Ms + (JA 1.0 PPIIl + actiyated charcoal 1.~) ln clarknes. for 

four .eb with repeated eubc:ulturlnq. The culture. ".re 

then exposed to light for two " .. ks, after wbicb the qrowift9 

.boot apic •• were transferred to tbe orollf.ration .. diu. 

u.s + SA 5.0 ppm + IIAA 0.2 Pta + adenine sul~bl!ate 20 ppa + 

insoluble pvp 500 ppm). Shoots frena the proliferation 



-.diu. were tnndelTed .fter fl •• weeu to aD elongation 

mediua (MS + SA 2.0 ppa + IU\A 0.2 ~r- + insoluble PflP 

500 ppm). The shoots were then cultured on HS .. d1_ 

conta1n1DQ actlftttd charcoal 1.~ for two weeks. Por the 

i.D D,tro root inc!uctioD, the shoots were ,'Cultured in 

darlene •• 1n 1/2 MS + 1M 2.0 ppa ... NI\A 2.0 p~ + sucro.e 

3~ + agar O.6~ (for , da,.) .nd then transferred to 1/2 MS 

vithout growth subatances for root elongation. 

Just afte the appearance of the roots, the plantlets 

vere hardeneCi by exposure to blgh 11ght intensity (3500 lux) 

for one week. Tbe pl.atlets weI'. then transferred to 

veJ:1fticullte ..cliua, UDder high relatiVe hua1d1ty (90-10<*> 

provided by microscope coYer.. !'he plants vere wetered 

with a solution of the Ie iDorqanic salt. at half strenoth. 

After another grad_l bal'CSening process and a. new leavea 

were produced, tbe plantlet. were transferred to varden 

pots and kept in the OpeD field conditions. The cost of 

prOduction of one Jack pl.ntln, including one month', 

hardening WIlS worked oat to 11.9.09 

Explants of _ •••• ntI. (!'MI •• end! erxtbEopbyll,a 

Scbum. & Thenn.) were .ffeati •• iy surface sterilised by 

treating ~1th O.l~ .. rcuric chloride solution for 15 minutes. 

The suit< ble culture e.tabllahaent. med1 \l1li wae identified a. 



lIS + SA 0.5 Pt:a + k1aetla O.5ppa. A .boot _ltiplicetiOD 

rate of 2.71x was reali.ed in a Period of four ve.ka Oft 

JCS .. (!i.wa supt)le8eated vith SA 0.5 ppa aM kinetin 0.5 t)Ia. 

Subculturing vas fouad to increa.e the multiplication 

rate to 2.95x. 'ull etreagth of the MIS inor;anic .alt. 

va. foun! to support the proliferation and growth of 

.u •••• Dda shoot cult...... Adenine sulphot.# aux1ns and 

Anderson.'s .. cU_ ".re fo\tDd to be not: benefici.l. 'the .hoots 

w.re .. c!e to root on lIS "'i\1ll containing balf stren;th 

of the inorganic salts aftC! full strength of the ol:9anic 

growth factor!;, J,. ."ICCOIIe, 0.6" .gar, 0.4 ppa lSA and 

0.4 PPII IIAA, under dark COIldltioas in 37 ~ays. Andereon'. 

root1ft9 Jaediua vas found to be inefficient for the in x1tro 

rootiD9 of alUs.aenc5a shoot: cultures. Att •• pts for plantinQ 

out vere not successful, probably due to the low nUlBber 

of roots (vh1ch were weak and slender), the de.elOpient of 

callus at the root-shoot junction and the partial witbariDIjJ 

and y.llowl~~ of the shoots by the ti.e the r~8 w.re 

in1ticted. Attempts for the direct plantiD9 out of the 

shoots pretreated with IDA. solution vere not successful. 

Seglllents of attary "all v.. identified •• the best 

source of explant for callu production, r4l9istering a 

callus index value of 400, .t the best treat.ent (NAA! 

kinetin cOBbiaationa 2.0 + 1.0 p~ and 4.0 + 2.0 ppa). 



Shoot X'*!JeneretiCJD IX'. the call_ occ:urr~ at a frequellCY 

of 31.~ on MS --'iwa •• ppl_nted with SA 2.0 p~ or BA/ 

kinetin caabinatioDa 0.1 + 0.5 PPII and 0.5 ... 0.1 Dpa. Root 

reqeneratioa vas ••• ned at • frequency of 66. '" with 11.11 

roots ~r culture on lIS aedi. conteinin9 'klnet1zVMA 

ca.binetion 2.0 + 8.0 ppm after 60 days' culture. Atte~. 

for direct organogenesis veX'e not succe.sful. 

Globular structure. res.-bl1nv 8~t1c embryoid. 

b .... 1D9 s!multa_ous root and abloc* d ..... lopment weI'. obs.rvec5 

wh.n the callus from the induction .-diwa (HS + 2,4-D 

2.0 PPM + kinetin 1.0 PPI') va. transferred to HS &Mdt,. 

containiO; BA/kinetin combinations 0.5 + 0.5 opm or 1.0 + 

0.5 Pt:la after 70 to 73 days' culture. About 4.5 shoots with 

a tuft of ain1ature roots were formed per culture, at the 

best treat_At. Att_pta for inducing direct e~tic 

embryogenesis were not successful. 

Prel~nary studi •• on culture establishment were 

_de for breadfruit (ArtOQlCB' 'ltil1' I..) .ad nutMC) 

qs,rlstlp! lEoqrlP. Routt.). Slight callus production vas 

_d. possible in both the ••••• PreliJdnary studi ... on 

s~t1c org6ftogen •• 1s were _<1. in the cas. of pepper (PiRIE' 

algr. I..). callus production and red1ff.rentiat1on weI'. 

observed. 
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