
PROPAGATION STUDIES IN NUTMEG 

BY 

K. LILA MATHE1M 

THESIS 

Submitted in partial fulfilment of the 

requirement for the degree of 

:master of ~tience in ~orticulturt 
Faculty of Agriculture 

Kerala Agricultural University 

Department of 

Horticulture (Pomology & Floriculture and Landscaping 

COLLEGE OF HORTICULTURE 

Vellanikkara, Trichur. 

1979 



DEOLARATION 

I bar.by deol.are tbat ~ thIId. ent1Ue4 \ ~-\ 
,- ,,/ 

« v 

Propagation studJ. •• 11'1 Nutae." is a bonafide reoord 

ot rea.arah \lork dona bl' me during the oourse of V 
\ 

re •• aroh and t.he thesis has DOt pr8'Yloualy- formed 

the basie tor the award to - of SIl1' desree. d1ploma, 

aaeoo1atesh1p, tellowship or other aim1lar t1tle, 

Vell.an1klt&ra, 
,I -12-1979. 

,..----.. 
cj./e/ 

(LILA MATlIEW ,K.) 



Ob.lRTIl'IOATE 

Oertif1ed tn~ \btl ~.1. 18 a reoord 

of raaearoh work done ln4epenclent1.v by 

toraed 1ibe baai. tor 'the award ot &D.1 deF8e. 

tellowsh1p or &8soo1atellhlp to her. 

Vellan1kkara, 
j) -12-1979. 

~,--- ,// 

. '/ ,~I/"' ",\1 

V • i{. DAMODARAN, 
Professor of Hort1oul tu.re , 
Ool18ge of Hort1culture. 



OERfI1IOAXE 

We, the und.r.l .... t t Mmbere of the advlsory 

oommittee of Kulia.rl. LUa Math.w, K. a oandidat. for 

the dell"8. of Masier of So18DOe in Hortloul'ture w1th 

"Propasa~ion Siudl •• in IUtmeB" may be submitted by 

KuJla.rl. Lila Mathew, 1:. 1a part.laJ. tu.l1'llment of the 

requ.1rel1ent.s tor the de,.8. 

// 
~/ 

(Prof. V.K. DAMO.DARAN) , 
Advisor an4 Chairman. 



AOKNOWLEDGEMENt 

It gi"se me 1mmeue pleasure to reoord WfI d •• p 

aense ot gratitude and sinoere th8l'l.ks to 3hri. V • tC. Da.dar8.1'1 , 

Chairman. ot the AdYlsory Committee and Professor ot 

Hortio1.1l.ture, for the invaluable guicl8lloe, keen interest. 

and oonst.ant enoouragement. offered during the oourse ot 

these in".stlg&tlons and the help rendered 1n the 

preparatIon of the thesis. 

I avail myself ot 'this opportunity to place on 

reoord ay grateful. thanks to Dr. P.O. Slvaraaan !fair, 

Assooiate Dean, Oollege ot Hortioulture, Dr.K•M.N.lfambooib.1ri, 

Professor of Botany, 3br!. P.If. Prabha.k;a.r8ll, Assooiate 

Professor of Stat1st108, members of the Advisory Oommittee 

tor their valuable ad,,,loe and enoouraaements. 

The author wishee to express her gratetulne88 

to Dr. V.A.. Sasldhar, AS8oo1a:te Professor, Instruotional 

Farm, Mannutb.y and to the Superintendent, Distriot. 

Agrioultural Farm, 1-1annuthy tor the tao 111 t1es provided 

for tne sucoessfUl oomplet10n ot tnese investigations. 

The help reoeived fro. Shr1. P.G. Jose, 

Assooiate Professor, Banana R ... arGh Stat10n, Kannara 



and Shri. KoabJ Peter, JWl10r Agrioultural Offioer, 

Distriot Agroioultural .P8Z"JI. Marmuthy are gratefu.l17 

acknowledged. 

S !noaH thanks are due to all JlJ3 friends 

for their .kind help a" yapioua stages. 

Than.ks are a.l.ao due to the Karala Agrioultural 

University for grrant1ng _ Junior Fellowship and for 

granting me lea.ve for undergoing the post-graduate 

oourse. 

V81~1kkarat 
~ I -12-1979. 

( LILA MATHEW. K. ) 



OO)fX.llIXS 

Page 10. 

I. IURODUOfIOI' 1 - 6 

II. REVU;W OF LlflUlAfUU 7 - 41 

Ill. MAX.l:i;.aIALS A.J1) MlXHODS 42 - 54 

IY. .R.tISULTS 55 - 88 

V. llISOUSSIOlf 89 - 100 

VI. SUMMARY 101 - 102 

.aE'&R.i:INOES 

APP.c;Nl)IOES 

ABaXRAOX 



1 • Mean pero_Up of pn1Ila'lon aIl4 t.ba nuaber 
ot days t.aull tor lIftlJ.nai1oa clv1ag d1fterent. 
IIOn1iba • 

2. Meaa peraeatap of pra1Jlat.loa Wtder dIffereD.' 
.. thod8 of awrap and 'Ule aUllber of 4&7a t.aken 
tor serm1natlon. 

3. Mean peroentap of pn1Ila'1on under d1fterent. 
oonoent.rat,iona tor 41fterent. perlod ot soaking. 

4. lfu.mber of clays taken tor prm1a&:t.loll under 
d1fterent. oonoen~t.lo.. tor dlfterent periods 
ot aoaJtina. 

5(a). aeight, girth ot \he a_a 8I1d Il'Q.IDber of le ..... a ot 
.. edlinga on. the ~\b. d&7 of traaaplant1D&. 

5(b). Heigtlt., gJ.r\h of '\he at.ea 8I1d llWIl})er ot leawa of 
aeedling. on 'the 60th day of V8D8planting. 

6(&) Efteot of d1fterent. oo.enu-&tlona of gibberellic 
so!d on the help' of t.b.e ••• dl1ngs, 30 and 60 
4al. of '\ranaplant.1aa. 

6(b) Etteot of 41fterea\ OOJlOeava"10I18 of glbbeN1l10 
sold OD. the g1r~ of '\he 8'\ea, 30 an4 60 daye of 
v8Ilep181'1"1l'lg. 

6(0) Etf'eot ot different. ooaoenvat.lona ot gibbers1110 
acld on the n.UIl_r of 1eaft. of \he ••• cl11np, 
:50 and 60 da18 of V8D8plan'1DI. 

7. Peroentage au,oo ••• of J.Darah grafting obt.a1ne4 
111 cllff.rent. JIOl1tha. 

8. Oomparatl'f8 grov\h p __ tera of suoo ••• tul 
1naroh eratt.8 as ooapan4 ~ 'the ... dllnp. 



9. leroen.p 8llOoe.. of alde-grafta 0 bta1ned 
during 41t>t.ren\ .,1l'\b8. 

10. aollparatlve grotRh par_tara ot auooea.tu.l 
aide -grat". .. OOapare4 1.0 "be •• edlings. 

11. Peroellta.ge 81100 ••• of ... ne.r gratw obta1ll.a 
dl11"ing 41ft.ran" aonihl. 

12. Ooapara tift growth par __ re 0 t auoo ••• 1Ul 
ftll8er grat"'ta .8 ooaparecl 1.0 the .eedlings. 

13. The peN.atap ...... 111 wedge grafting. 

14. Oomparat!ve sro~ par_ters ot euooeastul 
wedge grana .. ooapa.red to the ... dlinp. 



-

1.a. 

1.b. 

1.0. 

1.d. 

1. 

2. 

4. 

6. 

7. 

8. 

9. 

10. 

11. 

Slcle Bratting. 

VeMer grafting. 

Wedge sratt1n8. 

PoruM _~od of bu.dd,1ng. 

Me&ll peroell.tap ot pra1D.atioJl and l'l.Uaber of ....,.. 
taUn tor germination und.r dlfterent _ntbe of 
aovJ.nc. 

Meaa pero.niage of gera1Dat1on and l'llI1Iber ot 4.,. 
'taU1l tor germination u.n4er different .tor .. 
oonAlt!o ... 

P.ro.nt .... ot germJ.nat1oa and tl'l8 auaber ot cIa.re 
iaJraa tor pra1natloa _ur dlftennt oollO_vatlo_ 
ot GA. tor 41fterent per104a ot aoakinc_ 

Rel,.t ot 'the M.dl1naa oa 30th 8D4 60\b 4&18 ot 
v.aplaat.1ng • 

G1rt.b ot the •• edlings 011 30th and 60th eta,. ot 
V8uplant1Di • 

JrwUer ot leaves pro dUM 4 Oll 30th an.4 60'tb d.,.. 
ot vauplant1ng. 

Ett •• t of different oo.entrat.lona ot &1ltllerelll0 
8014 0. '\he belgbt ot the ••• dl1.np. 30th -.4 
60ill 4a78 atter trauplaJlt1ng. 

Btte.t ot dlfterent oollMatrat1one ot gibberelll0 
&Old Oft. the g1r1ib. ot the .tem. '0 and 60 da,.. 
after v..plarltlq. 

Etteot, ·ot d1fterent oonoen'iratlona ot gibberelll0 
8014 on the IlWIlber ot leaves ot the .eedlings, 30 
an4 60 days after tn;u,lan:tlq. 

Peroentage ot auooe •• 1I'l ditterent _thode ot 
aratt1ns. 
the peroentage suoo ... 1n wedp-graftlag. 

j 
J 

j 
j 

j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 
j 

j 
j 
j 
j 

j 
j 
j 

j 
j 

j 
j 
j 

j 
j 
j 
j 

j 
j 

j 
j 
j 
j 



INTRODUCTION 



llut_g. KJryt,iM tnwruna Routt 18 _ 1.JIportant 

tr38 ap1oebelongja. to \bI taaJ.17 MJT1eUoao.... It 

18 a nat! .. ot Molueoae. laet 1J:l4i •• and 1e llOW grown 

in a number ot tropioal ooWlvl •• o~ the world. The 

total area under th1s orop in IIlcl1a 18 estimated to 

1 

De 262 heotares, pro4_J.aa 1SO tone of nutmeg and 14 

wna ot maoe while the aamaal world produotlon ot nu't1lel 

is about. 7000 tonne. _4 1000 tonnes ot maca, sixty 

pel" oent of which 1s pro4u .. 4 in IndoneSia. 

The ou.l.tl'Y&tion ot this orop in In41a, is mauly 

oonfined to the Sou.\b.8l"ll S'ta'tea ot lCerala (1'34 ha) and 

in Oourtallaa - Burl1ar "Iioll in 'ram!l Nadu. In Kerala, 

1t 18 1I08tl, snwn in • .u rmatMars 1n hoM-s'Wads 

in the distr10ts ot ErnaJml._. Irottayall and TriGb.ur. 

In T8Il11 lfadu, it 18 0I11t.1,..\84 111 the hilly reglo118 

of Kan.JUumarl, T1l'wlel .... 11 8114 lfUprl distriot.s. 

It is estaated that. aearl,r 14.500 Vee. are in 

bearing stage at pr .... t 1a the oOlUltry. though large 

80ale planting baa been 1r11tlat.e4 only during the 

last ., to 4 years in -view ot inorease4 return obte.1ned 



trOll th.1s orop. The antlre quant1 tl produCed in 

IncUa is oo!l8W118d looally and 1 t !s estimated that 

India imports about 40 tonne. at nutmeg and maoe 

annually. But tbe reoent reports showd that, Ind!a 

exported small quant1tles ot maoe to other oountr!es. 

Msriat10a trAlr'nl ylelds two produots at 

oOllllllerolal value. llU~1 and maoe. The nutmeg of 

oommerce 1s the ovo Id kernel 1It.lloh i8 ha-rd and brown, 

oO'Yered with a t.h1n "1t"1. ablll. Surrounding th1a 

shell 18 the axil, ao .. let in oolour - which 18 the 

maoe of oommeroe. 

}4.aoe 1s used aa a oulinary apioe, largely as 

a flavour1ng agent. It oonta1na '\he volatile 011, 

ttmao1ne". It 1s uaed for flavour-mloigarettes and 

for ohewing to oounteraot. loU breath ("osengarten. 

197' and Lewis aad Lev1a 1917). Medloinally. nutmeg 

acta a. a stlmulant ,oa.ra1D.atl ... 3Ild aatr1n.gent. 

2 

It 18 uaed in tonioa ana eleotur1ana and torms a 

00nat1tuen" ot prepara"lo!UI pre.oribed for 4lsentry. 

flatulenos, malaria. rheuatlam and early stages at 

leprosy_ Its use as an abortlf'lo1ent ls a.lso reported. 
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An esaent.lal oU 1a ext.raot.e4 from n.ut_g. 

It. oontains 25 to 40 per oeat. of fiDel 011 known as 

0111111 Hp=i.t.iQU .l1li".... me aromat10 oU haa 

butter-like 0011818"411107 _4 1s orange in oolour. It 

oontains 73 per oent. trJ.arr1a'tt1n, 12.5 per oent 

volat1le 011 and '.5 par oent fat of WoeriA. oleate 

and linef4ate. The essential 011 18 uee4 for 

flavouring oookies, oaJtas ew. and 1n medloines. 

N\1tmeg butter is used 111 ~ manutao"ure of aoente4 

oils, perfuJaee and as tlavourJ.raa &pnt in cooking 

and oOllteot1ona.r1. b wlat1le oU 1roll the leat 

has weedlo1dttl. proper"I ••• 1t ., also be u .. d in 

dentlt1oes, ohev1llg sua eto. (!han and l{r1sbnasWUlT, 

195'). The neahy perloarp at the fruit is used tor 

piokles and jel11 (Abr8ball, 1957). 

Nutmeg 18 a diG.oloWl or oooasionally 

JDOuoeoloua, nergreen &roIl&UO tree, uaually 10 - 20 

meteGllJ high. The tree 00_. to bear-JAg 'Ill thin 6 to 

8 years ot planting an4 tlw tru.lta a.t"8 ready far 

ha.rvest in about nine IIOnths atter flowering. On aa 

avera21J. a €pod tree 11814s about. 1000 fruits per year. 

though the ylelds may vary f'rom 100 - 10,OOO.(Nair.1978). 



Tho\l8h the orop 18 aft1lab1e throughout the year, t.be 

peak harVesting periods an "tween Maroh - April an4 

August - September. 

The main problaa 111 au .. g oulUvatlon 18 ita 

propagation. ft1e ex18tiq Ve •• are almoet entirely 

raised :trom .. eu anA the.. pre.ent vide variatloa in 

pro4uotl'Ylty and other eooaoJl1o oharaowrs. Another 

IBjor problem is wlth reprcl 10 the eex ot the tree 

whlah Oamlot be determ1necl _10" tlle tree flowers in 

4 - 8 1'EIars t1Jle. this _au 'that. the unproduotive 

male trees have to be ret.a1:r1e4 and a1tltained at 

considerable expense t111 the 'tree floweree A nuaber 

of worlatr8 have stud1ecl the .. pJlOltl_. llut have not 

3Ucoeeded in finding out a .ethod ot Identlf1oatloa 

ot male ohioka in early stap (Jaue, 1898. D1en\UJl, 

194' and Guntner, 1960). 

tUoholaa and Pry-de (1958) after revlew!n& 

the 1i terat.ure on the subjeot. .... to tbe oono1uaion 

that temal.e 8.1'14 male tre •• vaN produced approximately 

in equal numbers. Flaoh (19~) has stated that 

apparently there were two 41tf8l"eD.t. _.s, tirat a 

4 



temale only tlower1n& .. x and aeoondly. a male 

fiower1ng S8X. The latt.er oan be subdivided into 

four different groups, aa -.le, biaexu.al. males, 

biaelQlals and biaexual teMl ••• 

The possib1lit1 of de'terminatiOn of sex at. 

the seedling stage l:NuIe4 OIl ftget,atl •• ohar-soter. 

has been reported 1»1 aneral worlsBra 1& the paat. 

Prestia, 18S1~ anA J ... , 1898 have reported 'tha" 
the 88X ot t.he plant a't _Alia" 8~ oaa ... 

identIfied baaed on the leaf fora aJId venation. 

Phad~1a zd Oho\adAari (1911) haY. ola1aed 'that the 

aex oan be deter:n1ned fro- '\he aolour ot 'the leaf 

.xtrsot. Nair D.al. ('971) h._ auggeswd that 

the shape of t.ne oaJ.oiUll ozalaw Or1'8tals in the 

leaf epidermis oan belp 1rl the 14811:tifloation of 

sex in nutmeg aeedlin8l. 

Flach and Oru1okabMt (1969) suggested tbat 

oontrolled orosses betweD hlSbl1 prodllOing mother 

trees aDd va.rloWl t3'P" ot -.J.e tll>wering tree. 

held possibilitie. of d1JAlniahlnB t.he pal"Oentaae 

ot male trees in the ottapr1n&. aut no_ of the 

5 



above methods have proved to b3 relIable and 

oompletely auooesatu.l. !he only al teraative that 

oan be relied upon 18 1io adopt ftgatatlve 

propagation ot temale &ad male \rea. and oonvert1na 

the emess of male vee. ate produ4t1ft temale •• 

The present r8.e&l"Oh work was Wldel'taken 

1;0 standa.rdi88 an. effeot.1 ... _t.b.od of veget.atiY8 

propagation, wblGh osa .. adopted tor the 

perpe.t;uation of high 71e141Dg femaJ.e weea and 

will also ensure the Aet.er-.lu;t,lon of the sex 

ot the progeJlJ, tbereb7 &ftlcU.ng \he su.bstaat1al 

008t ot ma1nt.aining .zoe.a IIWIlber of I&le tre •• 

until the flowering a'\ap. 

6 



REVIEVV OF LITERATURE 



In perermJ.al crop produot10n, 'the aTatea ot 

propagation adopted 1a ot .1 t.al 1aportanoe, beoauae 

Il8lI1' of thea are h1gbl.1 he'teros7&OU8 and the genetic 

make up ot the pro88DT lar.17 depend a u.pon the 

aTatem of propagation adopted. Moat ot theee orope 

are amenable t.o both .eed and &aemal _thoda of 

Propaiation. The work done on 1ib8 propapt.ion of 

ftl1tMg and some relat.ed orope are 'briefly re.iewed 

here. 

lfut.meg i8 general17 propaaat.ctd t.brougb. aeed. 

Well _tured .eeda are oolleoted and the per10arp 

and aril are reJlOftd. Seeda are .own i_alatel, 

after .xvaot.lon, aa \be germination cleore .. e. 

""atantlal17 on the .. w1ll.& 18 clelayed ~t.er 

a:nraot.lon. Sowing wi \h1a 24 hour. of exvaotion 

waa found 1.0 be the beat at I'allar. Tha, are aoWll 

in raiaad bede. IJ'l Mala,.., ... t.t. ... eds are 

BOWI'l !.BIit.u (S~ftlu -.d Rso, 1977). 

7 
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In clove, the common method of propagation is by seeds. 

Seeds ~e extracted from ripe fruits and sown immediately. 

Viability of seeds is short and it can be maintained for 

about two weeks if they are stored under moist conditions. 

Cinnamon is propagated by seed. When the seed 

ripens, they are gathered, dried and heaped in a shady 

place till the skin and the pulp inside rots and turns 

black. After separation of the pulpy mas s, the seeds are 

dried in shade and sown in raised beds. 

1 .1. Sowing 

Nutmeg seeds are sown in raised beds. In :Malaya, 

some seeds are sown ia:~. (Shal1Jllughavelu and Ha.o, 1977). 

In Kerala it is observed that some of the cultivators 

sow the seeds vertically with about 1/3rd of the micropylar 

end up. Otherwise the stem gets bend and twisted during 

the process of germination. 



N'a1lt (1941) repor'-4 'Ulat 80w1Dg UllgG 

.eeda wl th the plUlhlle 11P helps io avo14 the oommon 

dlstortlon ot the •• eAlins-. 

1 • 1 .1 Germina tlona 

Perll (1938) inv •• t1gated the aarm1na.tlon of 

nutmeg aeed. trom. temale irees growing at various 

dlstanoea from male flowering 'ireea 8lld 1b und 'that 

germination peroentage vas IDre in aeeds of leal. 

tr.e. growing nearer to the alA tree.. I'laah 1966 

atat.ed that 1ib.e ger1ll1natlon parGentace would be 

le8s 1£ the 8.eda were SOVll, , 4a.1s atter harvest. 

1.1.2 T1me taken for gera1aat1oal 

In nut_, the maxi._ pereea_. of geJ'llJAat.lon 

was between 50 8l1d 80 4ay8 atter eow1ng (KannaD 1971). 

AooorcUng to Nair A1 Al. (1977), gera1nat1on took 

plaoe in abou'\ 60 to 90 d&IS. lfair (1978) alao 

r8,ort.ed more or les. s1a1lar reaulta. Frabl_ 

of seed propagation in o'iher .p1oe orop. liD 

oardamom., alove, o1~n ba ......... 1nveat1gated 

by a number 0 f workers. 

9 



Sowing ot oa.r4aaJ .... ds soon after oollection 

was found to be more Mfta'\apOua than sowing atter 

a laps. 0 f 15 days. Gera1nation wae completed in 

about 6 weeks atter SO~i (Anon 1950-51). 

In oinnUon. the ... cIa atarwd germ1rlatlng 

within 15 - 20 daya and pnerall,y it would be 

oollpleted in about 45 daya (Anon 1952). It is 

reported that aeeds ot alleploe require 15 to 45 

days io co.plete germ1Datlon (Nair and Nair 1969). 

!fair (1970) reported th a\ in olove. 

gerll1Da tion of seeds st&rwd fro. 2O'th day and 

extended upto 120 days. 

1.13 Seed 8iae and sermtnatlonl 

Experiments COMl1OWd 80 tar revealed 1;bat 

in many crope seed siae abo_a addi tift effects 

on prm.1na tion. 

Hume and Oobin (1946) oontiuoted experllBnta 

to determine the effeot ot aise of seed on 

germination, survival and 8u'baequent a;rowth ot 

1IJAIlpateen ... dlings. Percentage of seed g'ermination 

10 



inoreaaed with each 0.1 g inorease in seed weight 

trom 0.2 to 1 g ,above whloh there was little or 

no etteot. 

Son Walker (1951) reported that mo at 0 t the 

jaok seeds weighed from , to 6 g each. And thoae 

smaller than this 18 unsat1ataotor1 for propagation. 

Larger seeds reoorded better sermination. 

Burris and :)owrkera (197') oonduoted a 

11 

nWllber ot experiments to know wbether lhe welt;9lt u-l ~~dd04"'--­

c:' seed bas relationship with plant performanoe. 

They stated that hisner proportion of small seeds 

would adyersely atteot the orop stand. 

1 .2 Storage media Slld ylabllt t11 

The pr1me obj eot ot ••• d a\Grage is to 

preserve~e seeds with. the -1Dlmum reduotion 1n 

v1ability when exposed to htgb.er temperature ancl 

humidi ty 0 bta1ning in the planting medlum. High 

temperature and hUJD1di ty aooelarated the life 

prooesses going on in the seeds BDd shortened the 

storage lite of seeds. Buru 8Dd ~,c1921J) studted 



the viability of stored mango seeds and found that they 

retained their viabil1ty for a short period only. They 

obtained 80, 84 and 20 per cent germination in mango when 

the seed stones were sown 30, 38 and 71 days after harvest 

respectively. According to Singh (1938), the seed stones 

of mango were viable for about 100 days. 

12 

Evans (1950) op1ned that the conditions required to 

preserve viability in mango seeds are free air and low rate 

of loss of water for seeds. 

In cardamom the viability was lost to the extent of 

50 per cent wi thin one and a half months and 90 per cent 

within four months time (Anon 1950-51). 

Clove seeds also lose viability in short time after 

harvest. But the viability can be retained for about one 

week by storing them in a cool dark p~ace in moist sand or saw 

dust. Winters and Rodriguez-Colon (1953) stated that the 

seeds of mangosteen retained its viability at room temperature 

for four weeks or if stored in moist charcoal dust or 

peat moss; about twice that time. 



Oacao a.eda loose viab1l1ty 1ft a short perlod. 

Seeds could be kept vlable tor t"" montbs provided 

they have a moisture oontent ot 50 per oent and a 

stora.ge temperature ot 8 - 1,·0 (Hunter 1959). 

Aooording t,o Slmao (1959) the best method 

13 

ot storing mango seeds is by keeping the whole tru,lt 

at room temperature. Under this oon41 t1on, the aeeds 

remained v1able :t'or 70 day.. Larger seeds stored 

better than amall ones. Bu"t. S1ngb (1960) 1s of the 

opinion that they loa. viability in 4 to 5 veeka time. 

Bajpa1 and Tr1'ftcl1 (1961) oonducted an 

exper1JD8'lt to determine the viability of man.., .eeel 

stones under different storage oonditions. They 

stored mango a.eda in 1. Oharooal powder in an 

atmoaphere ot 50 per oent R.H., maintained in a 

desi<:.oator by the method augaeat.ed by viUson (1921). 

2. Packed in polyt.hene bags. ,. Allowed to remain 

in the fruits. 4. Stored in a deakoator over oaloium 

chlorlde (0 per oent H • .fi.) and 5. Kept in an open jar. 

Of all the methods tried, atorage in oharooal dust in 

a des;;t,oator (50 per oent R.H.) waa the best and 



retained SO per cent ~iabl11', evan atter 70 days, 

storage over oaloium ohlorl4e turned out to be t.be 

wrat ot all the treatments Qlld this emphasise. the 

need 0 t moist.ure tor man.go see:d storage. 
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Ohaolto and S1n&h (1968) reportel that •• ea.. ~ J A~~t­
stored in .,1.1. sand or eav dut rota1n.ed hlgb. per 

cent ot vlabU1ty than those stored in polytbene bilge. 

Bxper1118nts were oonducted on oacao seed 

viability at Kallar mod Burlla.r Fruit Sta.~tion in 

Bllg1ri8 during 1966-69. The following were the 

treau.nts (AftOn 1969). 

a) Seeds extracted with attaohed pulp and 

stored in finely sround ohBI'Goal. 

b) Soads retained in pods stored in finely 

ground obarooal. 

0) Seeds retained in pods stored in po~th.ne 

bags 8lld finely ground oharooal and 

d) Control. 

Pods stored as auoh 1n polythe. bags and dry 

oharooal powder retained the viabUity upto a period 



of '0 days vitn a fair peroent&ae of germinatIon. 

Oacao 8eeds oan be 8io1"8d as &\lOb in polythene baiS 

(200 gauge) wi tbout JaIOh 108s ot via.bIl! ty of seeds 

upto a perl0 d 0 £ £i ve walta from harvest. 

Shananlgtlanlll and Rac (1977) stated that 

nllt._g seeds stored in poJ..yt.hene bags or moist aan! 

remained viable for 15 da,8. 

1.2.1 Factors affeot.ing longevity of stored seed •• 

The major factors known to 1ntlusnoe the 

longevity of seed in .wrage are teaperature, molature 

oontent and oxygen pressure. (Oven 1956, Bar\on 1961, 

James 1967 and Roberts 1972). Nwaeroua experiments 

have been oonducted to delJ.Deate parameters that. 

affeot 1oll68vity of seeds. Tba relationship bet.weea 

temperat1l1"e, moisture oontent ald perIod of vIabllity 

has been defined quaat.It.at.iwly by various 'WOrkers 

for most of the crop 8ee48. Roberts (1973 ~) d8v1884 

eqllations to determine the half-vlability perio4 for 

various orops. eeds and also published a aeries of 

monogl"&phs to predict seed etorabillty at g1T8J1 

t.ellperaturea and seed moisture oontents. 3uoh 

15 



8nluatioD8 are atEe.tea b7 genotypio variat.ions, 

seed mturit" meoh.an1oal damage, Dl10r0""OrganJ.8M 

etc. Ne'Yertbele •• , the1 offer guidelines for 

st.orage and longe'Yi", of .. e4 lots. 

In tropics, tbe storage of ... 4s to preserft 

viability presents grea'-r problems due to the 

general advers! t1 of 'the 01111&". Ambient relative 

hum1dity is suffioient to oause inorease in aeed 

.,1sture with resultant deterioration m"iability. 

Baas (1972) has delineated the storage 

oonditions, paokaging materials and seed moi.~'Jture 

oondi tiona sui table for opt.ilaa lonpvl ty of tree 

orops,· agrioultural and vep'table sMds. Sub-freezing 

temperatures (-18.0 was best) and misture oontents 

at 2 to· 7 per oent vere seemed best for long-ter:IJ. 

storage in moisture proof oontaJ.Ders. 

Delouohe .Ai. Al.. (197') 8'U'essed proper 

preat.orage haalling coupled w1tA oondltiol11ng of 
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the storage en.1ronment as M.. of preserving vlabill t,. 
Harrington (1972, 197' b) diaouasecl the proble. ot 



seed swrage wI'tb. regard to 1IIOist11l"8 and temperature 

control to IIl1.n1JI1ze 4e\erloratlon. Proper drying 

and packaging ot eeede in mo18ture proof' oontainer8 

are neoessary 1;0 prevent reh¥dra tion and to maintain 

Yiability during tranait and 8torage periods. 
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FungI and bacteria often oause adverse etfeots 

on seed viabIlIty. (Anderson Ai Al. 1970) Ohr1awu8n 

(197') oonduoted extensive studies on influenoe of 

mo1ature oontent, taaparature and storage time on 

change8 in fUnga.l organi .. and •• ed viability. S.8411 

that are tree of fungI maintained hlgtl germ11'laDillt1 

and when 8UOh seeds were inooulated vi th ftmg1 at 

the time ot 8torage, oomplete 1088 of viabIlity oooured. 

The ph,ysical and biological processes in the 

(1973). They reported that the 108s of seed qualIty 

1s due to respiration and or moulding. Apart from 

the enviroDMntal factorsJ 88net10al traits also 

affeot 8eed longevity (JtlI&S 1969). 

1.3 Effect of gibberellic aoid on germinatIon of 
seed81 

In a IlUllber ot trIals ooll4u.oted, plaAt reaulatora 



have been &hown to promote germinat10n of seeds. tA.oai 

of the dubious results have been obta1n.ed us1ns auxin. 

Muoh olearer ettects have been 0 bta1Ded bl external 

applioation of glbberell1na 8IlCl g1bberellio 801d. 

Lona (1956) and Kahn. Ai ale (1956) were a"ng the 

first to show that gibberoU1o &Old at1mu.lated the 

germ1na tlon of Laqtuoa ,UiD and 11.. lIar1Qla aeods in 

the dark. The etteot ot glbberelll0 sold seemed to be 

similar to 1ihat of light in promoting germination. 
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However, the results ot a nuaber ot experiment.s 

oonduoted lead to t.he general. oonolualon that gibberelll0 

acld and light (red) 801, onJ..y p&rtlaU, in the same wal 

and that their mode ot aotlon 18 IlOt identioal (Dams 

and Th1mann, 1960; fuj11 U JJ... 1960). 

The st.imulatory .tteot ot applied GAs on t,he 

germinatlon of 8eeds has beeD w1dely repor'tad (Lang, 

19651 Stoke8, 1965). 

G1D~ell1n seed treatments have been found to 

be etteotive in promoting gera1natlon of small grain 

orops, fruit orope and .... ptable orops. (Ha.yashi, 1940, 



Wl~~wer and Buko~, 1951, MOrgan and Meas, 1958, 

Stowe and Y&1l8lti, 19591 Ifekraeova, 1960}. 

r,Jigg8llS and Martin (1961) oonduoted an 

experiment on ~1a aspeot. The results showed that 

by inoreasing the soaldng t,1me in gibberellio aoi4 

solution the germination vaa earlier. 

Experiments with grape .eed bT Yeou-Der Ai Al.. 

( 19(2), Handhawa and Negi (1964). Chadha (1 ~65) • 

Ohadha and Menon (1967), Randhawa and Pal (1967) haw 

oonoluslvely shown the uaefulness of GA in seed 

germination. Aooording to \bem. applioations of GA 

stimulated and improved see4 prm1nati()n. It was 

foUl'ld '\hat all oonoentrations of GA stt'ikingly 

increased tlw pdroentage of germination. 
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SbanJmtpvelu (1965 and 1969) reported the 

effeots of plant growth regu.la.tors on aeed germination. 

Aooording 'to him, oashew seeds soaked in 100 ppm GA 

solu.tion reoorded about 100 per oent germination. But 

as the oonoentration inoreased further. tbe per oent 

of seed germ1na tion decreased. 

Srivastava (1969) reported the influenoe of 



20 

Presowing treatment with GA on the seed germination. Singh 

and 1-1otial (1970) conducted an exp sriment to study the 

effect of gibberellic acid and temperature on seed germination 

of Rauyolf11\ §efpent1AA. They found tha.t under field 

conditions, GA 500 ppm increased germination from 40 (control) 

to 89.5 per cent and survival was 100 per cent in both cases. 

Farooqui n al (1971) studied the effect of growth 

regulators on the germination of sapota seeds. Even though 

all the growth regulators tried hastened and improved the 

germination percentage, maximum germination percentage was 

obtained by soaking the seeds in gibberellic acid in indoleacetic 

acid (25 and 50 ppm). 

Shant and Rao (1973) reported that GA promoted seed 

germination in acid lime by sOaking the seeds in 500 ppm. 

GA solution for 12 hours before sowing. 

Bhuj bal. (1975), 6asian1 and Sal vadori (1975) and 

Ballington ~ ~ (1976), reported that gibberellic acid 

stimulated and increased the per centage of gel~ation in 

fruit crops blueberry, ziziphus, aonla etc. 



1 • ,. 1 Efteot on a •• cll1Dg gl"Owtlu 

G1bberell1na are Go_1Aerea .a a group ot 

plant hormone. w1 th _ _"ion olearl" d1st1n&u.1ahad 

trom that of auxin.. fre."ment ot a Y&I"1et1' of 

plants with g1bberelllo aold (GA) was found to 

increase the shoot grovtb as a result of oell 

elongation (lfelson, 1957. Awlua 196" Devlin, 1966 

and Singh 1967). 

An lnorease in total plant ulaht when the 

peoan aeede were dlpped 1n GA solutton vas reported 

b3" Wiggans 8Ild Mar"tln (1961). Yeou-Der!!.!!. (1962) 

also reported that aeedlJng. from grape seeds treated 

w1 th GA were _oh taller "th8ll plants from untreated 

seeds. IC.annan md Madh&'t'a Rao (1964) reoorded the 

marked influence ot GA on the atea helpt and the 

girth ot the .eedlings obtained trom treated _n.go 

atones. 

1969) 

aeedling. sprouted troll CIA soaked ... da of 

Peltopi)oJ'WD U registered 1noreaae4 ehoo"t length 

but the pr1mrrl' root leng\b. vas oollparatl ... el,y less 

than that of tbe oontrol in gea.araJ.. 
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Shant and Rao (191') reported that gradual 

inoreaae in plant heipt and g1rtb were reoorded wlt.h 

the inoreaae 1n OOJlOen tration upto :500 ppm QA in 

acid lime. Further 1110"... in oonoentration ot GA 

result.ed in long end narrow lea".8, d1e-baak ot 

apioal portlon and ohloro8is of the leaves. 

1.4 Effects of other growth regulators on seed 
germination and further p-ovtb.a 

The effeots of Indol .... t.l0 soid (IAA) on see4 

germ1na tion have been in dlapute tor a long t~. 

Numerous workers han 1nftst1aated the effeot ot 1M 

and s1m1lar subatanoes on .ee4 gera1aatlon. and haft 

obtained oonflioting result .... t1atlatlon or 1nhlbltlon 

being obtained, depending on the concentration ot IAA 

and the type of the seed treate4. 

Shanmu.ghavelu (1965) reporwd that treauant 

with both III and IliA (Indole but1l"10 acld) resulted 

in a fairly high peroent.&ge ot .eed germination. 

S1nba .u.~. (197'> repor'ted '\hat 1000 ppm IAA 1nduoea 

higbest germJ.nation 8Ild also proclwtea longest shoots 

t.h&ll 0 ontro 1 (Sea4a). 

" 



Another plant hormone, oy\oltJ.nin, was also 

tound to aftect germinatlon of •• e4s. MUler (1958) 

showed that ldnet1n pro_tee germ1natlon of •• eda. 

The natural k1net1ll-zeatlll. alao 8Ot. in the s_ 

vay (Letbam .Ii Al. 1964). 

OytoJt1n1ns are 1nvol..,e4 both 1n the proae .. 

01' radiole elongation (Haber 8Ild Lulppold, 1960, 

P1ntleld and Stobilar1t-1912) and oot7184on expansion. 

(IJtwrtM EIld Th1arm, 196" Iiar.SllDV u.l1. 1969). 

Tho-s .11 Al. (1915 Ion expla1ned that "Iar1 

23 

low oonoentratlona ot g1bbere1l1JUl whlah were no~lly 

1netteotlva Oil Hed gera1rtatlon beoame etteatlve 'Wb.81l 

aytok1n1ns were applled in ooab1llatlon. 

i.!thylene at1mulat.e8 t.lut 8Irmlnatlon ot seeds 

with pr1ma.ry or seoon4ary d..-aoy. Bu.t Haber (1926), 

Balls and Hale, (1940) reported that It aeedswlth 

hign molsture oontent are aoated in ethylene -

saturated vater, gera1natl011 ot the seeds !noreased. 

Tao .ill Al. (1974) showed that nnetin plus etb.rel 

synerglstioally anhanoed germination. 

S1nba .Ii Al. 1977 reported tl11 t E'\hrel 1000 ppa 



was the beat d08e for obtalnln 8 highest per oent, 

of aeed gera1na:t;ion 111 Walnuts. 

1.5 Effect of GA on Metabll18-. 

Gibberell1lla are DOW oc:a'l81dered as a group of 

plant hol"llOJl8S with sa .t,lon olearl, 41at1ngu.1ehed 

from. that ot aux1na. !he work of Varner and h1a 

ooworkers (1965) led to the disoover, that gibberelll0 

&Old oontrolled the sJllt.be81a of alpha 811¥lase 111 

the aleurone layer wAiGh lea to 'Ula hyc1roly81s of 

starch in the endosperm. 

But Ohen and Park (197') reported the two 

81tes of aotton of GA, - one 1Jl the e_bryo and one 

in the aleurone layer of tae endoepera. Thus the 

aotion ot GA 1Jl the e.br1O 18 relawd to germ1Datlon 

aDd the etteots of GA. on the 8O'\1-.1t1 ot the ensJIM. 

in the ootyledona or in 'the endoeperm are all poat 

germJ.nat10n phenomena (Marriott 8Il4 I'ortboote. 1975 

and Van Onokele !!!l. 1975). 

2. Ventative p!'Opy!\1onl-

Vegetative propagation 18 the JIOst common 

_th04 adopted in .at ot the pareDll1al orop., as 1t 

24 
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Is the only way of ma1nta1n1ng varletal characteristios, 

besides reducing the pre-bearing period. In nutmeg, 

the absenoe of 8ZJ3 rellable method of iden"r.ifioation 

of aex of the tree unt.ll it. flowers. the standardisation 

of an effective .. thod of yeget.atlye propagation has 

an added importanoe. Approach grafting was tried in 

nut.meg 8.S early as 1848 b1' Oxley (1848). 

Ridley (1912) ata"ed that the _tbod of 1naroh 

grafting is Doth tedious II.Dd expensive. De1nuJll (193f) 

has mentioned t.hat, as early as 1894. grafting 

experimmts were uncier'ialten in the botanioa.l garden 

at Bogor and Indonesia. 

The teohniqua ot 1naroh gratting orig1nally 

used has been desoribed by Nicholas and Cruickshank 

(1964). Potted seedlings of about 18 inches tall 

and about the thicknea. of a penoil at the collar 

region were 1narohSd to soions (twigs) of similar 

thickness by removing ..,ery th1D aeotions of the 

bark, a.bout 4 em long on both stock and sclon. These 

were then seourely bound together loll th olear plaatl0 

ta.pe, the seedling stock be1Dg "led to the female 

tree for support. The graft. t.altes a'bout four months 



to unl t,e, after vbloh 1.he ao1on t. aeYered below 

'\ih.e unlon. 

In India, 1narohlDg or approach gra:f."tlng 

was suoGesstu.lll done on root-stooks ot 

Mxrig$!aa tryrOU aad.tl. JMddq.11. 

- Sundararaj and Vara4arajan (1956) obtained 

60 per aeat suooess in approach gMLtt1Dg. The value 

ot the trees obtained haa been under investlgation. 

So tar there 13 no !urtber report on th18. 

Grafts on H. JM44o-11 and H •• '_riga 1D. 

an obeeM'atlonal trIal deftloped into low, spread1n1 

trees whereas nutmeg 8eedl.1D.ga generall, developed 

into tall trees. The grafts 00_ to flc\;l8r1ng in 4 

to 5* years of plan.ting as apJlurt. 6 - 8 years taken 

by the seedl1nga (Anon, 1964). 

Raaalam (1964) baa olaJ.me4 100 per oent 

sucoess in approaoh gra.tt1q Oil aeedlJ.ngs of 

oultivated and wi14 specle. ot Mp=iatiga. Beaides, 

grafts trom ohupona 0 t fe.ale llUt.Mg trees as solollll 

flowered in the second Tear after gratting. 

shanmu8bavelu andRao (1977) reported 60 - 100 

26 
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per oent sucoass in 1raaroh1ag, at Kallar and Burllar 

Fruit Sta.tions. Other metbods ot vegetatiye propogatloll 

wre not auooeaafUl. 

Qther ONP'. 

Experiments oonduo\e4 at ICallar and Burllar 

FruJ. t Sta.tiona rayealed that 1raaroh1ng 1:a oaoao and 

olove were higtlly suooesatul. (70 to 100 per oen t). 

Current season'. shoots prowd bet."-r as aoion _tarlal 

than. past season' 8 terll1Dal shoots. 

One tleld exper1Mnt .. oondua'ted at the 

Agrloul tural Heaearah statton, Tallpara:mba. Ker~ 

tor a perlod ot six yea.ra to study tb.e performance 

of _ngo J.narohea on both pol,ambryon10 and 

NOnoembrlOnI0 root-stooke (George an.d Nair, 1969) 

It was observed that 1n.arohea ot Bennet Alphonao 

and Baaeshan on POJ.7eabr30lll0 root-stoeks ot 

Ohandrakaran and Bappakal were superlor to those 

on "ono •• bryonie root-atoOlt of 'Pul.lyatl' both in 

ftgetative growth and in 11eld. 

Aocording to KroOhllal (1972) 1na.rohing has 

baell usad sa a 8uooe88tu.l method ot propagating 

tropioal tru1t trees 11k. ar.ago. &YOoado, a&,o411la etc. 
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Rao (1975) augps1'.e4 a ftew .. thod tor 1narob1ng 

mango whioh was use1Ul tor bot.h propagati~ri. and 

rejU'Venation. Instead of ua1ag a eoion shoot. on a 

growing t.ree, the 8010a ahoot., exc1sed under water 

vas kept in a wa'tar-tIUea polytbene bag during 

marohing 1'.0 a 88841ml roo\-.t.ook. Another polTthene 

bag was plaoe4 over ibe top of the 80ion shoot ",hile 

union took plaoe. 

T!me, age and OOS t 0 f Jaarohin8. 

Aocording to Na1k (1941), the optiDlwn time ot 

1naroh1ng the mango aeedl1Dgs vas from 1"'ebruary- to 

July in South India. This was found true even for 

Punjab (Mukha:rjee, 1953). In Florida, Fahlny (1952) 

found a positive correlation between the amount ot 

oarbohydrate in the tissWiJS and the degree of suooeas 

in grafting and that ear11 spring was the best. t1.e 

for lJ)od suooess was gratt1n8. Ttle ra1rly season was 

reported to be the best. tae tor gatt1ag (Hayee,1957). 

Ahanm9.Ci (1966) reported tb\t inarching was 

80 per oent suooessful in two autumn aegaons and 60 

per oent and 84 pel· oent 8UO0888fUl in 'tw spring 

seasons in the case ot gu.&-va. Stook-aolon union was 

par1pheral. after 45 da.ys, but. oollplete after 75 days. 



There 18 dUfeJ'8llOe of op1alon as to the age 

at wbloh tbe swelt shOuld be grafted. Burns an4 

Pra,ag (1921') held that. 1 t to 2 188.1"s old seedlings 

were the best as stook •• e411ftp for mango. Pope <Xl\cL 

:.5,t01:~ (19") auggeated that the stook should be 

6 - B months old. 6 to B weeks 014 seedlings were 

suooessfully sraf't.ed ., Verma (1942) to equal.l.¥ tender 

shoots. Sen (1939. 1941 and 1942). Na.1k (1341). singtl 

(1951) and Roy (1952) got good sucoeaa with' to 4 

month old seedl1n.gs. 

G1rl (1966) reported that in JD8I'lgo, the 

peroentage of sunoesa wl th 8e.dl1nga of vlaoroue 

growth (1.3 - 1.6 om g1rth) was s1gn1f1o~tll higher 

1.han those of medium (1.0 - 1.29 om) and low girth 

(0.7 - 0.99 om). 

Dally watering. lIb,1ob forms the largest single 

item of oost 1n produo1D& 1naroh grafts ooald be 

largely eliminated by the use ot polyt.h8ns f1lm. 

The oost of 1.n.arohing in alltatbene brand of polythene 

film, has been reported to be onlJ Rs.O.41/g:-att bl 

apg (1954), and R3.0.25 only by l:i'&ngaoharlu and 

Venleta.rao (1956) as against Hi. 2 ;00 send1"8lly o:targe4 



by nursery I18n. Rao fIId.>JLa~(1957) reported that in 

oashew 1naroh grafts. the ooat, GOuld be reduoed by 

using root-stoolta potted 1n alltatbene wrapping. 
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Aooording to Majhall and Sinsh (1962), 

J.naroh1ng in alJca'thene was found to be muoh 1n :larlor 

to 1naroh1ng 1n pots. The younsest seedlings IIllftere4 

tne greatest loases. 

Side grafting ot nu~g has. been reported to 

be suooesa.tu.l at d1fferent plaoes. Blu-ns &lld Pra.rag 

(1920), Bailey (1927), and Pop. and Storey (19;;) 

have reported \hat side-ioasue grafting iB sucoeasfUl 

in JISlliO. 

More than 80 per oot 8\100888 was "bta.1ned wbeJl 

side-graftJ.ng was done dur1n8 July - Augu.st in South 

India. Ohavaller (19;6) &1'14 stattles (1939) have 

reported that in Java, only ,afted (sid~-gra.f't1ng) 

plants g'"d.v. oo~ro1a.l iiW)oesa in quinine production. 

Arl1g ONl" CfJiO( 1946) 0 bt.a.1.Aed @Pod re sul 1.8 in side 

grafting with Cin949 U ;.YAQU'Ibr§ stook. 

lfa1lt (1949 ,.~) reported alIIoa t lOOper cent 
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suooess 1n side grafting in the oase ot JII&Il8Osteen. 

In avooado. ~ide sraft.1Dg was possible Gandhi (1952 :,;,). 

Side grafting W88 more satisfaotory tnan 

orown gratt1ng 1n avo 0 ado (Vogel. 1962). 

Kanwar and Ba~wa (1974) reported that JDa.Dp, 

seedlings of 8 - 18 IIOntbJI old were aatisfaotorily 

side-gJ!'&tted with undefollated soiona of 7.5 am lons. 

And grafting in March - April or June - Ootober gave 

the best resu.l te. 

Gop1ll8ni (1978) had olat.d so_ auooesa 111 

slotted aide gra.tttng in nut_g with male tree as 

the root stook and defoliated branoh of the faaale 

tree as aoion. 

Studies at Ksrala Agrioultural University. 

Vellan1kk:ara showed 60 - eo per oent sucoess bl' 

side-grafting in oaahew during the months of July 

and Augus t. 

2.} Veneer graftlng. 

Veneer grafting haa pined importanoe in 

reoent ,ears beoause of ita -.a1101d adY8Dtages oyer 
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1naroh1ng. Lpoh (1941) aIld Rushle (1948) first 

reported this teohaiqua 1a .enlP and suava reapeotivel¥. 

Welson (1955 ..... ) reoo-.nded .... neer grafting in 

guava with sOiona 1.5 - 2.5 !Dolle. long from terminal 

fiuahes. witJl wll developed axillar, buds. The grafts 

vere wrapped in virlTl plaet10 fila. with a small 

opening at the top through wbloh the bud oan _.rp. 

Mukb.er3ee and Ma3U1dar (1961, 1962) reported 

tha.t veneer gratting i8 a au.per1or _thed of' vegetatlve 

propagatlon 1n -aiO and. the beat t1.me Is during Maroh -

April. 

Atter oonduotiDI sa experlaant to determ1ne 

the sultablllt, of veneer gratt.1ng. Thapar and Panwar 

( 196.,) suggested "neer aratt1nB 18 a su.ooessfu.l 

propagation _thad in _n80-

MWtberjee and Majua4er (1964) reported that 

veneer gratting was fou.ad to be auooesstul in all 

months between Marcil to Jul., 1Jl man.,. The 80 ion 

growth was max1J1W1l in the p-at'ta prepared during 

Maroh - April. If' craftial waa carried out wlth 

solon stlolts wh.lch were uit.b.er toroed b, defol1&t.loa 

nor enlarged norall,. the a_.aa was very poor. 
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Aooording to Jag1rAar an.d Bhatti (1968) the 

peroentage of tate was 1noreaaed by the use of DB ture 

sOion wod, oompa.red with 1Iaature wood in manao. 

Bhandary aDd. Malchar~ee (1970) reported that 

max1DIum suooess 1Jl .,. ... r grafting gu.8'V88 wae 

obt.ained in July, ooapareA "itJl that in Maroh, April, 

June and AllAUSt. with 1 to 2 8Ont.h old aolol'Ul ahoots. 

Th. tak. vas 85 per oent during July, but wit.h older 

soiona, 11'. was leaa .UOO •• 8~. 

StudIes at Allamed Nagar indioated that ftae.r 

grafting was adftDtalJlOWI oa eaahe" seedling root­

stooks of not _re tb.an. tlY. _a~ old and below 

50 011 in heipt and h&Y1ftg a Birth of 4 - 5 CJIl 

<Phadnia, 1971). 

Kar, Ohadha and S1Js&h < 1973) tried '9&rloUIJ 

propagatlon methode in olift. Ot the yarlous methoda, 

Tenser grafting was oou1dered to be the best .. thoA 

with 78 - B7 per cent SWMM... There were no 

slpJ.fioant eigna ot gaft 1noompatlbl11 t.y on 

.Qlu OWlaidata root-atoolt in \he nursery beds. Time 

taJDm 'bl 8010n 1;0 aprout attel' gratt1ng Tarled trom 

20 - '30 daya. 



Prasad, S1nBh _4 S1roh1 (1973) oonduowd fill 

exper1l1ent tor two 38&1'8 to study the oomparative 

performanoe of veaeer gaftins and patch budding 111 

two varieties of manso. The results 1n4ioated t.b.at 

veneer grafting was s1gn1tloantly superior in respeot 

of the peroentag8 of sUOGe.S an4 "'ipv of .proute 

as ooapared to patoh budd JDs. In the oase of veneer 

grafting, m1n1awD sUGoesa was reoorded in Ma,- and 

1noreaa1ng Vend was obServed in JW'le and Jul,.. 

R80 and ICau.l (1977) reponed that July grafts 

were most suooessful (77 per oent take) in goa .... and 

their au_equent growth and leaf production. vere also 

greatest.. DipplDg the solon in ldllet1n (0-15 ppa) 

before gratt1r1c waa detr1a8lltal t,o graft-take and 

made 11 t t1e dlfteranGe 11'l aub8eqUnt growth. 

2.4 Wedge grafting. 

Stoke, a.i. (1962) reported that green vaod 

graftlng VG8( 8uooeaetw.ly acJop.4 in Pere1JDon and 

B1aok waJ.nuta. W.dge gratt1nC 111 oaahev tried at, 

the Oollege of Agrlou.lture. BallgalDre had proved 

sucoessful. 21 da,8 old ... A1Sup vere used &II 



root. ... tooka and the t.era1Dal ourrent season's shoot. 

were used as 80101l ahoot.. (Bb.8Zlclary .11 Al. 1974). 

AmJ.n (1978) adyooatecl that. in situ .oft wo04 

gratt.ing vaa highly .uooes81Ul in maaao. Suoo ••• 

in gratt.ing vas obt.a1D.ed only when t.be graft.iDg was 

done 'Wb.en tbe lea ... were bronae in oolour. 

Detoliated acion ahoo'ta vera used tor graft.ing. If 

the graft. was suooessful, the new bI'"oue ooloured 

shoot.s would re-emerge wi thin about one months t.1_. 

The use of th1a _GlulJ.qu. in the propagat101l 

of nu'tMl was deJllODa'tratecl as earl, &8 1848 bl 
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Oxley (1848) and the ettorts of Ridley (1912), 

PoatJW!tQ( 19:55) and Delllwa (1949) were also reoorded. 

Postrul~19'5) gave an aooout of budding experlNllU 

on root-s tooks of Hniat191 "",_ 1n Indonesia. 

There was ;0 per oent s1»Oe... De1rt.wn (1949) reported 

that. the treee were healtb.1t but. some what stunted. 

Unsuooessfu.l trl&la ,... II84e in 1956 in 

shield buddlDfJ 1OUD& nut.s ... 41inp appro xi mate 1, 

1/8 inohea in dIameter at. "t.be collar region. In 



~few Guinea, bwld1ng 8xper1JMats ware tried with 

Myrl,t1oa tr&&rMI aDd H. KPPY as roo"-atooks, 

but they were not suoo8satul in the long run. Oohae 

reported that. suooeS8 in ltudd1ng may be aohleved only 

by using young root 8toolta an4 lnld soions. 

Other OropSI 

Chose (1947) and Gowda (1952) reoommends shield 

budding in Walnut aM a:fOoado re8peotlvely. Gandhi 
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(1952 l) found that forke. method is posslble in avooado. 

Thapar and Rana (1961) reported 80lle SUOO •• 8 1n walnut 

bu.dding. 

Aooording to Gur and Saa1ah (1962) 8ucoeS8 in. 

mango bu.dding in the nur8er,. deoreaaed wl th age and 

reduoed "igour of the rootstooks used. Bud take was 

better with root-stooks budded at the t.ime of a. growt.h 

flush, than during tbe rest period between two flushes, 

wit.h. the exoeption ot 4 year old trees, where no 

dlfteranoa was found oo"ering the raffia., used for 

ty 1ng the buds, with paraU1D. iapro .. ed bud-take under 

se.ere oliml tio oondi tlona. 

SI'hJ''l""dS1ngb (1954) reported fair 8uooess by buddin8 g 

'sl~' at Sharan.pur (U.P.). !be,. tried buddlng 1Il April 



sad June 'by dlfterent JIl8tJlods and tb.e7 reoommnde4 

patoh 'budding as a bet. ter lIetho 4 ~n do:ae in the 

month ot June. 

Hiyadatullah and Sadiq Ali (1955) *ile n.ievmg 

the work on JIl8I1gO budding ~ 't.UY.' in Pun3ab oolloluded 

that. the spring bu.dding season is superior to auftu.mn 

season with a maximam 8uooess ot 84.5 per oenft. 

Gandhi (1955) advooated that 'Jiork&rt method 

ot budding was found to 'be t.b8 'best metbod when done 

in the mon tba 0 t July and AUSWJ t in IIAD&D. 

Aooording to Singh aad Sri.aata.a (1962) in 

D8l'lSO Ju.lJ bu.dding was the 'best with 100 per oent 

suooess., (Fork&rt JID thod) • The percentage 0 t 8UOO8 •• 

and the time taken 'by the buda to sprout. were af:f'eoted 

by the faotor. like teaperatu.re, bwa141tl and rainfall. 

D8\'ia (1963) reported some su.ooess on budding ot walnut.. 

Srivaetava (1964) reporw4 that. Forkert budding 

was 100 per oent 8\1008a8 in guaya. Jagirdar and Ali 

(1965) reported that in manlO. bud take was more in 

9 Jlk)nth old seedling stooks than in two year old stooa. 

Patoh badd:1ng b.ad been pro.e4 to 'be quite 
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suooe8atul in oashew at 41fterent places (Anon 1966). 

H8Il11ton and Naltasone (1967) obt.alDed 8U13oess in 

Forltert method of DuddiDB ill swwa. 

Aooording to Tesotia and Maurya·(1970), patoh 

method of budding was superior when oompared t.o the 

other methods ot vegetative propagation in man@). 

Studies also revealed that. activated bud resulted in 

signifioantly hlaher percentage ot bud sprout than 

dormant buds. 

Among the various vegetatlve propagatlon methode 

trled 1n man.go, budding gave the best final results 

in mango eventbough the stook thiomess was interlor 

to 1narobJ.Bg (>iingb. and Strohl 1972). Prasad, singh 

a:nd S1roh1 (197.,) obtained 60 par cent sucoess 11'1 

patoh bwlding during tbl mon1b ot May in mango. 

Pa'thalt and Srivastava (1974) a4Yooated that for ge~t1ng 

max1JDwD 8l»OeS8 in walnut lnldd1ng. invigorated buds 

should be used tor bu.dding part,loularl.y in T.l18 months 

of June and July_ 

Kar, Oh8.ldlha and SiDgh (1975) reported that in 

ollve al.ao, patoh bwid1r1g saw 75 per oent sUGoe •• while 

that of ahleld budding pve 01'111 46.67 per oent bu.d t&lm .. 
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Palaniawamy GbfI. l~' 1976) had reported 71 

per oent wooeas b1 pat.oh IN.dd1Dg oashew in July. 

In Maroh, April, September and Ootober 50 - 58 

per cent lJUOoe.s was 0 bta1ned. The bu.ds sprou ted 

after about 25 day. 81'14 grew "1BDrcualy. 

Singh n Al. (1976) reported that patoh 

buddiq 18 su.perior to ohip bu.ddJ.ng in guava and 

maxilDJ.1D take was obtained during tho month of Aug.1St. 

Other propagation method. in __ g. 

Propagation by outt1Dla was reported b1 

Cheesman and Spencer 1936. In an exper1ment 00l1cluote4 

at Tr 1nidad, N10be las and PI7c1e (1936) 0 bta1n.ed about, 

50 per oent suooess with hard wood or eem.1hard wood 

cuttings ot nutmeg. The outt11lp were 1nit1all7 

treated with 0.5 per oent 1u. solution following a 

seoond u-eatment eis,bt vaelta later. This method of 

propagation was time oonau.mlng. as 1 t took at least 

siX lIOn\h.S to root. 

Pie.lden and Garner (1940) quotJ.ng a kew report, 

note that wounded outting. w111 root qu.1oker. 



Nioholas and Iru10ltahanlt (1964) reported that 

only 10 per oent ult1Jlate sucoess was tilere with 

l3uttinga in Gren4.~. The 8I'Owth ot the outtings was 

slow. Flaeh (1966) reported t;b.a t in some exparlEn ta 

in a hot house under a a1st hua1dltler, it was proved 

possible to root .,arioua tne. ot outt1ngs. 

Air layering. 

Deniwn (1949) reported about. air-layering in 11. l l+ W"J ',", 

t401uoeas. Macmillan. (1954) oited air layering as a 

method ot propagating nutmeg. NIcolas (1956) desoribed 

an old met.hod used in Tr1llIdaA. In Grenada air la,ering 

had developed into a praotloal _thod ot 'Vegetative 

propagation O~ioholaa and Crl1J.oksbanlt, 19(4). 

Flaoh (1966) reported "bat in New Guinea 

air-la18r1ng was proved to be qalte possible, provided 

young water-ahoots were Obo8. an.d the maroo t8 were 

made just betore the trae. begJ.n a nuah period, about 

60 per oent root.ed with1ll six _n'tb8. The maroots 

proved 8\lOOeS8tul onl7 when t.b.e baaal wound 010884 

rapidly 'Ill th oallus. 

Oruiokshank (197') expl&1D.e4 the method ot 



air-layering developed in Grenada. Rooting ocoured 

in about 4 to 8 months' time. Then they were severed 

from the tree and potted. They are then hardened off 

in olosed ooncrete bins. oovered with olear plastio 

and watered thrioe daily for a period of 6 to 8 weeks. 

After this period the bin ooyers were gradually lifted 

until the plants were fully exposed. Further root 

development took place during hardening whioh lasted 

for 2 - 3 months. depending upon the weather. Rooting 

effioiency was inoreased from about 30 to 43 per oent. 
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MATERIALS AND METHODS 



MADRIALS A.IJ) MiXHODS 

The in ..... tlgatlona _1'8 oarr1ed out at the 

Inatruotlonal Para ot the 0011... of Hortloulture 

am at the Dlatrlot Agrloultural Jlara, Mannut.b3'. 

aepre.en tat 1ft .ample. were talteJl tor th. dlfferent 

.tudle. and tb8 data were oolleoted duriq the period 

from Aprl1 1978 io JuJ..y 1979. !he _thods adopted 

f cr the dlfferent inftatlgatlou are br1en, deeorlbed 

belowl-

1 • SMA ProaailQAI 

Only 8eeds from _tun tru.1ta a.a indloated by 

the spll ttlng ot the perloarp were ta.k8n for BOwing. 

The per10arp and arU were 1'8 ..... 4 before sowing. 

The welght of the seeds were detel'Jl1ned am tb81 were 

grouped under t1llO oategorle .... ls., heavl. welghing 9 , 

and abo.,. and 11ght. we1&h1rl& 1 ••• tb.arl 9 g. 

Seed beds, 90 to 120 oa v14e, 15 oa high and of 

convenient length were prepare' aad paadal. ware 

.rreoted to provlc1e lIhade. Beecla were sow elther 

.... rtioally or :tlat with 'the a10r0Plla.r end up. A laJ8r 
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ot sand was then spread 0 .... t.be seau. Watering vas 

done daily w1 t.h a roae 0811. The .prouwd .eeds were 

t..ranaterred from the .e.4 H4. to po17'the1l8 bage soon 

atter sprouting. 

1 .1 Germinatlol1 .. atteo_d by the t1ma of eowlDg 
and '\be tiM taka tor pra1nat10111-

43 

Ten 8.eds froa beaT3' and l1e;b1f srollpa were eo ... 

011 9th Hay 1978 and t.he vial was repeated at, JIIOl1thly 

intervals till Augu.s1f and \hen in tbs 8)ntha ot 

.ove.bar and Deoeaber. 1o sowing was done du.r1ns tb8 

rema1l1t.rag IIOnthe. as tresh •• eds were ftOt available 

dur 1nB tho.e JIIOnth8. 

Th. number of day. taken from oOllllR8noe.nt to 

completion of germination and the peroent.age of 

germination in each of the aDoye oategor1aa obtained 

under e.oh _nth ot sow111g ware reoordad. 

1.2 GerJlination as att .. ""A b7 41fterent _tbod8 
ot st.orapl-

The aeeds from each srollP were atored in .,18t 

sand and _ taUo tiDa for 15 and 30 daY8. The to lloviD& 



tive trea'illen1ia were bIoluAed in this stw11. 

Treat.ntsl 

1. Sowing .. ec1a J.Jaa.d1ately atter h&rYest. 

2. Sowing 15 days after storage in moist sand. 

3. Soving 15 da,. after storage in _tame tin. 

4. Sowing '0 dalS after storap in mo1at sand. 

5. Sowing.,O days atter storage in metall.te tin. 

The germination percent. and nWlber of <.13.1a 

taken tor aprouting were recorded aeparately tor the 

two clasaes of seeds as desoribed above. 

1. '3 Eftect of treatEnt of a8eda wi t.b. gibberellio 

8Oidl-

Fu.lly matured .8.ds were colleoted in April 

1979 and soaked in gibberellio aoid solutions of 0, 50, 

100, 200, 500 and 1000 ppll oonoentra tiona for O. 6, 12. 

18 and 24 hours. The nwaber ot replicat,ions was six. 

Seed soaking treatments took plaoe at, roo. temperature, 

~ .!. .,·0. Twelve aeeds were l188d for each treatment 

whioh wr8 sown on raised bee undar shade. The data 

on per oent of seed germination. and nuber of days 

talten for germination were reocrdad separatell tor 

8aoh treatment. 



1.4 RelatioJl8hip between the weight. ot ••• ds and 

growth of 'the ... dlJ.Dp in the JlUraerYI-

The follow1q grovth paramet.ers of the aee411ngs 

were measured at IIOn'ihly intervals (tor t'WO montba) in 

heavy as well as light gr'Ollp. and were oompared. 

1.4.1 Heigbt:-

The height of eaoh seedling was measured trom 

oollar region to the tip. 

1.4.2 G1rtJ:lI-

The girth of eaoh aeedl1n& was measured at one 

oentimetre above 'the ground level. 

1.4.' N'wnber of leaves.-

The number of lea~8 produoed in eaoh .eedling 

was oounted. 

1.5 Effeot of glbbere1l10 aold treatment on the 
growth ot t.he ••• dlirlpa-

The growth parameters as indicated above were 

reoorded tor each treatment at '0 and 60 days atter 

transplanting. 
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2. y •• t'il.,. PraP .. iUR' 

NutJeg 1s a d10801o\18 tree a wh1ab the sex 

oarmot be 1dentif'1ed until flowering. Besides. an 

ef'feot1ve met.bod of' vegetat1ve propagation will enable 

the production of' presenies pos ••• sing all the 

benef'101&1 oharaoters ot superior aeleotlona. 

Vegetative progen1es also 00_no8 baa:r1ng earlier 

t.han seedling trees. as in the oase 0 f many 0 ther 

nge'tat1ve1, propaga.ted plants. W1th the above 

objeotiTe. the following methods ot vegetat1" 

propagation were tr1ed. 

2.1 Inarohing& 

The stud1es were initiated a the month ot 

April 1978 and repeated at JIOnw.y atervala for t.n 

montbs. 

Nutmeg seedlings ot about 1. - 2 years in age, 

having a. stem th10ltness of about 20 - 25 mm were used 

as rootstook plants. Twent,. grafts were prepared ill 

8aoh month. A half cut was -.ae after about one and 

a halt months 01' the operation. Bueoe.stu! grafts 

vera separated at tb8 and of about t.bree months. The 



top portion ot the rootaioolt plant was out ott at the 

time ot separation. The .. perated gratta were plaoed 

under shade and watered regularly. Some gratts dried 

up atter aeperailon. The final oounts were taken two 

mont.h atier separation. By t.h1a t1me t.ne unsuooeastul 

grafts could be identitied. 

The growth data. ot the grafts were compared 

wi th that ot seedling plant. ot ... age and were 

reoorded two weeks atter .. ,eration and tw mon'tb8 

after establishment. The _aa he1lht, girt.b. of the 

stam, mean number ot branobea produoed and 1ihe _an 

IlUIlber ot 188'9'8S ot suooea8ful grafts were recorded. 

a.n4 oompared with mean yalues of the above ~tera 

of ten seedling plants. 

2.2 SIde ~a.ftln~u 

The trials were in1tlated in June 1978 and 

completed in January 1979. Ten grafts were prepared 

in every lDO!lth, using KJrut.loa tralZM' aaedlings 

ot 8 - 12 months age as rootstoolta. The twigs used 

tor aide gratt~ vere ot abou.t nille IIlOnths 014. 

These were preoured by outttac ott tbe major port1on 
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ot the leaves, about. t.wo weeks prlor to the date ot 

grafting. This was dollS to aotl'f'ate tbe dormant bwls. 

Two parallel. O\1t.s of about olle 1Doh long waa 

made on the bark ot the atoOk. Then a horlzontal 

out vas made 1n. the upper end ot the parallel out. •• 

Thla would enable the peeliag of the bark at the time 

of grafting. 'l"he soion Moots of about 10 - 15 om. 

long wre inserted 1n1fo the lifted berek, atter g1 ving 

a wedge shaped cut oorresponding to tbe length of the 

bark on the stooke The solon and the root-atoolt were 

bound togetbsr with a po17theae tape. (Plg.l.a). 

The grafted plan,s were kept in 8ft enolosed 

polytb.ene chamber 'to pro'f'lde a humid at.8phere to 

tne grafts. The hua141 ty wlde the ohamber was 

maintained at saturation point by spraying wa.ter into 

the anaabar thrloe a day b1 lift.ing po17thene troll 

one 81de ot the ohallber. Atter the spray. the loose 

eDds ot the pollt.b.eM sheets were plastered wlth 

wet.ted soil. 

Xbe grafted shoots began to sprout in about 
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a months tiDe and they vere ta1ten out froll the hum.idlt.l 
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ohamber. The top port,loJl of the stook plant,s were 

ou t 0 tf and the grafts were t.hen hardened by ta.ld.Dg 

them out of' the hWll1d ohamber tor short, periods 

1nittall, and bl inoreaaing the time of exposure 

gradually tor a period of about two weeka. 

2., Veneer grafting: 

The trial. was st.arted in Mal 1978 and repeat,e4 

at monthl7 intervals for a period of eight IIOntba. 

Seedling plants of about 1 t - 2 18&r8 old were uae4 

as roots took. 

Seleotion of solon stiok is wr, JJaportaat tor 

the sucoess of this met.hod. The sOion stioks ,,"4 

were terminal or lateral shoo t8 0 t 7 - 12 oa lorag aa4 

usually of penail thiokness. The degree to whioh \he 

terminal bud has developed g1ves 'the 'be., tnd1oatloll 

as to its suitability. A swollen tera1nal bwl t.bat 

will burs t in 10 to 15 days is 14eal. This 1. ..aured 

by out. ting ot three quarters 0 t the leaf lam111& of 

one season old dormant shoots about two wejta before 

grafting. 
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Tw types of shoot. ued as soion were - (1) tho •• 

arising trom the ad .... n'ltloua buds on the s'e_ or maJn 

branohes of the mother tree and growing Tertioally and 

(2) those grow1r1g as lateral branohes. 

Having seleoted the rlght type of root-.toolt 

and 80101'1, a s18llting out of about 2.5 om long vas 

given on one side of the stell ot the stook and the 

bark along with wod is ramoved by giving another oblique 

out. {Fig. 16~ • Oorresponding ou.ts were made on the 

80ion shoot at the bottom so that it wl11 tit in tile 

ou t .. de on the stock. The soion is then pla.oed in 

suoh a way that the o8llbia of both stook and aoion 

come in olose oontact. It was then wrapped tightly' with 

alkathene tape of ·200 - 300 gauge thlo.ltn.ess. 

The se grafts were also kept in hwD1d chamber 

made of polytbene film and watared regalarly. 

Jhen the soion begins to sprout in about three 

weeks, the top portion above the graft union of the 

root-stock was removed, thus foroing t.h.e bu.ds to grow 

more rapidly. The plastic wrapper is removed after 

about ODe to tw mnths. 
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The sprouted plant.8 were hardened in the 8ame 

manner as in the oase of side graft.s. 

2.4 Wedge gtaftingl 

The trlal was inlt.lated on "rd January 1979 

and repeated six times at torU1sJ1tl1' intervals. Ten 

graft8 were prepared on esoh oooaslon. 

Seedlings of about one year in age, whloh are 

in aatlvely growing stage, .. indloated by pale green 

oolour of the shoots at the term1nal porti~na were 

used as root-stooka. 

SOion shoots were aeleo\ed from heal~ growing, 

disease free temale trees. Lateral branohes ot about 

one oentimetre girth with dormant bud were used. All 

the leaves were removed from the selected branch 

keeping one oentimetre of the petiole attached to the 

branch. These branohe8 ware allowd to remain as 8uoh 

on tile tree for 8 to 10 daya. 

Method of grafting. 

:r'bs top portion of 'the fresh growth developed 

on the stook plant waa deoap1tawd w1t.h a knife, at a 



helght of 6 - 8 oa ot tbe tresh at.em. The s",ump 

was 8pll t into two to a lengUl ot abou", , om. trom. 

the ilp. The out portlon will look l1lra a tork or 

the letter tv'. Pre-oured _loa aoots ot 'tbe same 

tbloltn8ss 88 the stock .tUllp and aboui 8 - 10 Oil long 

are used tor grafting. The lover and 0 t the solon 

stlok 18 out 1n'to wedge shape ot about , oa long by 

giving slanUng outs troll bo'th s14.8 (FiB. 1 ,c). The 

solon wedge was then inserted into the oleft on 1;be 

stook and seoured firmly with traasparent poly theM 

strip, 2 om wide and ot about 200 sause th1okneS8. 

The prepared gratts were kept in hU1l14 Ohamber made 

ot polytb.ene :tilmand watered regularly. 

After fltteen days. tbe gratts were extlained. 

If the scion remained green, lt meant that the graft 

was a sucoeS3. However. new flush wlll re-emerge 

wi'\h1n about. a month t s "iDle froll wtlioh only one 18 

retained. The sprouted plaltts were hardened in the 

same manner as in -c.ba ease ot alde-gra.tt. 

One month attar the produotion ot new flUSheS, 

tn.e length, girth and number ot leaws were noted 

along wi ttl the peroentap ot au.n'iY8l. ot gratts. 
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,. Bu4dlyl 

The trial wae do_ dur1D8 a perlod ot six 

montba, atarting troll MaY' 1978. lfut-s .eedlings 

of one year in age and ua1tora in growth were used 

as roo't-stoolt and the bw1 wood (Solon) was taken 

from one aeason old shoot.s ot vigorous feaale 'tree. 

having unaprouted dormaat. lN48. The budding was 

done by lorkert Jl8tbod as c1eaor1bed belove 

A her izontal out ot about 0.5 om was made in 

the bark at a helght. ot 15 om on the root. ... took. At 

t.b8 two ends of the out., tw parallel vertioal outs 

were made upwards 80 that the tlap of bark oan be 

oarefully peeled and lifted for insertlon ot the bud. 

Immediately after thla, the bw1a were taken out from 

the aolon atlolt. just. leaviDe a ruaall portlon ot t.ba 

petlole. The prepared bud pieoe to fl t into the 

11fied bark portlon was warted in the atook. The 

bud vas coftred with the bark flap _de prevlouslY' 

on t.h.e stook, 1It1ioh covered t.be wbDle bu.d. The wbole 

ot the operat.ed port.ion waa GOyered with poly-\hene 

t.ape ot about 200 sau&8 (llg.1.4). 
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FOR l<ERT B UDD1NG 

-4 

I,B - PRE PAQIN(; T~E E,;TO(.K 

~..4 - PREPA~ED BUD 

5'- BUP INSERTED. 

~ - ,'ED w/Tfi POLYTHENE STI?IP 



Atter about three weelta. the po11t.beu oover1q 

vas unwrapped, the nap ot bark was lUted and the 

bwl was axa1ne d. In the oaee 0 t suooe8.:ful bud \lIllan. 

the bud plaoe remained green in colour, in whioh oaee, 

the bark was out, ott aad the bud pieoe seoured to the 

.took 11 pol,tbene tape. 

Statistloal analY8is. 

Statiatloal analysis of the data was oonduoted 

using the analysis of va.riGnOe teohnique as suggestea 

by Snedecor and Ooohran, (1967). For \he comparative 

study of growth parameters of 81"atta and seedl1nga the 

students' tt,' teat was applied (Snedeoor and OoOhraa,1967). 



RESULTS 



The d1fterent. "peo'" of propagat.lon of ft\1'tm11g 

Whloh weJ"8 atiW1184 dDrJ.as \be ooune of t.heae 

J.rl'nat.lgat,lona are present-ad _10\11-

1'he ditterent. taowrs wh10h a1'taot t.ne suooe88 

111 aeeet propasatlon are gerlll1nat.loa Wlder d1rferont 

oond1 t.1one suoh as tb8 tJ.me of aoviq, tile t1me \akan 

for germ.l.rlatlon _d t.b8 per104 of a1orage. Tl18 ett.o1',. 

ot t,re~ltment. vl1ib. iJA were also .''Wi18d. :"itu.dlea ware 

:1180 md8 reprd1ng tJla rela'lonah1p be tween tJla waiSlt. 

of tb8 seed and the grovt.b. para.ten lJ..iQii he1ght of 

tJle aeedl1ng, girth ot tbe stem and the aumber of 
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leave. prodW:ted wblob. were lndica'1..,. of aeedl1ng vllour. 

1.1 GeJ"ll1na~lon as aft.Olad b7 tbe t1me of aoW'1ng 
and tbe t1ma l,t1lc8n tor gerldnat.1onl 

The main paz-lode during \Dle !lU;t.-e; seeds are 

a:n.1labla for lla'r'Yost are from May to"u.gaat. and 

·!oWJDber - Deoember. As al.read¥ 1ftdloatad aa.rl1er. 

th@ seeds wra grGllped 1rlto t.,., M1Il oategor1aa, D.9aily 



baavl "ada wlj;b1n.g 9 , aM _re and light s8e4. 

bavlng a w1gbt ot led t.bal1 9 g. IIhe peroent,8&8 

ot garm1na\lon und.er trbe abo.,. two groupe and \be 

t.ime taken tor aprouUng dur1n& dlrteren\ tlDntba 

of 30wlnb are preaenwd 1ft Table 1 and Fig. 1. 

It. ., be seea trom. table 1 'LilAt there 18 

slgnlfloant difference 1n the germJ.nat.lon peroent.age 

between the be::.lVl and l1gbt aeeeSe and~lso between 

tone 41fterent months of sov1ng in the 0888 of hea'V'1 

seeds. There ls slgft1.tloant 4UtereaoG be t\leon 1.be 

heavy and llgh t grouPli. 
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~ll. 111gi.laat peroen~ of germ1nation 1n bo1Jl 

the g:l"O\lPG ware obt.alned dur1na tbe month ot .Tune 

rmd t.ba I.!l1.n1JuD. was· during 1he _ntha of .4:i.lgust anA 

Deoember. In 1'813p80t of tb8 \lIB taken for germ1na.tlon, 

11. was quiokBr during t.he _nth of ,1u.n.e a!ld t.b.8 

maxlal. n.u.mber of days t<uatn .. 60.'..1 dur1n8 tne mon'tJl 

ot Deoembet" in the heavy &rOup ana 64.76 111 Al.I&\W1:. 

sovlng 1n tbit oaae of 11gbt sroup. Th:.w tJle dat.a 

revea.led th :~:t t.lle Milt t1me tor 80~ seeds vas in 



during dltterent .,n1'.ns. 

~'lontb of sowing 
I'li}roontage of N'ulaber ot 4ay8 t.akeJl Mean. peroellt.ap 
gerll1natloD. tor prllluat.ion or prll1nat.101l* 

.. ___ -. ___ ............... ~--- ....... --------.-......... -------... -- •• I ••• - __ -~---.. 

Heavy Ll@';l\ aeayy L1e;bt, HeaYI Light, 

May 1978 60 45 59.00 60.60 4'·' 1 ~ ,,~. v 3'.58 

tJu.ne 1978 65 52 "5 6, ') . 57.62 49.89 )4.29 

July 197B 62 42 57.00 00.08 41.49 30." 
AueWJ' 1978 50 '55 57.~ 64.70 35.44 21.66 

lIoftilber 1978 52 40 57.80 62.80 -,6.66 29.95 

Deo::!mbor 1978 51 '5 00.50 6'.10 '5.84 27.18 

F te., ~11g 3J.a ~)1g IfJ 

.J.J 0.05 :,' 2.61 2.69 2.02 -



! 
! .-

"'0.,;.,. " 
,. 

t.,"' \,_ 

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

p---.----_4 HEAVY GR-':'UP 

li------+( :"\:;HT <:!:tROUP ; 
i 

_. __ .. ___ " ____ . _____ . _______ .. _. __ . ____ ' ____ _ .... __ ~_J, 

----, 
C cc.: 



Ju.ne Wen lb. peroent.a&a of pJ"llinat,lo11 waa hltilest 

and the IlWIlber of 4aya 't.aiten tor t;.~rm1n.atlot1 vae tbe 

a1n1mwa. 

1.2 Gera1.fV.l,t.lo11 .. atteot,Q4 It" 41fteNnt. 1II1.ho4a 

ot atoraae. 

s\orage in _1st. eand BIld meW10 ,iDe tor 15 aA4 -,0 

da,Ja reapeot.lvelT. 1'b.e peroont.ap ot ~t.101l 

ob\a1rled under the above _\bod. ot .toraga 1n bot.h 

bGavy and lJ.gbt groupe are giV81'1 1n Table 2. 
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The daM Sl»W tbAt. 1be hipe' pvoeaw.ae of 

germ1naUon was obta1Dfld Wlt1er ,"a\llea' 1 (Sow1n6 

lmmedlateq after hamet.). Storap under _1st aara4 

vu next baat, 1n both \be &youpe, gi'f1Dc 46.1 par .. t 

germin.a'lloa in the oaae ot .be.., .... aIlt1 '1.1 per oen.' 

1n the 0&88 of llgb.t .848. UMer awrap 1a _t.al1O 

oonta1ner,}, ~ germ1rlat,loll peN8Iltaae waa oou1derably 

1888, being onl3' '5 per Gellt .la the hetl'f7 poup and 

20.1 per oent 111 \be l1gbt ....... Un.4er Veau.a:t 5 

<aovn '30 daye after etorap 1Jl -\8D.o UA) taw 

peroen.t.aae of ~t.101l wae .,.rJ' low (.18.2). 



Table 2. Mean peroeJ'ltage of pra1rlat.101'l UDder d1fterent. _1boda of st.orap aad t.be 

ft11lDber of days t.aiU:Jn J:or germ1na 1.1011. 

treat.- Peroentap of Tfllllber of da7a Mesa peroen tags of 
.ent. Xreat.mnt. germ1na t.101l taken tor ger- prainatlon .. 
N1uuOer 

-.~....--------
m!llc1L. __ 

-. ........... -------.... .-.- .............. --. 
Beavy LlSlt. Heayy Lipt. Heavy Light. 

1. Jow J.mtae41atel,y &ft.r 
b.ar'gest. 60.0 42.0 57.28 60.84 49.89 40.15 

2. 00_ 15 days aft.er 
.\or... in mo1st. satd 46.7 ,1.1 50.01 55.08 .'.08 )4.21 

,- Sown. 15 clays an.r 
a'lorap 1D. -t.alIlo tJ.a :55.0 21.0 62.40 65.15 ".22 26.n 

4. SO. ~ 4&18 ~t.er 
storage ill _18\ aaa4 35.0 20.1 52.71 56.88 36.22 26.'2 

5. So~ 30 cla,ya &fear 
atorage 1D. _tamo t,1r1 23.' 14.0 65.92 68.92 28.78 22.50 

J' \ea" ~a.g S1g 316 ;j1g. 

OD O.05Sr 2.38 2.46 1.86 4.78 
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Tllaretore, lt 18 'best w .ow \be eee. 800n aner 

hSl"wtI.t. It 'Chis 18 _, ,08811»18 du to any reason. 

the next bast -t.hod 18 '\0 s\ore the ... ds 1a _lat 

sand by whlQh t.be .,1a.1t1l1'1 0" be retained tor about 

15 daya without ."h re4u'ioll 1Il pra1D.atlon. the 

storage 1n _t.al1O t1Da relNl.t,s 111 __ taa1,lal 

"duo1,1on in germinat,lon peroentap 8Ild theretore lt 

oannot be reoommended .. 8Il etteotl". _ibod of •• e4 

8 torage tor nut-B_ 

It -1 alao be aeea from the abo". t,able tJlat 

t,he number of 4al. talten tor pra1natlon was 1I1rt1awD 

(50.01) in veat.ment 2 <.ov1rls 'ttbe ... 48 15 day8 atter 

storage 11'1 Il10181. a8lld) aa oompared t.o 65.92 daya 1n 

\he case ot uoeat_nt 5 (sown }O da,. after 8torage 

in met.all0 tin) in tbe bea." aroup. In \l)8 11gbt 

group aleo. treat_nt 2 .ole: \he -SaSlIlJI IlWIber of 

day8 (~)5.08) for gerJD1aa'loll .. compared to 68.92 in 

treatment 5 (Fl,.2). 

It vas alao .. en t.ba' ihe _an. nwaber ot day. 

takBn tor gerainat10n 1ft. "he 0"8 of trea.tment 1 

--1.1 sowing 1Jnmed1ate17 &her barYea" vae s11ghU7 
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more than in the oue ot Veat.aent. 2 18. a'k>rap 1n 

Il10181, aan4 tor 15 4&,.. Th1a 18 perhaps due to \he 

tact. that stor1q WIder -lat san4 1s pro.,ld1ng mrs 

or lead the same or bet~r o0n4itlons tor germinat.ion 

aa in tn. seed beda ot treahl, barYestAd seeds. 

1.3 ~tf80t, 01' trea~nt, ot _48 wlt.b. gibberelll0 

aelA. 

Treatment ..,lth t.ha plant, growth regulatora haft 

been found t,o be efteotl"18 in obtaining better 

prtn1natlon and 81ao 11'1 t.b.a 1a1t1al .t,aae8 01 growth 

in the oase of 11&1'1¥ plarlt.a. Among t.be d1fter8l1t. 

&rOwt.h regulator. 1188d, pbberelll0 8014 treatment. was 

found to be t.he 1I08t stteetl ... ill ... 4 treatment. 

Therefore the tollowiq atwl1ee were undertaken. 

, _,.1 Ett.ot of 8Oalt1Dg ... 0 1n gibberellio acId 

eollltion on gerll1nat,lon. 

Samples ot treablT h&r'feat.e4 •• eda were soaked 

in g1bberelllo aold solu.tlone ot 50, 100, 200, 500 

and 1000 ppm tor 6, 12, 18 sa4 24 boure. Xhe peroent __ 

ot germination obtaIned adler 41ft.rent Veatmenta 

WIre oompared with tbe oonvol (uro hour ot aoaklng). 

The data are presented in Table ,. 



Table 3. Mean peroantae"8 of germ1na.tion under different oonosntratlons for d1ftereftt 
perloC\; of soaking. 

Trea\rnent. flours of 

Percentage of germination under different oonoentratlou __________ ......--. ......... -.-......-.-..... _....-_ .. _..2,~~,.. ... __ -.... _____ .. ....,..~._...-....._.-.....~ 
No. soaking 50 ppm 100 ppm 200 ppm 500pplll 1000 ppm 

1. 6 31.0 (;3.78) 36.5 (37.09) 39.3 (;a.8O) 48.7 (44.23) 59.5 (51.50) 

2. 12 39.' (38.82) 39.' (38.82) 44.7 (41.9') 54.0 (47.30) 43.2 (41.50) 

3. 16 48.9 (44.2,) 51., (45.77) 54.0 (47.') 48.7 :44.2') 33.1 (35.51) 

4. 24 59.6 (50.61) 61.0 (51.}8) 75.0 (60.1) 44.7 (41.9') 29.1 ('2.84) 

.F test Sig Sis Sig N,j tiig 

CD O.O5~ 4.48 4.05 4.;0 - 5.01 

Transformed da'\a are given in brackets. 
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The data ahowd \bat the h1ghe.' peroentap of 

germ1na tlon was 0 bta1ned (75) when the "ads were soaked 

for 24 hours 1n 200 ppm glbberelllo sold as oompared 

to the mean per Gellt gerJllnatlon of 51 obtained in 

the oase ot direot 80W ... 48 vlt.bout an, plant growth 

reguJ.ator trea Uient (v1de f-1 1n Table 2). MiniA. 

germ1natlon ot 29.1 per oen"t was re00r4ed in the oue 

of treatment ;,iith 1000 ppa gibbereUlo 9Oid, the 

soalt1.ng time being ~,1· hours (.Fig.').l'M data also 

show t.ba t tbe peroentap ot gera1nation waa 1noreased 

as ~ time ot soak.1ng was inoreased in Nspeot of 

130, 100 and 200 ppm oonoen1ratlona, \b1l.e it waa 

1'8duoed in t.be oasa of 1000 ppa oonoel1tratlon. 
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1.3.2 3tt801. of glbberelllo acid on the t1mB 'talala for 

germ1na. tionl 

It was ibund that the t1lle ~n tor aara1natioll 

was a.l:3o affected by gibberellia acid treatment. The 

nWAber ot days takBn for pralnat,lon 1ft the oase of 

seed. treatment tor different periods 1ft different 

oonoen1Ara.~lona are prsJfJatoad 1n table 4. 

It may be 8een from Table 4 \bat the minimum 



rable 4. !'umber o~ day_ t.a.iten for geraina tloD uader ditterent 
ooaoentraUoJlS for dl~t.rent perioda of aoald,ng. 

Ho .... Oonoeatratlona of glbberell1c 8014 
7reat- of .........-~~~..-. ........... -------- .................... ---... ~ ...... -----.... -
.nt _K-
IlO. 1ng 50ppa 100 ppm 200 ppm 500 pplt 1000 pta 

4 ... -
1 6 5'.2, 50.16 48.67 49.78 49 • ." 

2 12 50.'" 48.88 4",.68 48.67 41.15 , 18 44.82 47.9' 45.1' 45.00 44.67 

4 24 46.80 47.08 44.00 47.55 45.65 

P 'test 5ig N8 S1g :pro:) 61& 

Jj) O.O5~ ,.62 - 2.71 - '.17 



time tai:en for &era1aat,Joa was in t..b8 oas. of aoald.rlg 

seeds tor 24 houre 1D 200 PpIIl gib_rellic ao14 (44.0) 

followed by 44.67 4&J11 1a tJle oase ot 1000 PpIIl 

gibberellio acid. 'the soaJclng tl. being 18 hol..U'8. 

In traab.ly .own aeeds without GA treatment the 

m1l1la. 'time taken for prmlna;t.lon vas 59.06 dBya 

given in Table 2. The _. value of X, (ot heavy 

and 116bt pede). 

It may be seen that the ... cts .oaked in 200 ppm 

gibberellio acld solu.t,1on for 24 hours ni[1lU1oantly 

redlloe4 '&be t,1ma taken for germination. 

1.4 aelatlonshlp betV88Jl _1Ft. ot seeds QDd srolAtl 
ot aeeUin@' in 't.be mar.v", 
The growth ot _411np obta1Md from heavy 

as well as 11ght seeds waa atu41.d 8I'ld ooapa.red. 

The helght ot the e •• dling, g1rtb ot the atem and 

the number 0 t ].eaves of t.he ••• 411rlgs. 30 days and 

60 days after 'traaaplaatlD& were reoarded and the 

claW. are pre.ented 111 Table 5(a) a.rui 5(b) respootlvel,J. 

l'he dat,a show that Oft the 30th and 60th daya 

after tranaplallt1ng, the help' of the seedlJ..np was 
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max1aul under trea\1II8Ilt. 2 1n the 0_ of M1l'Y, ••• 48 

and 1a 'ttreat.D8nt 1 1n 'the case ot 118,b.t seeds. 

tiowaver \be UtteNftOe8 ,.re not statlstically 

signifioant. Ihe alaS .. .b81~t was reoordea b,f 

t,rea'tment 5 at. tbe end of 30 days and e:t tbe end ot 

60 daTa 1n re~;>&ot. of be., ... da. In 1ib.e l1gbt 

grou.p, treatment ., and va .. t.nt. 4 regl:3tered the 

minimum height on the ~tb. 8ftd 60'Ul da1S atter 

t,r~U'I8plant1ng re3peotiw1.r (F1g.4). 

It. -7 also be aaea from tbe tables 5( a) and 

(b) that in reapeat of the gir'\b. ot t.iw G~e •• there 

vas alg1l1floant. cUttereJlO8 bet,.._ \he seedlin~ 

troll baaV1 and l1ght. group ot aeeda. Bu.t ,.J'l thin 

the group, t.b.e dUferenoe. were not at.atiaUoall,J 

u1gn1tloant. l'reat_nt 1 reoorded t.be maxl •• girth 

at the end of '30 4&3'8 .. well aa 60 daya after 

transplanting in both the groupe. The m1n1mu.a girth 

was rooorded br treatMnt 5 1ft hee.v, and light group 

of seeds bo~ at the en4 of ~ and 60 daY'S atter 

vJMlSplant1ng (Plg./~). 

The data f5b.oved tl».l' 'the treau.nts did no' 
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:fable 5(&). H81ght. girth. of atem and nwnber of leaws ot aeedllnga Oil the 30th 

day 0 t trauplant1ng. 

Treat­
UBnt 
tfo. 

1 

2 

4 

5 

Sowing 1mmedis:te13 attar 
ba.rYeat. 

Sov1rl& att.r 15 claT. 
storage 11l _18t. aaa4 

Sovlns after 15 4aJa 
at,oraae 1a _\aJ11o tin 

sov1ns after -,0 4...,. 
at.orap 1ft lII)1st sand 

3ow.l,"lg attAr 30 daya 
storage in matalJ10 tin 

II teat. 

Height. Girth No. of 
(om) (om) leaves it 

14.51 1.04 (1:1~) 

14.74 1.02 2.~ 
•• 5) 

14.'1 1.02 (1:g~) 

14.55 1.02 
2.6~ (1.6 ) 

2.67 
13.68 1.00 (1.63) 

Ne lfa Na 

Be1gt$ Girth No. ot 
(om) (om) lea ... 

14.22 0.99 (~:Z~) 

14.08 0.98 2·tt (1. ,> 

".54 0.99 2.~ (1 • .,) 

13.58 0.98 (1:1) 

".74 0.98 2-1' (1. 5) 

"a 'fa Va 

*The data were transformed by using square root transformation and are given in the 
braokets 



Table 5('b). Height.. glr'tb ot stem aad number of leaves ot aeedl.1Dga on 60th day ot 
u-auplant.1ng. 

-------------------,-"_._--------
Treat­
mant. 
No. 

1 

2 

., 

4 

5 

30w1l'lg laaeci1at.e1, af'ter 
ha.rfta' 

Sov1DC att.er 15 4&1'_ 
ato..,... Sa _la\ .... 

SOV1Dg after 15 da.1a 
storap 111 ."t.allto \1n 

30wing after JO da.ra 
storage 1ft .. 1st. sand. 

Soving atter :50 days 
storage 1n metalUo Un 

• teat. 

!!el~t GJrih No. of 
(OJl) (1').) 18 ..... 8* 

20~51 1.70 
'.50 

( 1.86) 

20.98 1.67 (~:"i> 

'.42 
20 • .,6 1.64- ( 1.85) 

20.05 1.67 
'.11 

( 1.11) 

19.64 1.61 
3.11 

( 1.18) 

N~ ~iS HS 

3el_1' Girth lifo. ot 
(01Il) (011) 14& .... 

'.'6 20.22 1.5' ( 1.82) 

20.08 1.50 (1:~ 

, . .,., 
19.54 1.48 ( 1.82) 

19.50 1.50 '·m (1. ) 

19.7& 1.48 
,." 

( 1.82) 

NS l~ti 1f~ 

.'tha data were t.raDstormad by using square root. transformat.ion and an ginll 111 \be 
'braoJr.a t.a. 
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d1ffer slp1t1oan:'l¥ 111 both tae p-oupa w1 tb reprd 

to t.he IlQIlber ot lea.... at tbe end 0 t -,0 and 60 days 

o t t.raaaplan\1n8. 
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There was no alp1t1 ... , di.tt.renoe 1D reap"" 

ot he1ght and nwaber ot leafts 4v.r1n.& tJle f1rst two 

montba ot nursery growth. S .. 4l1ng v1gour was how'ftr 

retlaoted 111 reepeo\ ot the peroeataga ot gera1llat1on, 

t1JDe t,aken for germ1natloll sad t.ta.e girth of the 

8eedllraga at the elld ot 60 da,. betwen the haayy 

aDd 11811\ group ot seede. 

1.5 Effeot ot glbberelll0 8014 treaa.,:t Oil the 

growtll ot the 8.edlJapl 

The .tteot ot g1bberelll0 8014 troat.meni on 

three growth p&t"_tera. - name17 height 0 t tn.. 

seedlings, girth ot the stem an4 t.he nu.mber ot le&v8s 

produoed at the end of 30 dap &rl4 60 days attar 

tranaplantlng were reoordad 1IIbioh are presented 111 

Tables 6a, b and o. 

It may be .. en troll lable 6(a) that tbe -.x1BUm 

height ot 16.62 om and 24.52 oa at t.be aa4 ot 30 and 

60 days ot tra.naplant1n8 V&8 reoorde. 1D. the oase ot 
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glbberellio sold treataeat, at, a oo __ vat,1on .t 

1000 ppm for lIoak1ng ot 6 hours. oloaely followed 

by 16.37 om and 24.38 oa reapsotl".lT In t.be oae. 

ot 24 hours soaking 1ft 200 ppm glbberelllo aold ('1&. 7 ). 
However lt, -7 be polnt.4 out, that, in respect of tne 

peroent,aaa of gena1na'Uoa, aa.cl the t1l8 taken for 

germinatlon, aoak1ng tor 24 hours in 200 ppm 

gibberellic &Old vas tbe Dest.. T.Mretore that 

treataent 1. to be preferred rather tban tbe treataent, 

with 1000 ppm g1bberellJc &Old aolut..t.on, as tb8 

dl.t~ereDOe betwen t.be 1,1110 Veat..llte ln respeot. ot 

helght W88 1nalgnltloant. 

Tile da.ta presented 1D. Table. 6(b) and (0) 

re".aled that t~re were DO .!p1l1oant dlfterenoe8 

between the tU.tterent t.r8at,mEllte 1ft reepGot ot the 

girth ot the s •• dl1nga and tr.he ftUIlber of 18a".8 per 

seedling at the and of 30 an4 60 day- ot growth in 

the nursery. In re3peot of both these ollarao'ter., 

soaking tor 24 hours in 200 ppm i1bberelllo sold 

solution ranked lirst or vera 0.11 par wlt.h tb8 t.reat..nt, 

soaking tor 6 hours, in. 1000 ppa 81bberelllo aold 

(Fig. S 8Zld 9 ). 



Table 6(a). Etfeot. ot dltterant. oonoantrat.lona ot gibberellI0 a.aId on the height. ot the 

seodl1ng3 at. ~ and 60 days ot tranaplrnt.1ng. 

Hel8tlt. ot tbe seedl.1nga ( om) 
Conoent.rations ot glbberelll0 BOld 

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

Jl. Hours ot 50 ppm 100 ppm 200ppJll 500 ppm 1000 ppm 
"fo. soak.J.ng ....----~~--... -.-..--.... ~~ ... .-,..-....-.----......... -------. ..................... -..-.-.......-.-~------... .-. .. -~ .. -.............. ---...--

)0 60 30 60 30 60 30 60 ;0 60 
days days daY'S days day. day. days days da18 day-

1 6 14.12 22.12 14.67 22.10 14.29 22.79 15.2' 2'~.O7 16.62 24.52 

2 12 14.36 22.38 15.62 23.45 15.57 23.20 16.01 24.36 16.10 2'.95 

., 18 14.'58 22.68 15.75 23.92 16.30 24.29 15.81 23.81 14.88 22.88 

4 24 15.06 23." 16.04 24.'15 16.37 24.}8 15.25 22.57 14.21 22.38 

f! test. ;;;lg 51& 8ig 3ig Slg 318 l\f~ tiS 518 3ig 

"'n 0 . , v .O5:\:, 0.47 0.55 O.frI 0.47 0.36 0.64 0.85 0.77 
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Table 6(b). r;f':teot. of 41fterant oonoentrationa ot glbberelllo :lOld on the girth ot the 

ate. of seedlings. 30 and 60 dal. after trauplant1nS. 

Girth of t.b8 s8edl1nga (om) 

'Jonoentra tiona () t gi bberelll0 ao ld 
~~---............... -------.. ~ ... .--................. ---~-~------.......... ------------.. ---.-.....-.--.. --- ........ -......... --........... 

31. Hours of 50 ppm 100 ppm 200 ppm. 500 ppm 1000 ppm 
~l() • soaking --~-...... --~ ...... ~~--- .... ...-.-.- ..... -------~------...-..-,------... ---....-. ........... ......-..-.. ~ ... ----.................... ......-..--------

30 60 30 60 30 60 ;0 60 30 60 
days days claJ8 4&.1. da;a day. dap 4B.18 da78 daJ'8 

1 6 1.02 1.10 0.99 1.10 1.01 1.68 1.02 1.69 1.01 1.76 

2 12 1.02 1.76 1.01 1.70 1.01 1.69 1.01 1.71 1.02 1.72 

, 18 1.00 1.68 1.00 1.69 0.99 1.70 0.99 1.71 0.98 1.67 

4 24 1.00 1.74 1.01 1.74 1.02 1.76 1.00 1.71 0.9' 1.6, 

F test N'~ Nil tl~ l't) N~ l'fS N'S ItS NS NS " 
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Table 6(0). Effeat of d1fferent. coMent.rations of gibbereUlO acld on the Dtlmber of lea ... _ 

of \he aeedlinga. 30 aDd 60 4&78 after t.ranaplant1n&. 

'!fumbsr of leaves 
Oonoen'trat.lou of glbberel110 aeld .. ~ ............ ...------...--.-. .......... ------........ ~ ... ------~ ............................. ----_& ...... -.......... .........-....... -............. -.................................... ......-.. ....... 

31. Houra of 50 ppm 100 ppll 200 ppm 500 ppm 1 ('X)() ppll 
110. aoaJttJtg 

_~ ........ r.::HfIit __ .. __ ... ______ ._ .. _ ........ ___ ~~ ______ .. _ ............... ~_~ ________ ...... ____ .-~ .. ......-.-.-... -...-.-.-.... ...... ....-..--.-

30 60 }O 00 :;0 60 30 60 ;0 60 
day- 4a,.. dap de,. dalD da.;re @JU daya clap daya ....... " .. ..-.~~"""""".,.., -- ....... ..-.. .. .---~---

1 6 2.12 '.24 2.08 '.24 1.90 '.30 2.00 ".24 2.00 '.42 
(1.46> (-•• 00) (1.44) (1.80) (1.;8) (l.a?) (1.41) (1.80) (1.41) (1.85) 

2 ·'2 2.00 '.12 2.00 3.30 2.00 3.38 1.90 3.14 1.90 '.24 
(1.41 ) ( 1.71) (1.41) (1.82) (1.41) (1.84) (1.38) (1.17) (1.~) (1.00) 

., 18 2.08 ,.06 2.00 ".24 2.08 '.30 2.08 ,.~ 1.90 ".24 
(1.44) (1.15) ( 1.41) (l.ee)) (1.44) (1.82) (1 .. 44) (1.62) (1.36) (1.80) 

4 24 2.00 ' .. il2 1.90 '.12 2.08 '.40 2.00 ~~ 14- 1.82 2.90 .... 
(1.41 ) (1.85) (1.38) (1.77) (1~44) ( 1.84) (1.41) (1.71) (1.'5) (1.70) 

, 'ies't lfS !G NS Hd IS W !fS IS IS ~iS 

The data 'o"3r8 t,rr-.nsforad by waL:lt.> .. quare !'Oot, t..rana«ormatlott tor atat.la"tical analysi8 an4 are 
gi'V8D. 111 parentJleals. 
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Oonsidering all the 1.m.portant factors affecting 

seed germination, period ot viability and the growth 

characteristica. it may be cOllOluded that so6l.ld.ng the 

seeds !or 24 hours in 200 ppm gibberellio acid solution 

ranked first md was sigrUficantly superior to all the 

other treatments. 

2. Ve.atty. PmpyatioD' 

The results of the different investl£ationa on 

vegetative propagation of nut_g are presented belowl-

2.1 Inaroh grafting I 

This method ot grafting 18 su.ooesafully adopted 

in m&nJ' hortioultural plants. Therefore, this method 

vas tried in tne osse of nu'tMg in the present studies. 

1 t 1;0 2 year old nutmeg seedlings were used as the 

stock plants for 1narohing. In order to standardize 

the time of gra£t1ng. montbly trials were oarried ou.t 

from April 1978 to Janu.a.ry 1979. The remaining two 

months were left ou.t as t.he season was too hot and dry. 

for any propagation work. Twenty grafts were made in 

every month during the above per10d and the percentage 

of suooe •• ful grafts are presented in Table 7. 

?4 



Tabla 7. Percentage ot suooess ot inarch grafting. obtained 

in different Blnths. 

No. No. Percentage }!onth grafted survived 

April 1918 20 15 75 

May .. 20 16 eo 

June .. 20 19 95 

July .. 20 18 90 

August. .. 20 17 85 

September " 20 18 90 

October " 20 11 85 

No~mber 
Of 20 16 SO 

Deoember .. 20 14 10 

January 1979 20 13 65 

-....l 
c.n 



Xhe dat. show ,hat. 95 per aent suooess was 

o bta1ned dur 1ng the _nth of June and eo to 90 

per oent suooess va. obtained durtng the months of 

May, July, AU8U8t, September, Ootober and NoveBlber. 

Therefore it may De 8een t,ha, the 1narohlng vas highly 

suooesstu]. during the period tro- May to November 

(Pi8- 10 )_ 

Growth of inarohed graft,s 88 ooapared to that. of seedlingau 

Average height, girth of the stem. nUJllber of 

lea"'8. and number of lateral branche. ot the grafts 

were oom.pa.red with those of the seedlings 0 t the same 

age as that. of root-st.ooka. The oomparative growth 

aharaoters of both. the graf". and 88edlings are giftD. 

in Table 8. 

It is evident trom the table that. the a.verage 

height 0 t the seedlings vere slgn1tloantly h1gh.er than 

that of the grafts - bot.h a" ",. weeks atter seperatloa 

and two months after e.tabllsbJP8ftt. \~1 th regard to the 

g1r'th of the stem, there vas DO 81galt1oaat d1tterenoe 

between the seedlings and the gra.tt,a • 

.Regarding the produ.otloa of 188fts, the a.edl1nga 
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Table.t;- Comparative growth parameters of successf'uJ. inarch grafts as compared to the seedlings. 

----------------------------------------------------------------------------~------------~--------~ Two weeks after separation Two months af'ter separation 
------------------------------------------------------------------------------

l·lonth Height Girth Number of Number of Height Girth Number of Number of 
(em) (em) leaves branches (em) (cm) leaves branches 

S* G** S G S G .:'" G S G S G (' G S G v .;;) 

------------------------------------------------------_._------------------_.---------... -------------
April 1978 42 33 2.4 2.4 21 14 5 4 44 36 2.5 2.4 20 15 5 4 
May 40 31 2.4 2.2 18 12 5 1 43 36 2.6 2.1 15 13 5 ... , , 

" June 
" 38 30 1 .6 1.8 16 12 3 4 40 33 1.8 2.0 16 14 3 4 

July , , 32 25 2.0 1.8 14 16 4- 4 35 28.4 2.1 1.9 15 1 ~' 4 4 
August , , 36 28 1 .5 1.6 12 14 3 3 39 32 1.5 1.6 13 14 3. 4 
September 1978 43 32 2.6 2.2 18 16 3 2 44 35 2.6 2.2 19 17 3 2 
October , , 38 29 1.8 1.6 20 13 ·4 3 41 32 2.0 1.7 20 13 4 3 
November , , 40 31 2.6 2.0 18 12 5 1 43 36 2.6 2.1 15 13 5. 3 
December , , 33 26 2.0 1.8 13 14 3 4 35 30 2.0 1 .8 13 15 3 4 
January 1979 34 27 1 .6 1 .5 14 10 2 3 37 31 1.6 1 .8 15 11 3 4 

------------------------~--------------------------------------------------~---------------~~~---
t test S1g Sig Sig S1g Sig Sig Sig Sig 

-------------------------------------------------------------------------------------~-----------
* Seedling 
*lfIGraft 



ran.k~d first at tb.e tbe 0 t •• tab11sh1lent and the 

grafts were 81gn1tioaatlJ iaterlor to the seedlings 

in th1e respect. But in two .,ntha tille, the number 

of leafta ot the gra.£ts 0_ up'to the standard ot 

seedlings. 

In re.p8O" ot tbe JlWIlber ot lat.eral branohea, 

both tbe gratts and •• a411np reoorded more or lese 

same nWllber, :two weeks a.rter e8tablishment. 'rw 

month. atter the firat obaenation also the number ot 

lateral branohes produoed were one par in both 

.eedlings and grafts. 

Side-grafting was tried durlng a period of 8 

months trom June 1978 to the following January 1979. 

The number ot grafts done, t.he nWDMl" .1»oeede4 and 

the peroentage of suoce88 are g1'Ye in Table 9. 

It may be 8een troa Table 9 that 1ibe maxiDUJll 

peroentage of 8\100e8. vas obtained during the IIOnth ot 

July (40%) followed by June giving JO pel" oent 811008 ••• 

The Sl00888 vas relatively poor during the rema1n1n& 

months. 

?8 



Table 9. Peroent.age suooess ot side-grafts obta11'1ed during 

difterent mon1ll.s. 

Month NuDlber Number Peroentage of 
grafted survived 8\lOOeSS 

June 1978 10 , 30 

July " 10 4 40 

August " 10 2 20 

Septembar 10 2 20 

Ootober n 10 1 10 

November n 10 2 20 

December .. 10 1 10 

Ja.nua.ry 1979 10 1 10 

-



Growth of side grafts sa ooapared to the seedlings a 

Average heigb:t, gir'Ul of the stem, number of 

lea'Yea and number ot la'taral lranohes of the side­

grafts were oollpared with that ot tba seedlings ot 

the same age as the root a.olta. The oomparatlw 

growth ohar80wristioa ot both the aide-grafts and 

se.dl1nga are given in Table 10. 

It may be seen trom Table 10 that in respeot 

ot the ..... rage hel€tlt 8Ild girth of tba atem, the 

seedlings were signifioantly better than that of the 

grafts both. tw weeks after and t\1lO months after 

separatIon. 

Regarding the number of leaves and the number 

of lateral branohes, the grafts were s1sn1tIoantly 

interior to those of the .eedlings, two weeks atter 

separatIon as well as two .,nths atter separation. 

2.:3 Ve.er grafting. 

Veneer grafting was done at .,n'\b.ly intervals 

during a perlod of eight IIOn\h., .t.a:rting from May 1978 

to Deoember 1978. The number ot grafts done. the nwaber 

8UGoeedad and the peroentap ot 8\100e.8 are glven in 

Table 11. 

80 



Table 10. Comparative growth paraa tars of suocesstul side-grafts as oompared to t.ne seedlings. 

'fwo weaks after seperatlon Two months after seperation 
~--~--~--~~---~----~~-~~-------~-------~-------------~-----~--~-----------------~-~~~ 

Month 

JUIl8 1978 

July 

August 

September 

Oo\ober 

November 

Deoember 

JanuarY' 

iT test 

* Seedl1n& 

** Graft 

.. 
" 

" 

It 

It 

" 

1979 

Relght 
(om) 

.:i* G** 

21 1., 
19 14-

22 l' 
18 11 

20 12 

18 16 

19 1'3 

21 14 

Slg 

No. of 
Girth No. ot bran-

(om) leaves obe. 
S G S G S G 

1.6 1.1 '3 ., 1 

1.5 1.2 4 2 

1.4 1.2 5 2 1 

1.5 1.1 4 2 - -
1." 1.0 4- 1 -
1.5 1.1 6 2 2 -
1.4- 1.2 5 2 1 -
1.6 1.:; 5 2 1 

S1g 5ig Sig 

No. ot 
Height Girth No. ot br8l1-

(01Il) (om) leave. ahes 
S G S G :3 G S G 

2., 18 1.7 1 ., 4- ., 1 

21 18 1.6 1.4- 5 ., -
25 16 1.5 1.5 5 2 2 1 

21 15 1.5 1.2 5 , 1 1 

21 16 1.5 1.2 4 , 1 -
20 19 1.6 1." 6 4 2 -
20 17 1.6 1.' 5 2 1 -
23 18 1.6 1.5 5 '3 2 1 

Slg Slg Sig Sig 



The data presenied 11'1 Table 11 show that tlle 

month July was the most. ooagea1al t1ae for wneer 

grafting, giving 30 per oen,t auooess. It is followed 

by June and September, giYlag 20 per oent. 81100ess. 

The suooass was relatiftll' poor during tbe remaining 

months. 

Growth of veneer grafts as oompared to the seedlings I 

The oomparative growth oharuteri"tios (mean 

height, girth, no. of leaves, and no. of branohes) of 

both veneer grafts and "eedllns- are given in Table 12. 

It may be S8en froa Table 12 that the mean 

hei£IP.t and girth of the seedlings were 8ipifioantly 

hi£IP.er than that of the grafts, botb at ~e time of 

establishment aM. also two months after estab11ab.Dant. 

The production of laafis and lateral branches 

were also better in the oase of •• ~uU1ngs than in the 

uafts. 

2.4 Wedge grafting I 

\4edge grafting 1s suooessfully adopted in ~ 

bortioultural plants. In the present investigations 

also this method of grafting was tried six times at 

82 



Table 11. Peroent&83 sucoess of veneer grafts 0 btained durJ.ng 

different. months. 

Month 

May 1978 

Juna " 

July " 

August " 

September " 

October tt 

November " 

Deoember " 

N"o. No. 
grartad suooeeded 

10 1 

10 42 

10 , 
10 1 

10 2 

10 1 

10 1 

10 1 

Peroentage 0 f 
suooeaa 

10 

20 

'0 
10 

20 

10 

10 

10 



fab1e 12. Oomparative P"'Owth paramet.ers ot SUOoe8Stu.l veneer grana as compared to 
t.b.e seedlings. 

Moat.h ot graf't1ni 

Mal' 1918 

JUDe 

Jull' 

August 

Septe~r 

Oo'tober 

Wovember 

J)eoeJllber 

t teat 

• deecUing 

it* Gratt 

" 

" 
.. 
" 

" .. 
" 

At the t.1JDe ot establishment 
.. .-... ....... ..-.-~ ..... ----.. -----.-... .. ---.-.------.--

No. ot 
Heipt Girth tro. ot braa-

(om) (om.) leaves obes 
S* G·* ~ G S G S G 

20 12 1.4 1.0 4 1 -
21 " 1.5 1." 5 1 1 

22 14 1.6 1.2 4 1 -
18 12 1.4 1.1 ., 2 1 -
20 11 1.6 1.0 4 2 1 -
21 1, 1.6 1.4 6 1 1 

21 " 1.4 1.' 5 2 2 

20 12 1.5 1.1 5 2 1 

S1g Sig Sig Sig 

Two months a1'ter establ1shment 
.-.--.-.....---------~~---... -...--.. -........ ..-..-.... --

Wo. ot 
ReiSht Girth No. ot braa-

(om) (om) 18aft. one. 
S G S G S G S G 

22 16 1.6 1.2 4 ., -
24 18 1.6 1." 6 4 2 -
25 18 1.1 1.' 5 4 1 1 

22 16 1.5 1.4 5 , 1 -
22 11 1.6 1.2 6 4 1 1 

2' 18 1.6 1.4 6 , 2 1 

24 17 1.4 1.4- 4 4 1 ... 
22 16 1.6 1.4 5 4 1 

5ig Slg Slg 51g 



fortnlght.ly intervals du.r1D.g the perlod from 3-1-1979 

t.o 18-3 -1979 • The peroeD. t.aga of SUOoe8S 0 bta1ned in. 

this trial is presented in Table 1'3-" in. FI(,:l'L. 

85 

It may be seen from Table 1'3 that maximum. 8\100e •• 

of 40 per oent by t.hi. lleiho4 was obtained wbsn grafted 

on 18-1-1979. 010.e1, followed by gratt.1ng in the first. 

week of January and in t.he firat week of February. giving 

'30 per oent suooess. We. gratt.tng done during Maron 

18th gave tb.e miniDIIl pero.nt.ap of WOGeSS (1 O)~) • 

Growth of wedge-graft.s as ooJlp&l'84 to tAe seedlingsl 

The oOllparat.lw srovtb. par_tars of wedge-graft.ed 

plant.s and seedlings of ... age are present.ed in Table 14. 

It. may be seen from Table 14 ~at. tba me8l\ height of the 

seedlings were sil?Jl1fioant17 higher than that of graft.s 

at. Doth times of meaaureaent.. 

In respeot. of JD8811 girth, the seedlings were 

slgn1fioant.l¥ bet.ter 'than t.b8 graft.s at the t1.me of first 

o Dserva t.ioD.. Dut the grafts oame OD. par with the seedlings 

after two months of establlam.m. 

Seedlings had more nl1J1ber 0 f leaves as well as 

branohes than those of grafts at. both t.be t.1_ of 

me&aurement. 



Table 13. The peroentage sucoess in wedge-grafting. 

Date of grafting 

January :5rd 1979 

January 18th 1979 

February :5rd 1979 

Febra.ary 18t.h 1979 

MarCh 'rd 1979 

March 18th 1979 

!fo. 
grafted 

10 

10 

10 

10 

10 

10 

No. 
suooaeded 

:5 

4 

:5 

2 

2 

1 

Peroentap of 
succe •• 

30 

40 

30 

20 

20 

10 
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Table 14. Comparative grovt.h parameters of 811008as1\11 we4ge grafts as oompared to the .ee411Dgs. 

Two weeks atter e.tab11sbMD'\ Two months after establishment 
~-.. ...-.-.... --.......... --..... --....... ------.. --..-..... ---.......... -..... ...... --... -...-.------......... -----....... _-

No. of No. of 
Period Hel~t Girth No. of brq- IIelgb.t Girth No. of braa-

(om) (om) leaW8 ebes (om) (om) lea ... e. oha. 
S* G** 3 G d G S G S G S G ,~ .., G S G 

Jan.uaJ."7 'rei 1979 15 12 1.4 1.0 5 2 2 - 19 17 1.7 1.6 5 4- 2 1 

J 8Ill1Br7 18th 1979 16 14- 1.4 1.0 4 2 1 20 18 1.6 1.6 5 4- 1 1 

Pebruar7 3rd 1979 19 15 1.4- 1.1 , 1 1 - 2' 19 1.7 1.6 4- , 1 

February 181.b. 1979 18 l' 1.' 1.1 5 2 1 - 21 11 1.5 1.5 6 4 2 1 

Maroh "rd 1979 18 14 1.' 1.0 4 1 1 - 21 18 1.6 1.4 4 , 1 

Maroh 18th 1979 11 l' 1 • ., 1.0 6 1 2 - 20 11 1.4 1.2 5 2 2 

't' wat Slg Sig S1g Sig 5ig Sig Sig Sig 

* Seedl.1t\& 

•• Graft 



J'orltert budding vas 40ne at JIOJl'ihly inwnala 

during a period ot aix Ir)ntU. starting trOll May 

1978 to Ootober 1978. !he budd1np were prepared at 

a time IUld vere kept 111 _lat Ohaaber. The buds 

remained green during t.be period ot keeping the. UDder 

moist ooadi tiona. 'bl1t DOne ot the. eunl,"d when 

talteJl out of the _lat ooadltion. The JlUJDber of 

budding 401'18 and tll8 number of 't.&lte' in each lot are 

g1 ven belova 

Month • 0. bu.4ded No • of 'take' 

May 1978 10 2 

June " 10 , 
July .t 10 4 

A\J8US t It 10 2 

Septe.ber It 10 ., 
October " 10 2 

The above results indloate that budd J.ng -1 be 

~ooe.8tal provided the perlod of keeping thea under 

.,lst conditlone aad the pro .. e. of 'hardell1n8' thea 

are standardls.d. 



DISCUSSION 



DISOUSSIOlf 

The wlde popularl'tt7. \hat bad been earned by 

nutmeg as a money spinning '\rea sploe &mng the 

oultl'Vators or X'arala 1. DOW 41a UdehJ.rlg due 1;0 

se"feral problema whlOb. st,aacl in the vay of It. 

suooesstul oultlyation. Poor 'Vlabl11ty of seed8, hlah 

mortall t.y in t.he D.UrHq. clJ.oeoloua nat,ure 0 f the pl8ftt" 

extreme suooept.lbUl t,y to hot, weather and drougtlt. are 

SOlID of the major proble_ exper1eaoed by the growers. 

The present, inftstlptlou were undertakea to st,udy 

the dlfferent aspeots of prepapt,loa of the orop and 

to fiad out a aolutioa W \he problem ot ldentlfioation 

of the 88X 1n the mar.erl ._. It .. lf 80 as to a"f014 

the huge expendl tu,re 1Il~ lftd in growing the eme •• 

JlUIIber ot male Vee. upl.o '\he flowering stage. It i. 

also neoeasarl to 8~4&rd1se \he _thode of propagation 

lDiOh are found efteo,l_ aa4 pr801',18-_18. 

The results of t.he preaeat sadlas showed that 

the highest peroentap of aeraJaatlon ot 65 per aent 

vas obtained during the JIOn'th of June ua1ag .. ecla ltl10h 

are SOWll J.mme41atel1 atter bal"feat. It ls reported by 

Flaoh (1966) that. the germlDatloa ot au"g aeeda varie4 



from '5 to 70 per oent,. PerU (19'8) al.ao repor'te4 

that the prlllillat,lon ot at,Mg ••• da .. ary w1del1 

depen41ng on the oolleot,loJl. ot ... da from tree. of 

dUt.rent, 11eld group. uul trom temale 'treea lIIhloh 

are situated at d1fteren:t dlataaoe. trom the male 

trees. The posslble reaeona tor theae 4itterenoes 

have not been explained DI h1Il. 110 IJU.Oh relatlonship 

were found irt the preaent,etu4l... The atmoepb.8rl0 

hU.1ll1dl t1 and t.mperat,ure con41 tlona 0 'bta1ned durlDg 

the IIOnth ot June DL1gb.t be 1101'S oon4ua1ft tor the 

germ1aat1on ot nutMg e.e48 ae compared to t,ha't of 

t.h. reJl&1rdng montJl8. 

The dat,a also ahova4 'tthat, there waa alpJ.tloaa't 

difterenoe lie tween baa." &ad 11pt, ••• d8 both in the 

per oent ot pra1Datlon &D4 __ t,1M tak.n tor 

prll1ftatlon. RWD8 aa4 Co'b1a (194') reporwd that, 

amaller a •• da p.,. lower peroent,ap ot praJ.nat,lon 

aa ooapare4 to \b8 hea.,ier ... 48. 

'R'u.tmag ... da 10 .... 1 ... 111"7 qu1okly ••• p801ally 

it allowed to dry in the na. Th. • •• d8 ware .\ore4 

in two enviroruaent.. ..ls.. 1:a _18" 88Dd 8D4 111 _~o 

so 



b1na for 15 and 30 4aJII aa4 'tball .. va 1;0 test the 

.,iabill t,. Tbe reaul t.. aboved 41ft.reDOe. in 

germJnat,loll in the t. _b4a ot .torae,e 8ftd alao 

in the period ot .wrap. The p1"ll1rlat1on peroent.age 

was redlleed to 14 per oat. 1D the o .. e of ••• da stor.d 

for 30 da,a 1n _t.all0 t.1D (USbt sroup). In the oaee 

of .8.ds stored in _1at. _4. 1t was only 21 per oent. 

at the end ot 30th tal ot •• rap. 

In t.be oase of heaY, group also •• eeds stored 

1n _1st .and ". .. DlUOh hlper pra1natlon tban \ho .. 

s'tored 1n _t,aJ.10 t1l1. But 1ib.e ... 4s wh10h were eown 

1Jm8d1atell' a:rter haneat saw tb8 h1sheat gerl11aa;'ioll 

peroen tap, in 1:10 th the SNupa. 

Sh ..... "" • .,.lu and R80 (1977) had reported that 

the v1abl11'1' of llutMg _4a V&II not atf'eoted wbla 

awred tor 15 4&78 111 po~ _sa or .,1st aand. 

Howaftr. the present at.udie. 1adioawd that the 

gerll1Datloll peree.tap 18 aJp.1tloaatl, ramoed by 

storage for 15 da,s WlCler _1st s8l1d. In the oaea ot 

oooo.a .eeds, •• e48 were 8X"8O_d aa4 atored along v1 tb. 

the pulp in finel, ground oharooal. The seeds retalllea 

in pods and stored in fine11 grouad obarOoal remained 



.1able upto a per10d ot 5 weeka after harft.t wl~ut 

much loa. in .lab111t7. 

It appeared tn. t.he abo ... reaulta that the .,at 

oruolaJ. :taotors 'etera1alrlB the 'Ylabl1lty and prm.1nat1oJl 

ot llutl8g aeeda were a 8uJ:t.able otDbJnatlon of 

temperature and _18tlare. But the .tfeot ot tem.perature 

oannot be readlly laolawd from 'that of .,1sture. The 

wllp8rature and lIOUt.ure odit1ons obta1ning in .,iat 

88ftd II1gbt be more oOllctae1ft to keep up the vlalll11tl 

ot .. ada as ooapared to \be 4rJ and hJ.&her temperatUft 

condltione obtalDblg 1a at.or ... ill metall10 b1Jl. 

Xbe results also a __ 4 'that the number ot da7a 

taken tor gera1natlon vae le.a 1a tb.e oe.ae ot e .. 48 

.tored ill .,lat .8114 tor 15 clap and 30 da,8 ~ tbe 

direot SOWJl seeds. TAla -7 M due t.o the faot that 

atoriDg aeeds in _lat 8&1'J4 pr'O'Ylded more or leaa ea. 

oondltlona as tbo •• o})ta1na4 in a.eel beds. 

The .tudie. on t.he etteeta ot eoaldng the .e.48 

in gibberslll0 aold 1rt 41fterent oonoeatratlona and 

tor dUterent perlods ot Hath,s 1adloated that 

t,reatment wlth g1Dberell1o 8014 ill oenoentratloll of 

200 ppm tor 24 hour. had elpJ.tloaat effeat on 

geralnatlon a.n4 aubsequent go1Rh of the seedlings 

as ooapared to tbl untareated ••• da. Whlle the lower 



oonoentrations of glbbereUio acid al80 1n4ioa,\.d 

favourable effeow '\0 a le •• er exwnt than that of 

200 ppm, the hip,. oono81ltratlon of 1000 ppm had an. 

ad'Verse effect on prII1naUon, When the aoakirlg it. 

was !noraased tor 24 hours. 1'11e favourable effects 

of lower oonoentratiou wre eDhaD.Oed with the time 

of 80a1.t1ng. The at1llu.lakfr1' etfect of gibberellic 

acld treatment on 'the pl'll1r1atlon as well as the 

8ubeequ.ent growth of ~ .. edl1ngs had been reported 

b1' several workers wor.lt1nc on dlfferent truJ.t crope 

(,Slaon. 1954. I:abn !l.!l. 1957. Wittwer and B\1oltovae, 

1957, Fogle 8Dd Mo Orory, 1960). 

It was also f0wt4 tbat the ti_ taken tor 

aerm1natlon was lea. 1a the case of gIbberellic aoid 

treated seeds when 'the OOIlO811Vat.lon was 200 ppa for 

24 hours. 

The results of tbe present s'\udies showed that 

the growth ot ~e seedl1np obtained from gibberellio 

acid treated seeds waa signifioantly hltj1.er th8l1 

~3 

those from untreated 8eed.. The heIght ot the .ee411np 

at the end ot 30 and 60 days art~r tranaplanttng was 



maxlJDW1l in tba o .. e of .. e48 treat.d with 1000 pp. 

GA and the soBltlng tiM was 6 bourse BowYer, the 

aboye oonoentrat.lon vas tOlUld to be adverse in effeot 

in resp80t. ot the pero8ntace ot germination. 

Oonsidering the t8YOvable efteots on the 

peroentage of germination aad the growth of the 

seedlings, the ooncentration of 200 ppa and the 

soaking time of 24 hours Wire found to be the best. 

StucU.es on the eotlon of GIL on 8eed germ1D.atlon 

and .eedling growth baYe indloated that the first 

atep in the germinatlon of .. eda was the brealtclOwn. 

of starch by enzyme aotloa and 'this was accelerated 

by gibberelllc 8.Old. In respeot ot growt.h of a8edl1ngs, 

\he effeot of g1bberellio aold Is brought about by 

oell elongation .. (Yeoll-Der .!1.!l. 1962, ShMJIIIgb.ayelll, 

1969). !hls.y be due to ... !DOreaae 1n endopaoua 

auxin oonwnt. It may also 'be possible that t.b.e 

ult1mate efteot of GA 18 -1 1n41reotly lowering the 

act1Vlty ot lAA - oxidase reaotlon and t.o ra1ae tbe 

auxin 18'9'818 in the plant (Bra1D. 1959). 

The results alao 81»_4 that when the aoalt1ng 

tilDe was 1nOreaaed (500 and 1000 ppm oonoentrations) 



the plaDt height was 4.on .... d. Thi8., be duB to 

so. injurious etteou fro. 'tthe 81ironpr solutions. 

In moat ot the perennial oroP8. the common 

~5 

met.hods of propagat10n are "getat1,". beoause the 

progen1ea w11l be true 'to t.J'P8. oome to bear1ng earlIer 

than the seedling tree. &ad are senerally more produotIl'e. 

In nu"'g, ftgetat1ft propagation it SUOoeS8:tUl has an 

added advant.age ot knov1ng tba sex of the progellJ 

trom the l'ery begiMSng ot '\he growth ot the plant. 

The resulta ot J.aaroh-gratt1Dg &bowed that 

nutmeg i8 _nable to 1rlaztOh grafting. The data sbowed 

that 95 per oent 811OOe.. waa obta1nad durinS the month 

ot June and 80 to 90 per oellt during July to November 

and in April. The reaeon tor the high rate ot suooe.a 

during June lies in the aoUw growth of plants in 

this part ot the ,ear, whioh favoured quick union 

between stook and acion. Moreover the hign atmospheric 

hwn1dity that prel'alled during the raJ.n,y season kept 

the soion shoots green w1 thou\ drying. The high. 

mortalIty of grafts atter detaohment from ~prI1, 

Deo~mber and Jaauary may be 4wt to ~e unfawurable 

.. uonal oondltlol'18 t.b.at pre'l'a1led at the tt. of 



gru.l't1n;. Ina.roh gratt1r:ts dw."1ng the tlOIltlls ot l+'111'11, 

Docaouer fuld Ja.nlar'Y uave relatively low SUCCCJS possibly 

GUO to lllatlequatG flow ot sap in the stock am scion at 

96 

this t1x"e of the year. ~:Wldarar8J and Vart\do..re.;lan (1956) 

had reported 60-100 per cent success in approach grafting on 

;J0edl1n.:;s of cult1va~e4 am 11114 spices ot nut..J;lGG • 

.. hanmugbavel.u anu. Hoo (1977) also, cla.1med 60-100 per ,..!ont 

SUC(;80S 1n nutmeg inal'ch1rlg. A lllltjber of WOl"t:ers J;'Ol)O;'ced 

about the Idgh percentage ot :gU~~OG9S 1n inareh Grtut1ng in 

fruit crops 11ke mansO', 0u«va, avo.ca40 and plantation crol}:J 

Uke cacao, clove etc. (090rg. 8lld Ha.:Lr t 1969. 1 • .,rochutU., 1Si7l;., 

;iIlO, 1975'). 

~rbus the ob;)QTvations "corded above revealed that 

the t.lethod of inul*ch ;;;raftin& CnD be SUCCGJiJ!'u.ll.y adOl!ted 

L.T'l the Pl'OlHlL;atinn of nutt~es. Howevor t the growth of ~he 

.;rnfts '.Jore found to uG rGlat1ve~ poor as COl1.'"J)a..:ac1 ~o tho 

seGdl1f~p • The .results of tho presont studies MfJO iud.cat. 

thatr;;ho SUCG;;;S of Ollal'8t1on waG lul"'gely l'ela:~ed to the 

Jrwt.h act.iv1tiy of the plnnt W¥i tho cl1m(~vic conditions 

preva.1llng at th.o time of operat1oi:. 



The result. aboved 'that side-grafting during 

the month of July gave the highest per oent of sucoe88 

(40) which was followed by grafting in June. giving 30 

per oent su.ooess. Suooess in aide-grafting when done 

during the months of July - August and June - Ootober 

had been reported by N'aik (1949&) am Kanwar and BaJv& 

(1974) in m~. Gop1ma.rll (1978) obtained some suooess 

in side-grafting in nutmeg. 

The sueoess obtained during the month ot July 

may perhaps be due to the congenial olimatio oonditions 

that prevailed during that t1198. 

Bu.t while oonslder1ng the growth of the grafts 

and seedlings. seedlings were seen better tha1'l 'that 

01' grafts. 

The suooess in veneer-grafting of nutmeg depended 

aa1nly on the season. Bhalldary and Mukherjee (1970) 

reported more 8uooess in July than in AprU or June. 

while Mukherjee and Singh (1965) reported more SU008SS 

in April tha.n in March. Mayor June. In the present 

investigations veneer-grafting in June and September 

gave slightly better suooeS8 then in May, Augwlt, 

Ootober, !loyember and Deoember witil the highest ('30 per oent) 

in July. 



Warm &ad hua14 weather oond1tlons and &Oti ... 

groV1ih of the 81iook p18llt.a 1a June - July .y have 

helped the union of the 8100k &D4 t.he 8010n to a great 

extent. Other IIOn\ha were a •• n unauitable for v.ae.r­

graftJng. Th. WlSU1ta1tllitl ot Maroh and Apr1l tor 

grafting vas reoorded _,. Ge4ar& (1960) and ",;akb8r~e. 

and S1ngb (1965). 

The results on groW'th ot the seedlings showed 

that grafts were aignif1oaatl,. inter10r to that ot t.he 

••• Alb,. 1D 'the in1t1al atages of 8.tabllabment. 

The da.ta. showed '\hat vedge-grafting during the 

month ot January was etfeotive wIth 40 per oant auooess. 

The montrh ot hbruary waa alao 8een to be sui table • 

However, grafting during the month 0 t March \.'flS no t 

oongenial. 

Am1n (1978) reported that. in ma.ngo this method 

oan be adopted as a 8\1Ooea.tul vegetative propagation 

_'thed sinoe 1t (Jan be dona 1uIt,u. In nut_g also 

\here 18 ample soops for 1ns1 tu wedge-graft.ing. Th1s 

method otters DJW)h 'Promiae as t.he growth ot the grafts 

0 ... upto the standard ot ... dl1Dga of the S~ age 

wi 'thin a\)out two months t1.ma (in reapeot o:C girth 0 t 

tbe ate.). 



The results di.oua.ad above olearly indioated 

that JDaroh-gratt1ng gave nearlJ oent. per oent .ucc •••• 

Bllt. the sluggiBh nature of its growth dlsoouragad ita 

popular18ation aJlk)Dg oult.ivators. Methods l1ke .i4e­

grafting and veneer-graft.1Dg have a180 shown some 

.\1008 •• , but here also the slow growth pattern of 

grafts was a disadvantage. But the reoently developed 

wedge-grafting otfers mu.oh aoopeb_ause ot its 

reliable 81lO0eaa and of its appreoiat1ng growth patten 

'4Ihen oompared to the seedlings of the same age group, 

As a reliable. quiOk and oheap method (when compared 

to inarohing), this method baa a Chanoe of becoming 

popular among nutmeg oul.tl_~ra. 



SUMMARY 



SUMMABY 

Studies on tlWl propagation of nutmeg by saed 

as well as vegetative _1i.b.ods were undertaken at the 

Instruotional Farm of the College of Hortloul ture 

and at the Distrlot Agrloultural Farm, Maanu1ih3 during 

the year 1978-79. The results of 'thes. studles are 

summar iaed belows 

The higheat peroentage of germ.1natlon in .bae."f.T 

as ,.,.11 as li~t aeeds was obtained wileD. the 8.a48 wera 

sown in June (65 per oent and 52 per oat) and the 

minimum was during the aontha of AU&WIt ('4 per ••• \) 

and Deoember ('35 per oen t) • The tJ.ae talam for 

germination was least wilen the sowing was ct»ne 1n 

June. There was signlfioant ditfereno. battween the 

heavy and th. li&h t group ot seeds in respeot ot the 

peroentage ot germination and also in 'the t1me taken 

for germina.tion. 
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Seeds whioh were sown immediately after harveat 

gave the maximum peroentage of germination (60 per oent). 

But seeds stored in moist sand maintained the vlability 

muoh better than those stored in mtall10 oontaJ.ners. 

It was also revealed that ttl. IlWIber ot da,.. takan for 



germinatlon was lass sand sa 

oompared to seeds stored in _tall1o oonta1ner. 

Seeds soaked in gibberelll0 acld 200 ppm for 

24 hours gBYe quioker germinatlon as well as hllJler 

peroentage of germinat10n aa oompared to other 

oonoentrations of GA and soaking perlods. 

There vas slgnifioant differ.noe in the growth 

of the •• edlings in reapeot of girth between -the two 

groups naD81y hea...,y and lish" ... da. There was lID 

signifloant dlfterenoe in reapeot ot height and number 

of leaves in the seedlings derlved trom the two groupe. 

Treatment with glbbel-elllo soid had signifioant 

effeot on the heig)lt ot tbe seedlings. Seeds soaked 

in GA 1000 ppm for 6 houra gaft the maximum height 

(24.52 om) whioh was olosely followed by the treatment 

200 ppm gibberellI0 soid wbere the soaking time was 

24 hours. 

In respeot of the girth of the seedlings and 

the number of leaves produoed. 8'f8111ihougb. there was 

no signitioant dlfterence between different 

ooncentrations, soaking for 24 hours in 200 ppm 

glbberelllo &Old solu.tioll was the best. 
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Ina.roh gra.tting was hIghly 8Uooesstul in 

nutmeg, whioh gave 95 per oent suooess when done 

dur 1ng the IIOnth 0 t JUDe. 

The growth ot the Il"afta was also satisfactory. 

Atter two DIOnths of separation, the girth and number 

of leaves produoed by the grafts were on par wIth that 

o t the seedlings of the S8118 age. 

The beat period tor side-grafting in nutmeg 

was during t.b.e months ot June - July • But the growth 

ot the groatts were oomparatively poor in the !nitIa! 

stage as oompared to that of 8.edliDgs. 

Veneer grafting was alAIo a suooess in nui.JBeg 

and the JI8.XJ.mwD. peroentage ot sucoess (30) hra,s 0 bta.ined 

dur 1ng the month of July. 

Wedge grafting 011 one year old nlltmag seedlings 

gave 30 - 40 per oent suooe.s under humid ohamber 

condItions. Here the grovUl of t.be grafts (regarding 

the girth) was on par with tbat of the seedlings at 

tbe end of two months. The _thad needed further 

standardisation tor adoptIon 011 large soale. 

1U2 
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Appendix I. Analys1s of ",viano. for percentap of germ1natlon and t.b.e nwaber 
ot days t.alaJn for germinat.1on during ditterent .,nt.bs 8I1d d1tterent 
storage oond1t10 ... 

Souroe dt 

Mon"th.s 5 

Treat..nt,~ 4 

S t.orage t,1IIe (A) 1 

Me t.hod ot a'torage (B) 1 

Interaot.10n ( A x B ) 1 

Direot sowing verses 
ot.hers 1 

Error 20 

Total 29 

** S1gn1tloant at 1~ 18"e1 
H3 Not, s1gn11'ioant 

Mean square ---........... -..... ......... -------....... ~~-----....... -----....-.-.-~ .... 
~ of germlDatlon 

lfo. at d&78 t.a1tell tor 
germination ..... ~-.. .......... ---...~--------................ -----... -.... -~-..... -......--

Hea"'1 L1ght Rea"'7 Light. 

42.91·· 34.56·· 21.55·* '2.7' ...... 

'20.92** 295.76*· 208.6, ... • 204.08*-

~.7""'* 246.59*· 0.7.,· 2.7;-

306.7'** 168.70*'" 98'.46·'" 774.07·-

0.5,:15 1'3.27*- 57.75*'" "7.26** 

** ** 1.2'3NS '3. 191'S 669.68 754.47 

2.'7 15.69 '3.92 4.16 



Appendi% II. AnalysIs of Yarionoe for peroentage ot prainatlon 

Mean aquarea 
Souroe df' 

50 ppa 100 ppa 200 ppa 500 ppa 1000 ppa 

Hours , "'.52** 259.94** 529.07** 87.2~* 1229.1.** 

Beplioations 5 1.2 0.48 

Brror 15 10.84 12.25 111.9' 248.45 

Total 2' 

** Slgn.ItIoaat at 1% level 



Appendix III. Analysis ot '9'&r1anoe for t.he number of day8 taken tor 
gerJa1na tlon 

Me8ll squares 
Souroe dt ---_ ....... -.----.--.-. .......... --.....--.. -_ .. _---.. _-------.................. -

50 ppm. 100 ppm 200 ppm 500 ppm 1000 ppm 

Hours 102.9~** 10.49** 26.12** 25.15** 36.8** 

Replioatiolls 5 2 0.15 6.21 2.08 

Error 15 8.68 9.41 

** Slgnifloant at 1% In.l 



Appendix IV. Aaal.,.18 ot 'Yarianoe tor the seedling height ot bo\b. hea~ 
and liFt groupe (ODe and two .,nt.bs atter transplanting) 

Mean square. 

Souroe dt 
One mnth Two months 

4 

5 0.22 0.01 0.36 0.'54 

Error 20 0.82 0.69 0.71 

Total. 29 

IS - Not signitioant 



Appendix V. Analy-sis of 'Y8.rienoe for the aeedl1Dg girth of heavy and 
light groups (One mont.h and tw months after t.rartspl att1Jlg) 

Mean squares 
Source 4t 

Mon~ 0.002 0.008 - 0.002 

4 0.0025
18 

0.01
RS 

Error 20 0.0012 0 •. 01' 0.00009 0.005 

Total 29 

IS - Not signitioant 



Appendix VI. Analysis of Y&riO!l8e for the number of laaves ot heavl 
and light groups (One month and two DIOnths af'ter 
U-8ll8planting) 

Mean squares 

Souroe dt 
One month Two months 

5 0.0008 0.004 0.06 

Trea tme J!l'tR, 4 o.o,N'S -
~or 20 0.039 0.02 0.025 0.045 

Total 29 

IS - Not slgnifloant 



Appeadb VII. Anal78l8 of varuutoe for the helgb.t of the aeedl1n81 treated wlth 
dIfferent oonaes rations of glbberelll0 acld - one mon1ab. and t.wo 
months atter tranapl.antlng 

Mean squares 

Souroe df 50-jpa--;oOppm--200-ppm500-pim-rooo-ipm 
(One JDOnth anar tralUJp18llt1ng) 

Replioation 5 0.11 0.29 0.02 0.79 0.06 
NS 

Treat_nt , 1 2.1 lfS 5.58** O.941'S 7.29** 

Error 15 0.14 0.52 0.10 0.68 0.48 
...... -----.. ---~---~-.----------....-..-------..... -------..... ------.-.~--~--... ---------............... ~...-....-
Replloatloll.s 

treat_nt.~ 

Error 

** 

* 

5 
., 

15 

Total 2' 

S1gnl:tlO8llt. at 1~ level 

Slgn.Uloant at. 5% left1 

lIS - No t signifioant 

0.18 

1.1.lfS 

0.20 

(Two months after tr8ft8pl.&Iltlllg) 

0.02 0." 0.24 0.14 

2 • ."K-.3 3.7';* ., . .,.,. 5.9'** 

0.16 0.26 0.55 0.38 



Appendix VIII. ADal.7ala of yarlr.moe for '\M glrt.b. of the aeedliBga ueatad wl t.h 
different. oOl108nt.ratloDS of gibberellio 801d - one IIIOnth and two 
JIOlltba af'\er transplanting 

Souroe 

Replications 

Treau.e n'\ s 

Error 

Replloa'\lon .s 

Error 

df 

5 , 
15 

5 

} 

15 

To'\a). 2'3 

IS - !fot slgnlfloant. 

Mean squares -... --.. ----....--------~ ...... ------..--.-.-..-.... ...... -- ........ -----
50 ppm 100 ppm 200 ppm 500 ppm 1000 ppm 

(ODe JIOn'th af1ier t.raDaplantd,ng) 

0.0004 0.0002 0.006 -

0.OO1,BSO.OOY~ O.OOO7RS 0.0011S 0.00,18 

(Two mont.ha atter transplant1D&) 

0.002 0.002 0.004 -
o.oo~s O.OO,NS o.oo~ 

0.014 0.015 0.01' 0.011 0.008 



Appendix IX. Analysis 0:£ 'Yariemoe tor t.be number ot leaves produoed b7 the 
seedlings treated with d1fterent ooneenUtationa of glbbereUio 
aoid 

Souroe 

Replioa1iion 0) 

frs.tJl8nt') 

Error 

Bepl1oa1i1ollS 

Treau.nts 

Error 

Total 

4f 

5 ., 
15 

5 ., 
15 

2' 

lfS - .ot signifioant 

Me8ll .quarea 

50 ppa 100 ppa 200 ppm 500 ppm 1000 ppa 
(One month after tranap18l1~1ng) 

0.02 0.01 0.006 0.002 0.006 

0.00.,-3 O.OO'lfS O.OO7NS O.OO'IfS 0.001-
S 

0.02 0.02 0.02 0.04 0.02 

(Two 8)ntba af'tAr trarlaplanting) 

0.,004 0.008 0.01 0.006 -
O.011JS 0.00,15 O.OO,NS O.OO,rrs 0.0.-
0.0' 0.02 0.0' 0.0' 0.02 
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The .W41 •• on b propaptlOIl ot nuu.g 

("glai"& trNl'1'Dl So",t.) were oarrie4 out. at the 

IDatruot,ional Farm ot 'tM Oolla. of Hort.1oult.ure. 

an.4 at. the Di8Wio' A,1cMlt.ve.l Farm, Kannuthy dur1Jl, 

t.be period froll April 1978 to Jul3' 1979. 

The et.udie. 00_18\84 ot t1e _\hod8 - n_l1. 

1ih8 ••• d propagation 8Il4 _ .. ~tive propagat,ion. The 

... d propaptlon .-..tea 1nola4e4 v1&b111 V at.u41 •• 

and tb8 etteot of arolRb "plator. on prm1na"lon 

and ths subeequen\ srow1b ot the ... Ump. UD.4er 

wptat,1w pl'Opaptioa, tile _1ft 0_jaot1'\'8 was to 

atallcJardlae an soo_aloal ea4 .tt.oti". mt.b.o4 ot 

vega_t.1ft propaaat.101l ot --e. 
IbI a_d18e meala4 1hat maxi_. per 08l1t, and 

quioker garmJ.natloa waa oltt,a1Ded 'b7 .owing the •• eda 

during the mntJl ot June aa4 'ttlere vas a1p1f1oaat. 

dltterenoe bet.,.,. .. the ball'YJ' aac1 11gb" arollp of _de. 
Seeda stored 1n. 1II018t sanA re.1Dad 'Yl&ble for a 

longer per 104 than tboae atore4 11'1 _talio oont.a1nera. 

G1bbeNllio aold veatMllt. bad a1p.1tlo8l1t etteot 



on t.he Slrm1rlaf,iOIl ot _ .. anA 1ibe subsequent, groWth 

of t,he .eedlings. a .. 1e veat.ed wit.b 200 ppm GA tor 

24 hov. gllft pot .niNl \a aa 00.,,,,,, \0 other 

Vee. tmen t.a. 

Among tbe dift.NIl' _thode of vept.a\1 ... 

propagation t.rad, 1r1arob sratt1ftg gay. the hi.eat, 

per oet of 81100... - about, 95 per •• Dt. du.r1ftg t.be 

.)!It.h 0 t June. The arevtA ot tAe sratu wae poor .. n 

oollp&red to t.b8 .ee4l1ap ot ._ ... 4u.r1ng the 

1nl'ial .\a .... but. Uaa 1I'Ov1ih 11&8 progres81ve and 

.at1atao torT aner t.w .,ntAa (of aeperat.loD). 

Ottler methode ot "'''''''1" propagation viz •• 

• 1de -gratting. vaaeer gratt,1r1g and welge grat'1Da 

were alao euooesstul. upw 40 per oel1'_ 'bu.' t.ne II'OvtA 

o t t.he grat,. waa les8 t.UIl tAat. ot t.be ••• dl1np. 

However, the .. _~da .e4 .t.aaclar41aat.lon tor .e 

on a large aoale progra.e ot propagation. of nut.IBg. 


	image68785
	image68786
	image68787
	image68788
	image68789
	image68790
	image68791
	image68792
	image68793
	image68794
	image68795
	image68796
	image68797
	image68798
	image68799
	image68800
	image68801
	image68802
	image68803
	image68804
	image68805
	image68806
	image68807
	image68808
	image68809
	image68810
	image68811
	image68812
	image68813
	image68814
	image68815
	image68816
	image68817
	image68818
	image68819
	image68820
	image68821
	image68822
	image68823
	image68824
	image68825
	image68826
	image68827
	image68828
	image68829
	image68830
	image68831
	image68832
	image68833
	image68834
	image68835
	image68836
	image68837
	image68838
	image68839
	image68840
	image68841
	image68842
	image68843
	image68844
	image68845
	image68846
	image68847
	image68848
	image68849
	image68850
	image68851
	image68852
	image68853
	image68854
	image68855
	image68856
	image68857
	image68858
	image68859
	image68860
	image68861
	image68862
	image68863
	image68864
	image68865
	image68866
	image68867
	image68868
	image68869
	image68870
	image68871
	image68872
	image68873
	image68874
	image68875
	image68876
	image68877
	image68878
	image68879
	image68880
	image68881
	image68882
	image68883
	image68884
	image68885
	image68886
	image68887
	image68888
	image68889
	image68890
	image68891
	image68892
	image68893
	image68894
	image68895
	image68896
	image68897
	image68898
	image68899
	image68900
	image68901
	image68902
	image68903
	image68904
	image68905
	image68906
	image68907
	image68908
	image68909
	image68910
	image68911
	image68912
	image68913
	image68914
	image68915
	image68916
	image68917
	image68918
	image68919
	image68920
	image68921
	image68922
	image68923
	image68924
	image68925
	image68926
	image68927
	image68928
	image68929
	image68930
	image68931
	image68932
	image68933
	image68934
	image68935
	image68936
	image68937
	image68938
	image68939
	image68940
	image68941
	image68942
	image68943
	image68944
	image68945
	image68946
	image68947
	image68948
	image68949
	image68950
	image68951
	image68952
	image68953
	image68954
	image68955
	image68956
	image68957
	image68958
	image68959
	image68960
	image68961
	image68962



