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1. 1l0tN1'1n&l behaY1Q\l1' of i\io-c1e-JaDe1J'o and Hal"1lD
UDier YeUald.kkara ooad1'loas.

2. IntlOl'8"'" cbarao"r1aUo~ at Jl1o-de-J••U-o
and Hahn.

3. aequent1al ate.v. or _ape deftlaPIJ'!)nt. and tlQwr1rjg
in 1l1u-de-Jaaeuo aa a tuucU<m at t..t..

4. 11&ae:)1' &ntheAu 1P R1o-d• ...,••Ut.> anti Maran.

,.. Flower retent.l00 and anttler cleh1soenoe 1n
111o-do-Janur(} and 1~Hran.

Pollen a1]a1~acter13t1cG,lfIt1()-{~t:--Jar1Q1r..) and Ha:iUl.

Stigma ::'eccpt1V1t;;, ,-1. l",n.titll Md '>Y3.rJ l@l1itb
at R1o-de-J.,e1ro Qftd karaD.

CJel"minaUon PfN'Cen'_ or &inaer (v&r.Jt1o-<ie..Jane1ro)
pt41er.: aa 1ntlooace4 by 110<11;:\ anc. COnd1t.i..;.,••

9. l1ower1Dg chuaotert.ue. of U1n,~er (.t"~.F~1o-de-Jane1ro)

as intluenoed 01 arovtb hlUla\Ol'a and vea•.

10. &ttect. or 3I'ovth reiulators an4 UI'8. Of! the
1ntl.gr9acenoa oharncter1stj,o:; of g:1J1g,:,!" (\",1"*n1~.
Jendro).

11. AQri,)rnmJ. floJ"al .vue••• 1D cUt'terent wen_at••

12. .&atent ()f poll.. produo\1orn aDa lIOI'p,.ol.o61cal
t ••t.u.rea of polleD ,rn1na 1rl &1naer (ver.Jl1o-de-Janeuo)
aa 1Dtlui:'noecl 1»1 erovtb ftlUJ.at.or. and urea.

13- hrt111t~ of i&1nael' (Yd'.lil:.-cie-J..lro) po11e:u u
1Dtl\lel'lced b7 lJ'ovtb haula"'. and \11"••

1.... Length or _tile and OY_, of giDser (Yu.1l10-4e-JaM1ro)
as lrJ"lue'nced 01 iZ"owllb ".i\I1atoJ's ·and urea.

15. Bttl!!Ct of a1"01iitl'l NGulatal'a and urea 011 pQ].le
,eJ'ID1naU<m and po118l'l tube grow••



I Soape aDd terldDal "". or 1Dt1onecenoe aDd
..,.. at, dUtanD' ..... or ...lopaet, aDd
fiovering.

II aoapes at Ci.1tt81"ea' .'ap. C)f deftlo..nt 8114
nOlleJ'q.

III "'rUle and a.rUe gall. 11'a1U of 1\1o-de-J••1I'o
and 1n1UGl ana c1eftJ.opJ,q a\al.. of poll•
• el'll1naUI».

IV BD1ar'ied }'tlo\oll1crop'apb or pollen tube Irovtb.

V .\llbel' of .t.Dt1onlO8ftoe per Pl.' ... OOIIVal
without ..a.

n JlWlber of 1Dt10I"8aoeD. per plant, • OXlVol v1~
vaa.

VII _bel' of iDf'loreaoenoe pel' plant • BAA SO PJJ8
vithout urea.

YUI "bel' of 1Df'lonace... pel' plan' - I1neUD 15 JlpIa
v1tbout ......

lIu8ber of 1Dfl D08 pel' plant ... K1netiD
10 ppm vltbout,ur ..

X B'waber or 1Dt'1oh pel' p18bt, ... K1.DeUn 15 it..
v1~1 ...a.



I -a11w of .ar1aPoe - Mean sura of
.quare valuea.

II Weatllt)!" det~!l du:1.n1 t.be ",.,.100 of
Plant p-ovth - APrll f,g L.Ottl3ber. 1983.
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canse,. (.anSa,9If~ !tose. ) t all

a....QUIld t.~ world, 1& aD 1IaportaDt, oc.aero1al api•

• st.e.,.d for 1ts aJ"QlDa, naYour &Dc punaoDC1. It va.

0IIe or th~ earUest oriental ap10.. intrOduced to the

_at ancr caramanc:ts an ennab.le poalt1<X1 as a CaiOd1ty

ot dear demana or our u.s.

AI"(8lt101'h1.~8 or g11'1ier findapp11caUon

both as a 6ploe and in .edlc1De. The rb1aouae u &Joe

v1dely used 1D the preparations .')f g.1nger beer t i1DieJ'

v1ne, e1ntleral.e. ginger brer4d, b1scUit, oilke., pUck11Jl6t

SOUp., p10kles and curry powder. It olt.d.ms proven

pnanaaceut:1cal properUea ..a 11 OandDaUve, rubefacient,

st1wlant and naYouran'.

Ginger 18 rated .. t.be tturd .moat 1ilp,~rt.nt 8jJl.O.

of Ind1a .'aI,cUnd next to pepper and od'Ciamom. CulU

Yat100 or thl. spice 1s un4ert.aken in almoat all the

\rop1cal and aub tJ"op1eal area. or India ooyel'1ng lerw.

Tu1lDa4u. larna\aka, west BeI1fial t Or1.a, Binar,

H1mnlchal PTad.~, Ut.tar Pr.eah aDr1 Msbaruhtra. laS-ala

aocoUDU tor 70 per cent Qt to'-1 ginger proO.uoUon and

is t.he "~ed cenwe tor qUality g1nger. III the vorlc1

map of g1nger prod\lC1n~ OO\lO..ie.\l t Ind1a eDJo,a t.be UIllq1M
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poalt1on as the larsen proauoer, ita cOPt.r1buUon

be1ng ;0 per cent. 1nap1te or 'be tougll oQllpeU,\1<m

from JAIIa1e: t f~lgerlat Sierra Leone, Bl'az1l, Ch1na,

Japan and Dldtmes1a, IncUs at1ll ocouplaa the top

postt100 1n the ginger vade 1Dtemat1\Zlally. 'Or>1ted

Kingdom, ttl1 ted atates ane: Baudi Arab1a are ~U~ important

bU1er. or Incl18n i1l1ger in tn.rnat.1Ofial mark ~t.

our .t.taut.," to boost I~.r export are Dat,

rree fram set c.acluJ. tile _Jor bot,tlcecks identJ.t1ed

1n tJUa reapect ar8 tn. h1gb fibre content of Indian

g1nger oompared to lts trad1Uonal r1Yu-'tllG Jaaac1811

gingV,.1n 1n\emnt1ooal lbJ'ke' and the comp~at1Yely hIgh

coat or proouctl00. AS a I"fIIIed" 1t va. W&&euted to

develop hIgh ,1eld.lng qrl.U.•• po•••a1n~ low t1 bre

cootent and lT1~b volatUe 011 and o1eores1n (l'rut.h1. 1976).

III line wlth tn18 8usgeat1on, the JlaUvnal Seminar 00

gugar aIld t.\.lnIer1o (1'J80) bad av..aed tl. need tor

evolv1Dg ginger ya;r1at1.a. po.a••1Dg hlgn y1eld, law

f1bre cGtJtEl'lt, h1gh oJ.eilft8!n and J'8a.1atanoe to .ott rot.

UllfortuDatDl.Y. DO .,.te_ue .~e. ha•••0 tar been

c~rr1ed out Ol) the crop j,,1pro....t upeete of g1ftser

to &oh18" the aloresu1d tarie't.. TallOI' wade &1nger

t,ypes aU1t.1.ng t.a vax-lou. preparaUou haft got real

demand 111 vorlc1 market. Ide\) '&1pea oriented to a aaore

err1o:1ct ))11otoa,.nthet.1o qs... IIDd rapid 08.810,,-.\

or rh1a(80s bad been l~i -uuP\ tor.
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Vegetative MllDe being the r\4e and the mat

popular11 aclopt8d ..thad or p!"opegat1~t attempts in

crop s..proYemant or stnaer _~ so tur cc»ltlneri to tbe

cQ]"leeUoo at cult1vars from dUferent localit.ies aIld

their O\)fjp.,..~t1Y. y1elrl e'Y~luat1op. Bfioh centre or
production tend. to produce a dlst1nct1y~ type and the

"artt~t1on &m21g these types are a'tr1buted to eoil.

cl1ms;l\1c and cul tuJ'lIU d1tfe~DOtts as woll B. the _trIad

elf preplIZat.1vn. beWl'al "ulUYnr8 tflat dltter 1u 81_,

f1bre content, 1ln1st.ure content, 71eld, ,pest ann 41"...

1'8a1$tanc~ W10 ada.ptaa;1l1~ are U()Wl, 111 Inci1a llIfid abroad.

In.pitre ;Jt t.;:laa(~ auV(;iJ)ta6e~, tile lung cber1sled dream to

41 volv eo auper1a%' t,yiJ8s tarJU4h breed1na has not D.tiex'1alllied.

UlJ.. clatN. the 01'••d..U., i'rosrtWme i.n ginger is hand10appeci

by t.ne ~t Ulld l'!l"rat1e tl~wer1Dg nature eJ'icQUDtereci and

tue failure t,c aot11eve .eed-aet. 1n all tne t)'pea. Var100e

factor.l1ko 1nc\)tlIPaUb1l1\y, .ereQUve m1cra/lNg&

8"Hn'agemu.1., P"Hnt.'G or 1nb1b1to17 aNOetance8 at the

stigma.t1c ::turface, ,JOCurrenoe of b1~'1 p~t'~ntap of

aterll1t.v and t.he fallure of' po1lcm c;erld.natiou are

s~upeoted to be tac'tors reapoaa1ble t~OI' th.~e drawbacks.

No .JstellaUe studl baa been oarr1ed. out, Of1 the

tlor:d biology ()f ~el'. S1.m1ld'l,r. podt1y. r ••ulta

on poll. gelU1nat1i.I) and aeed-., ;In &1I1ael' are ye' \0

ccue au\. Howeftr, ,9J"e12mina.J7 .,..U... have caaelO8ect
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••e upeets or o~OG aDc1 noral b101ol1. 1M' the

de'~~U. nov aVti,llable are no' &deqU4'e eD~ to O&l"J'7

Z)ut a crop 1a,pro..-n\ p:tOar~.. therefore, the" 18

an 1IDed1e.te n••d to take up d.'HUed atuc1,y 1n the..

lines. Such a atuOl Itlm4C1 be he1,pt"ul to apot out tb8

h1ndftr8bc•• :t.nyolyed tn .ect-.t and Pa" tbe pa\b \0

oh~ out a eu1t,abJ,e bne41Dg prograa:/e.

Ir. t.hls oannect.1on. it ls th:}u~,t tb~t ttle

1nhel'Emt inabutty or ,inaer 'Co _t seeds can be overcoae

b7 proper JIaD1puJ.at1oD t.lt tlQVer1n1 uenuV1oul" aDd noral

svw:turea. Bair.u.l1. (1980) haft adYocatect - .P1~:r.

such. 8 pa..1b1l1\y ua1a& arow'th normonea. ACO';)rQ~lJ'

an ~jftli)t188t1Qt) vas earn" out with t1u"ee lJ'Qvtb

regulators '11&. f J:1net1n. KUlAl ana J\AA at varylni

cOllo~~nVfl.Uoo••)(1 urea as an aid 1n oOJ"m->ne tran81ocat1on.

In*, ()bJooti.Y•• WN a

(1) A,:iu...1Dg the avall.tale Y8J'1eUea ot gmler

tor tlowfjr1nabel""aY1our aM ibe extent or rl~~:r111c under

YelJ.at;aikkaJ"n COIldlt1V11 and

(11) B'Ia1uat1n~ the eftec' of ta.net1lJ. BUlnl and

BAA vi. th aI1d v1thout urea 011 nOV'.; r mducUon, zoe.DUon.

p011., oharao\er1aUo~ and ......_ on B1o-4e-J8D81ro

yar1e'" at ,;mger. a c~eroial Yar.te'.v 1P Drala.
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\linger 1& general17 k~ aa a species ver"l

rarely nower1nt,J and never .tt1ng seeds. Iieeently. tJle

nntul"e at flower1n*& and floral biology of ginger haft

attracted tJ1e attention or bJ"eeclerB an~~ bort1oultur1atu.

Howe••u") attempt.s to 1001.l(.-e nOllOr1ng and seed-.' 111

g1uger have not succeeded IJO tar. studies be1ng .Wl

1n 1ts 1nfntiCJ't the literature aYfi.llable in t.h18 1108 1.

r~_~tn(fr 11.:1i1t.ett.

4 reylev !:)r tne VOJ'k done ItO t~r an til ~ nowr1ng

behflv1our,noral biology. poll1Da\1on, 1nduct1~m of

seed...' and role ot iP"owt.h. reculatol'1J on flower11lt;,

pQl11n"lt1<'11 IU'Kl "~-Ht 1n ginger 1s furnished in th1a

chapter.

AOCOJ'C11nS tu hooker (1(j91+ >. gin,eJ' 1s a speeie.

very l"d'8ly fl i->wr1Di. ualttuea (1950) .\atea taa' novel's

are 88ldom seen 1Il )Iala¥Aa but an jJl'(Juuce4 .in 801M

other counv1ee. ;l'taent01 1t. a»pean 'hat n;)WGr1ng in

puger nt;'td beeo (,)beerved under certa1.n ot,Z1dJ,Uona onlJ.

PUl81 at ..... (1976) reported tbat or \be 35 geratpla.

Co.UecUClD8 aa1nt&J.ned 111 CPCftl. laaaJ'aiod, all but, aix

5



tlowered, aDd that nowerua .tarted. 111 the last week

or Jotober BIld lasted. U1l earll Deoealber, t.h~ peak

beUlg 111 Hovember. B)'be (19'18) Jlot1ced tbat ginger types

Va1l\tfgDad (6.57 per C8M), Velllar.. (2.lt9 per cen'),

Kmad Chemad (..... 9+ per cent), .Knaad ManJer1 (1.11 pet cent).

W1flad Looal (11.?" p$t' _at>. w1J1ad Qan_illl&ua;ZI

(1.60 pel' C-:;'D\j, UaJPa1 (1."') .,el' cent). iaJ'~.rtJ. (6.0)

~r cent). %;<,1\jall (0.53 ",-J' gent). :raf1.H61va (0.63 per ceDt),

ti1&rr,:uU:\JI1fj: (2.92 ~fJr cell'>. Maran (1.1) ~~' evllt,>.

f1a-ct~-J8.l1e1ru (10.14 ,Vel' c~nt). l>iyl:iaQ U',';lUtarltodJ (6.00

per CE;nt), Kuruppwupady (5.30 yOI' ct..nt). hl"i."';.cJa (0.61

PC::}' C~llt), uttw: Pradfj~h (1.14 J.}€!l' ctmti••f:;.!':ll.it (8.15

I~l' cent>. ilara8aPa'tum (1.1lt i~1" ctnt). li~di3 (0.52 per cent),

erdns. CG.'(41Jf.l cent} alit: AssaUt (10.~· ,p*u' cent) ~»rolu.Gly

fl)",-ered as aga1n8t no tlQW8J'iDg 111 th~upual1a, TnulAlPurl

and H1ma.et'1I:1 Pradesh ""pe. under Vellanlkkara cOl'Jc11t1cma

1n 1'1l1 • 81m1larly, nawr1P1 in 1l1:.-de-JAIl.ira va.

recoJ'ded Ulld43r the c1.at1o ooai1t1ooa Pl'G.},~1n, at

Vel1a1anl by J.,aahalldr., UAlt.. (1979).

U'h (1978), ba'8ketobed out. tlu~t tue 1Dtl\)reacenoe

de_lops from the rhlz"l1De a1¢)Ua iiilti. a 8Calu lQaf'. It

f"r:zt.<:z ;'t. bl";;.ictaat(1:t tJp1';,.e ,:;tr X't!ceQij I .act! bx'act 8UlJ'tAU1<l1r.tg

~ sL"1S1~ fio",;;tr wit..~ a 1&'-1"81 01' i.lbl1q~1 ~i).ter1QJ'



bracteole. fhe bract.. are spirally lIJTan~ed. %he len~

or ~ stalk var18s £I'0Il 15 to 30 011.

P1lla1 .u ..... (19'18) atated that. a1niJ,e noveI'll

are bome 111 panicles d1rectly ar1a1ni trOD tne 1'b180110.

,\00 also as term1nal sp1kea. IDflQreeencB 1ra ~1ng(jr 18

a soape anc 1s prOC1uoed on Ii .,.c1rAl, _ale leaf bearJ"ng .10';)t

IIpr1n~l1n& from the rb1zcae tlJ' Is lier:d.nal. the nwaber or
teJ'll1nal 1nnor••cenoe be1ng two per cent and me flowers

are 8ubtenaec b)' apf'OID1neD't ter\11e brf1ct. (J'a7nCllanaran

U Al•• 1919).

A detaUed deacr1,PUOQ 3t &1nier 1Dtloreaoence bad

been furnished bl Pw:..glaYe 11 a- (1981). ACcord1ngly,

8p10:1_ 1Df'loreaoenca ar1•• direcUy trom tbe rootatook:

and hilS lot a 8lencler .ape of 10 \0 20 011 v1tb Of' W1t.hout

afl'lI't leaf)' t1P3 and a cylindl"'ical. oone-lo1ke (it to " om

in length and 1.50 to 2_50 011 1ft d1...,.) a~. with

apprea.a, OYet.. or elliptio (2 to J em loftl and 1.50 to

2.00 em ,;.ide) and are8D braet. with a pal. aub aargina].

band and 1ncu.ra-ed translucent aari1na t Mar1Dg a s1ng1.

fragUe and abort l1.ed flowl". 1n tne uU of eaoh bract..

!fhe nol"aJ. charaot.e1"1aUoi> of gin_I" haa beem

outlined 07 HIDe (1978). AacOl"tL1ng W i11a "e.o,;pUao.

7



title nowr8 .e Mall .. CIOJI9Sed to tho•• or the other

~~eDerat 1e1.lovlab creea, _ ...~r.PU1c. bisexual, .plunoua

and trlIMroua. too calix is tubUlar or bell 8h~

d1yld1ng abOYe 1nt~J thr.. abor' teet.'1 and alAlt Oft one

side. %ne corolla is tubUlar belOWt tut ..parate. aoOYe

loto thJ'ee aubequal oQlaal to 1dceolaM canrulte aepent.

leas than 2. SO om 1,1,)1)8. Ibe .'..,UI ana 1n 'vo whorla

or tbne ••on. th.e outer whorl 1. l"epreaen'ted by thne

lateral ataa1noc185. ff18 1m18r .twd.nr~ ltIborl 1s C0ll91ete,

the _cUe (~oater1or) 8'-eli 1s latm., Vl1le the other

t.tII" unite to form the labell. 'Wb1ch torma the most

oonapj.eu'lU8 _;;nber 1n the nowr becaUse or ita pink colour

wi t,~ 1ell~ mnl"kU5s. Anther 18 two ~lledt tne cella

being con~Nou., or~ lrI1t."1 a long nd'1'OV curvecl

taper1n1 grooved e:re.t. 1"d7 1s 1ntel"1Ol', V!Oarpellar,.

8ync~rpoos, OVUles arr81.goc! 0lJ ulle pl••r,ta. 3\)'19 1.

filiform 81te 11es 1n a cham:.l aluna the terWe 3__0.

the .'1..1& (tunnel 1IheJ*l aDd e1l1aw) pQJec~ beJOOd

\he Oftst of the anther. atigaUc ha1ra are I),..Hnt Ul

sro).1ps.

Aoc01"C11Dg to JaraobaDdr_ U.al. (1'Y/9) t g1n&er

nowrs are purple ooloU1'lM1 haY1q a ,Pe1"1anth, can.hUng

of .pals and ,petals. ADdroeol_ O<m81.sta of a'aMaa of

vb1ch the outer tihne are reduced to a\am1nades. me
1DDer la-.rul .'_fl. are united and 8h0V1 t,o tOJ'll a deep



purple eoloUhd label1Wl. Tlle poa.rial" atamell or tn.

inner 'WhQrl 13 tM aD1J tertile stNltD lind 1. encJ.oaeG

by the label1um. The fUallmt 1. nat fIlJd short \11 ttl two

promimmt aat.her lulJQ3. tbe style pa".n tbro"'~b the

{)J'OO•• tonaed by the antJ:teJ" lobe" ann ends in a ca,p1taia

atigaa. JayachaDdJ'~~ ani Y1Jqagopal (1979) ,baV6 d6-.er1becl

t:ie b1ae:xual flower. or ~s.r hay1nli one tex't:llft .tameD

'W1 t.tl two large aDth~J' lobes £11184 vittl p,lent)' or pollu

grrtina.

ACcording to Pur_110ft U.l1.. (1961) th~? noral

structure or g1nS61' 1. aa follow. : Fl3Wers are borne 111

tile &111. or t\ braot. have got thlD) tubular 1 epf\thaceoua

( 1.00 t:l 1.20 em 1 ':>fli) Me! tbJ"tle toithed Oiftl,-a_ !he oorolla

18 tUBed to fora a tube ()f 2.00 ~ 2.50 _ lengtll v1th )

yel1ov1en lobes Qt wh1ch thtl! dorsal lobe 18 cunec1 oYer tbe

anther. 1he labe11um or lip 18 0881'11 circular 1.20 b

1"1 IttId wide t dull purpJ.. 't1\b on.. b.l:>tehe& at tJ1e baH.

7.'ht· labellwn cQl'r••ponas to tbJtee .t,~n8 wi\{, Oft.
oblong a1de lobes and are t1'e8 al3uat to the bU.. St.-D

has a ahort and broad t11_en', a ... oOloured antber

W1d a aleDder be_ 11k8 dark pUI'ple oaanecUvo vl10h

cQIltu1J1a tile u~r part of \be ."le. Bt1gma haa a c1rcWAr

ap10al aperture .surrotmtie4 b7 at1tf hairs oDd 1t protrUde8

just below the ~. of the a,ppendaae. 1'vo slender tne

at.rlo1di5 haft be_ QoaerYe4. OYaJ7 1. 1Dt"l~rt V'Uocular

\lith .....rtlJ. oWl.a per 100\4..
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Publl:mtMI 4.. • tbe nornl D1olOSY or &1DIer

1e wry 11m1ted ex.,\ tO$' the prelUduI'1 ob..nnUon8

llIada 01 JqacbandJ'aD .u,&. (1919). -"11' atud.1 on flover

bud deftlopaent "fta1eCl tbat. 1\ took 20 ttl 25' cla1. tl'Oll

the bud 1D1t1a\1oll to tull 1400II and. a ;Et:r1od of 23 \0 28

4&18 was reqUired tor tn. OOllpJ.et1OCl:J! the b.lJoa1D& 1n

an 1ntlonaaenoe.

If. ginpr t tlower .'ar'. opeo1ntlt in the afternQ~

0)" abC)U\ J P.M. (PiUa1 11 ..... 19'/8). A apr_ad out peJ'1iXl

of anthe81. 1". beMen 1.30 P.M. \0 1.)0 P. Ii. baa been

reparted. UDder VeUvan1 oODd!\lQDe bl JQ'lIlchalJdran

.u.l1.. (1919).

Jqftoh-'ldJ'aD d. Al. (1919) bUild on tJ'le1r aWc11ea

on Jt1o-de-Jatjeuo lndioated "la' blooming tak•• pl.. 1rJ

an aoro:pe\a1 aueceeaIon atlcl the nower rad.ea and taUe

on the nezt 4ft)' of blooll1ftl. "-&1Oft U Al. (1981)

opined tbnt g1.hiernoweJ> 18 rr-cUe fWd abort 11ft4.

PUla1 .Il ..... (1978) obaerYed that anther dehiscence

take.: pl.•• alaultaneoual1 vit.b the flower opening 10
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g1nger. Ja,achaadr8ll.d Yl.181'qopal (1979) noticed

that po1.l~l sbedd1Dg a1ao.' coinoided. vlth the flovel"

opening.

2.2.3. Pollen oharacter1st1.
2.2.3.1. Pcallen proGuc'-1oo

1~;) 11teratuft is avr"~UL:lule 011 ttl.e pollEfz pr<X.tu-

c t100 :Ln J1rj~er ue-ept tba pneral ~i;)senl"!t11Jl-i 1'81»1'.4 b,y

Jayf~chandn~, aDd V1JayaJ\Jgal (1979) that aZlt~ler lobe.

are tllloo \lith plenty f)t 1)~)]J.en 6ra1no.

i\OCoroins to PUld. a Al. (1'=)'18) pollen Ir~l1na

are hetE!rlJClorph10 l~d round with a d1_etf"r ;.Jf 1'7 to 104 u

the tlWtt age be ing 91~. A aV1k1Dg tea~ ob.~rved bl

\hase \lorkel'c, vaa the vel')' tn.1ok anne oi~ tbe pQ11Cl sra.1na•

.ra1aQhanQr,~n U.lJt.. (1979) eta'-o t.lult pQllen araine are

aph.neal .ith tile 81. randDi t,._ 90 to 100 ~t the

••en being 95.,0 ~.

A h1gh percentage of pollen eterUity haa been

r~pl)rte4 111 ginger. 8ta1nabU1'J 01 pollen obt.a1Ded 1D

aoetool'trad.ne method of ter\.11.1', ...e8l5ment vas <>Dl1

35 per oant (PWd.li Al., 1918).
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2.2.... S"13M reoepUYi"••'71. 1engtbarK1
Mazy length

Btl_a ....,Uvs." or I1nier is .\U1 in claJ1u\•••

ow1Dg to the td.lUh at 11aDd. poUSnaUoo \0 ..t, .eels.
Ob_naUons under hand len. b7 J.,aanandran 11 .11

(1979) indioated that .UlI'a vu ....p\1Y8 at t.t1e t1Dt ot

antlMr deh1acence.

1.(;', IliOnt1~ 1s a.~11ablt': 10 l1terature on at,l.

l~ngth .Hi 0"f'f~r7 lelJsth.

Poor peroGnttl~J 3t yollen gel1.'11naU,m baa o.en

rep·:>rted f);l YariOU8 autuOF3. Jia1r!l 4. (1'175) h;)OJ:'kcl

th~t;:J~len gr!~1n. or r'1o-de-JIlbe1r,J~ Wynad lac'll, Haran,

Burthtp.1l Bnd A88am ~erm1na~ed 1D a JHd1a containing

15 per OfjDt 8uoroee, ]00 ppm oaJ.elufi 111"rate. 100 ppm

boric ae1d t 200 PPII potaas1... IIItrate» 100 PPID 1Iagn••1W1

nitra's:, ~rJCaneper cent agar. lIow...1', the Ijem1l1o..Uon

vas 1058 t.ha.Jj 1.60 per oent..

P1lld .I.i .... (1918) tOUbd that ad.dlt1on of

boric aoJ.r. i.e! helptul to break the 8Jt:U1W 8lJC tbereol to

&61.ieye tho ger&dnatlCJll or pollen fP"a1na. ()1' trw c11t.rereDt

aed1n Vied, 'til. f.tJe vi tih 6 P4l:r oent ..cro_ t 3 per _lit

ielat1n aliO 60 p,pm boric a«a1d 10 al1.t cbamber OjJ~X'Il'1ng

at 26.. ,oC/au cODd1U/)ft~ 01 2500 &&'90 tile -J1aUII
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polltll 8erc.naU~ of ......SO "'1: coat. .r.,MbfDdJ'aa .t.l ....

(1919) haw put pQ11en a.rut" a. lU.gh ... 16 per oeD'.

In theU stuq t <.JD17 2.SO per ceD' aeJ'll1naU~ waa Obta1ned

in 4exvoae qar De41a. .., arg_ tha' bt&b peroentaae

':It ster1l1', 'ID" be w:I8 of the ...aeon8 tor poor .erll1na'io.,.

From the tahlQ1D&. l' appear. that tnap1te of

the beat a'teaph, til...~ pollen t¥irm1nat,1on ob\aiDed

eo t1ft%" 1n g1nger 18 onl,. 1".SO per cent.

P1lla1 d Al. (1978) nport.e4 that flowr structure

of ginger aan1fea\a on adaptQt10a 8uitable for en~OphUl.

~.lr\lHl .,'.)ll11~r\U·J11 ua1ng large quantities or polleD

in 31ng(3I' v:s. 1i1'l-f1e-Jane1J"o va. 'tried by Ja,yaobandr.n

I.i. JIl.. ('Ltl)). ~le V1'.>eec1ure~ tr1.ed 01 thea "N8re (1)

polJ..iJL:t.tu,& flower. :.it. ~thfl815 'W1t.~ aature »-'311.. of tihe

IH.wi~e fl·~'~l (U) i'oll1net.1r~~ nower buda to be apce4

\\'ithin ~ lLJUr;~ v1th m·JiU-re po1J.ea (.u1) poJ.lim~t1na novel"

uuds to be opened \d.tlh1n ~ nova w11ih pollen .from the

8&00 n'3Ver bud (lY) .PQll1nntwl4 novara at an'beaia v1\b

.UgIIfIlt1C surface removed with 8a\u.t"e 90llen grit1n8 of the

lame nover Mci (y) poll1natinl noweh at antbes1a, the

.t1gllati.o surf:l~t or \kdch \$"&s ameH.~Jd "l1 ti\ germ1naUQD

.t41a ($UCl'()tJe. h;)J"10 acid) with .ture poll. 8J"tu,na or tile

... tlr,twer. But no .-ct..." Gould be obta1lJed ado.pt1J'11 the

"~1"10l1S m~t.hod••
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AOcol'd1Di \0 Hooker (189lt), 11D&er is a apeoJ.ea

DeY.1" ..'t.US ••• """pt,a 01 YaJ'1OU8 workers so fsz,

han faUed to ...l1e•• aMd...., 111 6Wier. Factor.

contribUting tor thta Clebac1ette nut il!"operJ.1 understood.

Baa' ('~O) U1Q FI'1_U (1951) aua,pe••4 that the f'allUl'e

to aet ..eel 1187 be due to the ino<XIJ,lau,b111t,. B••ohanUtUl

(1969) and l:atnambal (1919) re8arked that the fa1lure of
r

s.ed..., 1n &J.npr 18 aue -.0 ObJ'Qlloa'*'&l abJ6~t1vn ••

P1l1a1 d 4. (19'18) op1necl ttla.t t a1lure or a.ed sett1ng

in gUil@" 11&' be due to YaJ71n1 nasons rp,J)g1Dg trOll

defeo's in Idero and _'8 apol'op••ls or laCk ot 8U1tab1e

po111oa\1ni agents or the ts,l1ve or poll., serm1nat1{.W)

on \be sUlaa or due to UtoOllPaUbJJ.1t11t title ovUle 1.

viable.

Prom the Ut.ra\la. n'l'1evect 80 tar, 1t 1. s.nt.necl

that .t'esapta to aoM.eYe _4•••' 1ft dnaer haft oot

auoeeeded till cate aml ."'$ tbe exu' ...u~n. bebUid \be

tallure are not properly undeJ'.~.

2.5. Role of govtb I'eplato"8 OD n~, po1Una\1on
and sef!C1-.'

GrQW~l hiiula\ora ... aid \0 1M.. nover1n1

and _ed-set 1n g1Dpr la .. Do,"l a»proaoh and 80, DO

11'era~e 1. aYa1lable 1rl tali. ".peo\' However,

Id.r.u. ...... (1980) ha'" ...es" _ e.aplore the poaalb1l1y
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ot 1nr.:uciJig fli)V8J'11lg ed __- __ in ginp,. tln'vUd!l

thO UMI of gr,,)wt..iIo} J'~tiUlatoJ'a.

HoxlI,m81 crJUOep' of tlo_nn~ vas prapQ_c1 by

CIllJJ,acbj!f1Il ill 19)6. failure or earl1el" at't6~ta "..i cantrQl

n\lWO'1»' b7 the ext.t-'J'1)U a,ppl1oat1~ 01' iP'owt.h hiul,8wrs

apr.3d a 3l:lOkf;t of 8l48picJ.,m on \be I'egult1toryetfClO~or
gr,lyth suofSteI1ees an n~1"111g. 4oWVOl', oosetnaU.m that

801M rl1.;t\aDlly OCCltt'r1ng grovtb auba\anoes 1fJ the ••1a...

• 6UO :nii00 at .an,. g].aa;,- Ydled ooonderabll aa they

trtana1t tJ-!JUl Yeietrlt1Ye \0 reprod\JCUve pba". s\l&Pated

that the external .pp11oaUon or IJ'O\Ith regulators durin,

the nOd!' 1nducU~ ,period lI1&bt result 1n the regula\1'-Al

of l'~owermS. 1'19 report that ptO\iWl fibatIDnoea are

pre8eat at t.he' .31'10\1:) part. of the now%' and dur1111 the

Y~rlQua pba... or nO'WtJI' clevelopaent (.LeopoJ..d anc 1l'1ede-.nn t

1980) provided po1$1t1.e proot \0 the oonoept or horao.nal

e'jfluol'.)"S" rlover1n~. !he.. <woJ'k.ra .v1'OYlcled eJCperlmcn\U

ey1dencee to oontlrll'J tnat th.... 1a an anuoaenC\\s oontrQ'l.

of flower1Dl .on1tare4bl iJ':>"'b tanoea. t.lopOld and.

Kr'1edet'.l8lVJ (1980) further 1JXU. d tbat aua1na, O¥\akln1r~a

aDd eth11... exerC1.. I'esu1atoJ'¥ aoUY1u.•• 10 the

deftlopmental aoUvlt1ea l1ke n01ll81" iD1t1at.1an. au

espr••l00, fruit-••t and truJ.\ growth.
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2.5.(1). Au.s1n.

Auxins are tOUJld to j:Mtrtana the dual role or
pr()lDl')t1ng a. vell ... 1Jth1b1UDS nover1P~h Liverman

(19';5) propo&l8C1 that auma are tne oanvo11ui, en\1U••

1n nover1n. prooe.a.

1burlow and 3aDJ.er (19't?) obael'Yec1 C.hat. app11

o~)\100 ,:)f jiM 500 pga d.elqe4 s.IKl eftll prewnted tlover1n1

11) 801abeen. $JJd.l~11t in ttH.'; case ot lettUOtJ t .tnblb1to1'1

effect ~r f,uu:1n was found 1D tbG t~ of delayed n0W8r1na_
mea. 1nit1al ~:)b.er"r;,;t1ou. put tozowt-...rd 'he bellat that

aux1nu ~efMJrf;.lly 1nh1b1\ nQ\l8J"1!'.aG. Howeyer, in ,i.l1neapp1.

au.x1n a.,ppllCt,t1'JD 1nduce4 nt'1Ver1ng (C1~,:rk and 1Cems, 1~2).

St1mUl(~tor~' etr"H~t or aux1n on Ule d@wlopmctnt nt the

oreh.l(l embryo r;.ac has been :'>b_rved by ilealop-liarr1aon (1'157).

He fmm{~ that aux1n jr,'tr:)(1uced to the orchldaYary bl

pollinat1Jn) tr1g~:.r8 tt~e ont1r@ t\eye1?paent or the embryo

sac. thus, it "Was ooncluded "'lat until azm unleas tile

tlover 1s klol11D",W or .suppl.1ed \11tn an extem!il source of

c\ux1n, the oron1d e:~bJ7o -.c ta.Ued to deWlc'Jp belond the

.1l15le call .tas-. n-t. F~0Wl4 poolt1... influence of

aux1n4i on the matUJ"aUon ()t the QD1~ aPther ..e vas

deaOlJ8t:rilted b)" VasU (1~-').

tberentter t endeuc.s tor -.. p<)s1t,1v8 efteot. or
aus1Da 00 tlover1ng had been t'vm1ane<1 01 'YfIlrlou. \¥Qt'ker••



AUx1ns were found to 111... and gr_ote tlowering 1Jl

certain lhort-cl&7 pldta (Opwa, 1961, Mlbestumrt and

Venkatal"&JIlm, 1966 aDd J1\ach, 1968) .. well as 8\XH lona

day pldU (H:l.ctmlft1e'1 8Dd .....n*a •.,). In add1tiCll

to their role 1n nower 1D1t1aUon and d..Yelo~ni, .'.«1ne

are found to 1n.tlUeDOe the pollen tube P'CUt'th (Leopold

and Jtrle~~mann, 1980).

%.87081 ftDd FUJii (1961) noticed the producU.oo

of large amounts of a.u:a1D 0, t.be t'lowerbUd 1n tbe petaJ.s t

pollan s.ncl QV~ or .~ flowers at the \1me 01' novel'

o~n1lig. Ala1n produced ill the tlO\l.'€r parts 1n expected

t,) prevent the aDaGe.1on ot t.ne 1"lover.

Leopold ~ 1tr1ftde..... (1980> pr::>p()sed thnt gro\ftb

ane tUrrerent1at1C11 aot1v1t1es -wb1oh. are influenced bl

enOilSenAl8 auxins c<>u].d be a1 t.t.red 01 &'xop.nQ"'S aux1r.

appllca\!on.

2.5. (11) CytokinIn.

l\4,!tgulator, ~ct1v1tles 1IftJ11tested D1 eyt.ok1n1na

1n ~a v~:r1ou..~ aspects of tlowrlDs ha'fe been reYea18d

of late. Poa1t1Ye 1nfluence or oytck1n1ns 111 1l1duc1ng

tlrnior1nii jn photoper1od reQu1rlJl& .pe01es was 1na1oated.

01 ""8b:.81"1 and VellkatAruarJ (1966) 3!JC. Mcbn1ew1ca

and ~a (1965). Jakq_~&l AI.- (1962) P'J,?a,yecl

17
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the enhanced noverJ.ng obtained in 8088 epec1es 01

oytold.nin app11oaUcm. stapa of sex expns.ion ~eg1

and ()l8O. 19(6), trUit-aet (Crane and yan Over-be., 1965)

tlluj truit grovth (Wea"!' e.r£ yan 3Yerbeek, 1963) _re

found to al\er b1 c.Yt*t.nina in .eme instances.

PayoUl'able role ot k1rd.n. on the aatwaUan or Ol'lir)ll

anther sac:: \.7h outl1lj~d 01 \taaU (1957).

Influence of: ~tJ'1)'1~ ~ln nQ\II:!·1.Jjt~ 'Wa.s l)ract1c~

UI1knaw tmtU 1\oor16Uea (1932) obaened that ethyl.

apJl1c~tlauJ can 1I){oo., noverina. Bur,i arlO. Bur~ (1966 a b.. i)}

O~ tOI'WU"~w1th the theot"y that. the 8Umulat1:m 'olf

tloverlng in p1JtMppl~ by auxlD eppll0a.t.l00 1s 'lctu811y

due to the sub_quent ethylene product1rJn. &tn.yle,•• oonuill

of novenng had beEm npor_d in the br<2lMl1ads o,y Cathe,

and Taylor (1910)•

.. ayerall ....SalaD' or th. etreot of aux1ns,

oytQk1n1na and 8th1lene iXl t.ne tlower1n~:; hhanoUl" l)f'

Yarlou8 crops Cl.arl¥ ind1oa1ia tbe1r 9I"~ p"uu.'J:ve

rtfguJ.~~1 rw.e.
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lhe pre••nt 1nYGa'!&aUon on tne teti·eot. at

~l regul.aWrs on flover1na. pa1l1Da'1;D and ...d...,

111 111)181" vas oar:t1e4 out. ., the Colle,. ot Uol"t1cUlture,

Vellanikhua dur1ftl \he period 1981-1983. 1\18 crop

raised dur1q the p18l1\11la ••800 of 1981':82 under field

cond1t10118 vaa loa' dtae \0 the 1no1Clence or .ott. rot

dlsea88. 6\uc11tta _1". repeaW 1ft 1982-'83 .uon both

in pot ou1~ and under field ocmut101Ja.

De'Ul. of the _ate,.W. ut.1118ed end _tlwdolol1

fa11:>\180 are furn18heCl h.~\lDdeI".

!he lend 'WU Vac'or illou&1ltad t le.~ll.d and beds

of 3 x 1 • 81.. and 20 om het.' were t oZ'laftd. Chamel.

of 30 011 ldd'll were prQyiQed UULed each bea.

60ft rot tree &1Daer Jt11aeatea oolleot.e4 fro.

HorUcultul'N. IieIJi!arch 8t&.UOD, AabaltlY&1al W8f1j utU1zecl

fl8 plant1ng _ter1al. Rb.t.... eo_ed tor 30 II1DUM.

1D a aaluUon oOlltaln1D1 a.1S per oent BII18111l 8I1d 0.012S

pel'" cent Bkalux ""N an.. d.rled anct uUllzed for plant1ng.

1\le aeJ.eot.ed .UfO rb.1aau _re cut in\o bits of 1; i.

w1ght baY1Dg ane or two Y1abl., health7 b.... the.e o1ta vel'.
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pla:nted. 10 beds at a ajlQC1ng of 25 x 25.. PaCkage

ot preoUae. (leralaA&rlcUlturrU. tblverslt" 1981)

vere tt41owed.

For pot oal ture, v.a1iec1 rh1.... 01\s ve1gh1ng

15 g. _rEt planted 1n p:.>ta or 81_ 28 s 33 om tIDed w1'h

po' Mixture (1.1.1).

'lenUnl _8 Laldert,akeD during the MContl _ek

or Aprll 1n y~t oulture and on 1st June 111 the aut! f1eld.

3.1. J'lower1ng behaY10ur of 41ttereDt. Y~1eUes meer
Vellanikkarri o~lt1ona

In order to ...eas tine aat.ure and extent of

flowr1ng or dUrer.at var1ettea or ginger, tbH &waplaa.

c:oJ.lect1on aa1ntt'!1ned at 1ihe AU. IrlC11a Co-orc11nated Sp1ces

e.r.o Cashew Impro...nt Prnjec', yttllan1ID-:al'a sub oontJ~c

was Jade use CJt. 1\1~ colleoUoo l.YJCludeCl 25 V~il'1'it1•• v1.a.,

Had1a, Haran, Jom.ut, Wynac1 XuDntWku1a.rn, Bul'dv8ll,

le.raaapa'te) Bmad Chemed. !hocupuzba, Ar1ppa, Jua&1.1an f

Vengara. tn1want BflJpCl1, ltaJakkad, Wplad Halu~antod1,

VaU.UYN'led., Yazhakkulam, JaIIa10fi, Behar1c&t W1Jlad Local,

Flo-de-Janelro, .Palal, Kul'1lpp.-pac!Y. Io'tlqam and ~ola.

Bach v~rle" oomprlHCl <)t ~ iQan\a eaCh pl!:?J1~

1n three plats of a1_ 3 X 1 a eac.tt adopting a a,t.1l1C1ng

of 25 011 be~en pLt-n t.8 Ind rowe. the follOV111& obsorYat1ona

were ncorcied ..s1ll& the ent1re pop~u'1gn.



(1) T11lc produo't1onper pln)) t at t..lte time
or nower1Dg.

en) lJw"nUt.m in d..,. taken from pJ,.~'U.rjii to
tlower1ng and

(111) INmo8r {)( ,vlMt.;) (.lawn4.

).1.1. Infloresconoe ~larao~r18t1o~ at n1Q-de-J~dM1ro

and K",-tVJ

r:l~ 88-1Be POpulflUOO ot 1..... plants ut,ilised for

a.se.;]1n~ tJ1e t'lowr1ng bebanoU1' was aade uae at to studJ

t.~6 etHl1"'oter1sUoa or 1ntloreacen08 W ..espeot, ut the

varieties f f1o-de-J'aDeUQ 9114 Maralh '-he follJv1ng

008_"8.t10118 \fer@' made.

(1) Number ~ 1nt'1Oheoence Jil81' .Plant .ill \8111I.

ot ..ape, tMnd.Dal aile total.

(11) lfw4i)er or flovers pel' 1Dtlo..eacenoe.

(lU) Dfl'. taken tram 1.Utl....acenoe 1ft! ttaUon to
ooapleu.oo Qt nower1ni.

).1.1.1. Soape d8"elOiDent. and nower1n4 eequenCft 10
ilio-<l@-Jue1:rt,) and HaJ'aD

%0 atUdT tbe deyeJ.09lleDt of .Ulcer 1ntlQreaoenoe.

25 plant.s each were t.fllied at l'aDde. both 1u h1o-cie-J"ane1ro

illiG Maran. i'OI' further a'tUCi1.•• on noral b1o.loa,y 20

1nnoh8C8uoe ancl 100 t1.c;wer. wen aa81n lIGleo\ed .l't.tu4tailJ'

.from the Nlectwc1 pJ.an~.

Sequent.1al daveltr.-aent of 1Dt1ve8oence (~oa,pe)

"u taU~_ u • tW'JOtlcm or tt.. 8UOCftp11¥J ot bloom1Pg
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vaa alao 00"1'984. PboWlrapb. 8bov1D1 aca,p8B at.

dirreJ"8Dt ••i-. of deftlOjaeDt and blOOldDi were ~.D.

Almormallt1ea in tloJ'aJ. .trucWrea. it aDl tllere

obaeryeQ ~ld reo~.d.

3.2. Florrll b101:;>gy -A f..:1o-de-Jane11o ~Q J.iar'811

3.~' .1. .'thesis

With the ob,;jecUw of l8Jdttratand1Di the exact

t,1me :>t flover open1ng, 'f) lntloreacenoe we1'!": t.:idit~&d

1nr.l'91<!u~11y !"Jld QbserYe4 rat 15 IdmaW. 1ntel'Yal Ire.

1230 h()u;r's onward II t tUl thE\! ....aUoa \')f novel' opening

process. 1'1_ ·:>t anthes1s 1D Jilo-e.e-J._u i) aDd Maran

vas de~1'!D1ned.

toe iDtlOJ'tUicenoe t.aa~ed. for 48torii1n1l1& tb«

t18le of antbea1i6 weZ"Q ut1l1..c1fvr aaoeJ't..a1n1.lii tc.e

UIIo at nJ ten U,,cJlJ ,jt ina!y14u.u, t1"wra ana e.ntber

deN.scence in the two yar1eUea ns.. lU.~-Janelro

and Maran.

Period ot J'et;enUon or a nO\felr tUr.06blooa1nl

vaG ciGtenullK bl ablJ8nJng the no-weJ' at two h-llll"lJ

intervaL up\o aIfOo hour. and &tIn1D at, 0600 bourse

22
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.ttler _ ....re _aad.D8d 15 IliDUtea prior to

tlGWeJ' opemng ami tbe...atter ., 8ftr1 fl.... II1nUtiee to

arr1ve at the u.. or _ther cteb1aoenee.

Anther .... ooll.ected t .. tile tull7 opaM

rlovers jUGt pr10r to the tJ..uIe of anther del'11sceo. wen

all~we4 to dell1aoe in water 'aken in a ,p4'!ttr1d1sh. ~.

po11m suspension prepuoed by aeaUe Ct'uah1na ot IUC.b

anthers v.. ut.t1.1_ to swel, the Ynr10ua a8pec~ ot pQUeD

via., m~1lho1ogyt fertJJ.1\1. ,praducrtl':lll and gendna\1Q11.

PoU.ea producU.OD vu _Uaated a4~)pUni -.-01

t<aet.er IBethlJd. ~ltcae"r -pl~led. .in this atudJ wu

lfeulwtuer -t..Y,PQ f1Qvi.Dg JJij;l';,)V8(1 fiouUle l'U11t16.

I'~lower. po."~11D88._" _~ru (each 6J,npr

flover UEiS une alltht:r/s\aNln) abOUt to deb1•• were cC\1leotied.

1'1ft antheJ's/ata..us wen -PaJ'aW w1tb a d,l.eoUtXl

neec11e arK1 'taken Sri a teat _be. !he &nUlers ~re pnt.l1

eru.heel aDd 2.50 ml ot ,.ater con\air.111a 0.25 Pel' oent

CalgCXI (Oberle and u.ol't.aen, 1954) wu &IlIkted. Cont.ebU ot

tilt; .i\t tube ~re tnol-oueh13 aUrJed to obta1Jl 8b trnrl

diaperslori or the pollen grains 1r,i the 8W1pe1'Ja.tJm.
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A urop of ttl••.,..1on U8lJID in a 1m. pipe'.

" ... vaD$fenecl to ... of tbe Mro ommtilli onamoera.

the pollen ara.1na 1.n eaob of $be tour conaer square. or
-.ell oountiDg __bel' _1'8 oourat.ed v1tb tM beJ.p of a

hrJDd tall)' counter and by U81ni the low power ob~.cU.. or

the ud.Cf'~.ope. For each VeatmaDt 10 auch .au_tea wen

the DUmber of pollen sruns per novel" was oaloUlated

as iJer the foUovt-ng expre..1on.

J • Nl.i.mber of ;011- il':,jna pel' n,Ne%'

x :I Hei:U'l Dum... .,l" ::;( p{;Jll.er, z;ri',~ral cJUJ'Jted per
corner aqWd'e

V • Vol._ of -.»eb.1orJ made up w1t.b &ather.
111 cc· ern the pn_llt lI:vest,1gaUOD

V • 2.'OCC.).

D • "be,- Qf anther. with wd.ob tbtt ••pena1oJl
vu made ul). (&U..ng equal to rlYe in the

prel.Jfmt upuo1ae\).

A drop r4 1>0111311 2US],'iensLm p)"QParcd ~&9 V'aDa

far~d tc ~t\)o012·t.ane kept ·,rl ;;: clean a11ele. l\tter

eo"nng \I11tih a clean coYer 8l.1p. the sl1c.t8s 'fIU-. kep", ..



aUOh tor 10 JI1DUtea tor tn. polJ.en &rains \0 .e' atamed

aDd ¥are es8!l1lJed UDder a 8101'08OOpe. thaPI of pollea

~a1n. was detend.ned bJ vinal ......ment. fhe dl•••r

aud exine t.b1ekneas of the pollen grnJn were _aaurec:1

u.1n1 an ocular m1or<*l...... _80 Yalues of ttle dilDater

and ••ine th1cknea" of 2~ nomol well shaPed am1 vel1

st.t.\1n~d J;o.tJ.0t1 ttrSJ1a "looted at, raOOoD "'1tn~ rHcord.ed.

FertU1t.Y or the pollen IJ'dna W6X'(,; as_.""

baaed 00 t.i.lf' AS~1Jl~ac111tj; and. atlapa. PQJ..ltiTa ~l'a1D.

!i()rJtU.1.lj- :,J':u.Pt:fl and sUjJ..ed 111 acetocarmne were voa"

8S rel'tile ~"1areu utl3ta1ne4 and s.rn,,;ular aha,pec1 bUt

stnU)ed, ~J'(' :'Qgarded a.D a.l'l1.. )'1".;Jl~ the Mall at teD

lI1oro"op10 ttelds te.rt.1l1" pen_tag_ was worked autr.

~t1gma ri1;ee~t1vity va. !la.asad OJ' 'ta.e vllU81

o'~8elYft:tl<>t: )! U:~6; stigmt.t1e ALrl':r.ee Ul'A$1" a .ta.ue lena.

Preaeno. or ~', oo!. on the at1paUc 8lU'taeQ "'''B. considered.

AS tt19 p'»{)1 ,1" endollCfI tor at13ms. :rect'~pt1v1t.r.

Length of the _"1. aDd QVUl 'Weh Jl8dured \o1tb

a Ve••:r Caliper••

25
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F;>r d.tendni"'iI pallen pndnat10n t 111 91\1'0 l

400 poll. graw. CIt 1l1o-de-lliJ'••1ro weh countec1 1101I

10 111ol"oaoop1o f1eJ.da abC! tor pollen tube jrovtb 10

polleD tubes \181"6 .a.uNd ... hour. atter anther cleh1acenee

"'aug an ooular "orometief'. Qeftllll8U~ vas eX9r •••ttd

in pt~rofJntaae anc1 tube arawtb 1IJ ,a.

Pb~tam1crolrl!lphs were \aleen to illustrate the

pa'1iem or pollen _be growth.

(1)
(11)

(111)

(1.>

(y)

(-.1>

no-wera kep• .,lsteDeel.
Pollen dia..r" 1D 41aUll. vater.
?Q1.l.n kept 1n the ae41. o~\a1n1D& S, 10,
15 and aoper CeDt ..ro...
PoU_ kept 1D thne per cent ae1at1z: I eJ..&ht
per oeD' aucroae and 60 p~ bor10 ac1C1.
Pollen kept 10 15 per ceD' .UOI'OM, 300 P..
ca (103)a' 100 p,,* Jill (JlOl)a' 200 ppm DOl.
100 ppm bQJ'U aold and QQ. per cent apr

aM
PQUea 41.,.1'* 1D aTowtb "814.at,t>J'
aoluU,ona. ft•• t IAA arHl GA boWl .,
;; t 10 f 1S t 20 .... 25' ppa ooaoeo1irr:1'1 <me

Tlw abo.. ve.tt...ta we" V1.8Cl \la1DG tne bsnl1D&

drop aethod UDder the tG11ovS.nJ th,..e cQPdJ.t.looa.



(1) In a dastcce.tor, \be be'tom chamber 1'11104
v1th d1stUle••'-...

(11) In InD 1neQbattw ., to 26. SoC.

(111) In a. 8)1) incubaW ae' \0 26.5QC and the PQll..
g1"nlns COY.red idth .00a' c~ton.

3- 3. Poll1naUQ1

27

Ynnables.

a) a~.s Jl' .fl~e;r

(1) At, bUd .tea8 itt 9' ..me dq prior t,o flower

open:tns.

(11) I1I18ed.1!'!tely atter nowr open1....

(111) three hour. atwr flowol' open11l1_

b) CoIJd1t1~JD or aUsua and style

(1) ;;;t1~ 1ntno'

(11) st1p1a .1U$t deo8p1\at8d

(111) St1gm~:. and halt tbtt .\,)'le l'emoftd

(1.) Sua_a and enUft ."1. rem;;).'"

c) Dena!\7 ot po1l1natlcm

(1) Smenr1na onoe w1th ....daId bnl8h

(11) Bmenrinl ,,,108 vi.\b. .'-ndanl bru8b

(111) Smea.r1Da 'thn.•• with stud.- bruab



(i) Haturo pallen &J"a1na ot 31Daer

(1i) (l1J,:~::er pollen Jd.xeCl with Alp1n;s'e po1lAD

(111) 'J1n;jer p!Jllet .s. 1111tb Be4ych1wu polleP

(1v) ~~$l' ..Qllen UiU.CS -.ita lMa~er1a ,pollen

(v) Q1n~er p-alen ll:Ued\d.tb Coatua paUCl

.?Q1l1natton 6cme 1rIuJI!t41a-11 atte!' novel' open:lng

v·u aupple!nl!l'te4 vi til rspeateC po1l1naU<,rH. twice at two

hours interval.

K'lCh (}t.' tbe abOYe ...,liMU'1..en'. wa» trlec1 with

10 tlowrs and the eZl)Ji!r1fl.., va. re.veated five t1m_.

f~e tent.1>n Ilf n~r. was taken .e the 1nd1cr\\Uoo

of t.be auooeas ;'4 polJ.1f.IaU~JIl and 1nit1atl00 vi' .Gel- _t.
The basal j.,IorUoo of tade(i nQWr8 VU .XaJl1.ned undel" a

bt\ftd lena tor aDI lIWJ,oaUca or _4-."

h .zptfr1arulIlt vall lald. ~, 11\ fi eoom1ftd U'l.QC.k

Des1.6D with three rep~loat,1OR. on hio-de-Jane1ro "aJ'l~t;y

fIf sJncer. the tre.tlleD" corl.lated or L'U'oe gro'W\b
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nSUletortt .1s•• l1uEtUn, Bthrel. and HM, each at tbre.

leftl.. ~ 1ew1, tn._ were " 10 Rnd 15 ppm 1n

K1netJ.1l, 25, SO aDd 100 PPII 1D Btilftl and 10, 25 aDd

50 ppm 1n JIM.

All the th.... iJ"Ov\b ftaUlaWre ., the .peo1t1e4

le.,e19 were tT1edw1t.h tva per OMt loIrea aDd w1tbout una.

GI"ovth r.~Ula:or. v1th and w!th"ut area were appl1ed

.a tou t'1l1ar an.,. acLpUna the fQ1l>.)W1ng .lCtled\lle.

(1) 711"8' apr., at 105 aQ' at~r .P1~t1n8.

(11) 8GCooa a~&7 at 120 d." artier plant1Di.
(111) 1b1rd aPZ'q at 135 d.,.. attar- Plst1n&.
(1") lPovth and final '91*&1 a\ 150 Qq. atter plaDt1ng.

Ut'ect or t;l'OVtb n}1Ul~t.on \4til and ~1thout urea

on R1a-de-J.,e1r{) vas tiL_esed OJ} rl,~r1J·,g beha'f1our t

noral b1:>lQQ, po111nnUOlj ariel _ea••' adopting the

procedure. alrel3dl detr.11ed in 8eot101'16 3.1 \0 3.....

!he dat~~ W!J:re anal18M .t.Ust1ctllly Wt1ng \be

anal.}'s1. of .~;naDoe \echn1q1l8 q appl1ed t,eJ \t.ff J'aotoJ"18l

expfJ1"1ment 1n I1,W <les1on lUI per the methods 8U1iPted bJ

Snedecor and Cochran (1961). IJortfi.cormaU<m8 vetO -.cia

¥1eJe••r nece_d7. l:J~~n1t1.an' "8ulte wre C:OI&~ af'teJ'

f1nc.Una out the ontlOu d1ttelencea.

\ '.





Be eu1U of the iDWaUptlon are pn..ntacl ill

\he tollov1ng _0'-1008. the _a17a1a or Yi,tr18llCf: \able

18 tumllhed 111 APpeIKlSS I.

it.1. Flovertng beb.a'l'1<.uzr of .YdJ.abl. yaJl1eUea \h'1er
YeUan1kkara c~d1t1~.

ADz. t:le 25 Y5.r1.t~. 01' &u"e.. Ja1nta1ned

unt1er them IJ!d.1a Co.C)J'(11DatA4 CasJle\i and Bl.:>1oea IIIpJ'oft•

••, ProJe~, YellanJ.kkaru SUb-Cen_-., noverUJt vu

observed 0DlJ' 111 J\1'o-Ge-Jaae1ro end. Maran. n~r1n1

behaViour of theM tNo yarieu.e. 1. pnMntecl uJ table 1.

table 1 nover1D1 behaYiour of lU..o-cte-Jane1l"o
and Maran UIlder V.u_lkka!"c. o,lllC11t10118

30

- • •

N3.of Aftrqe "Wl',,_ ao.of ... le"
Vari", plant. If).t:I 110.01 rt:.ta dur.. u..e of

ob.... UUvai _. \ion never1D1
wei ;pl_t a' t". end or (week.

tt.e ... r.... flow- t.,..
of flow- e-Uhl er1nl planUna)
8riDs Q now- (4al a )

er1lla
an

ll1o-de- 1lt4 26.66 16).61 Its.00 2).67 23.00
Jaae1ro

Mar.. 15.1to 1]6.25 6.00 18.15 19.00

• •
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It OaD be __ fr_ table 1 that nOV81'1n,

va. 8.11er 112 Maran 1n ....peet IJf -78 taken ror tloverinC•

• :nu.r of tW.era pel' plant at tbe Ull. at nower1Dg

al~ vas 1... 1n Maran OCDPaI'ed \0 1U.O-de-Jane1ru.

liowe_,.. 11'1 tel1lS c4 the plao\8 nowend and tt18 4Ura\1011

or flovC"1na, N.o-d.e...J aDe1J'o vas superior to Maran. ID

~a.U aupr••y or f..1?-ode-Jane1ro oYer Haran 1n respect

at all ...peo\a at noveJ"lhI bDhaV10ur ...pUns ea.rl1neaa

vaG ev1denced from the datA.

Pe. '!me at noveI'm, oo1nClc1ed W1.1 the JI1drile

of the tloveJ'1aa per10d 111 both tbe y 1e\1... aPG vaa

2) &mQ 19 _eke after pJ.anUDi in Itl0-4 J811.1ro and Harafl

r ••pea\1yel,y. Pertod;?f peek nowermg vas t.be 1aJ1rt1 "eek

ot'Jctober tor Mn.rntl aI1d the 'h1nt weelt of Bowmt>er tor

1.1o-de-JdeUo plaoieG OIl tint .1.....det' fleld o~d1tJ.on••

H~ver. 1ll fllo-ele-Jene1l"o IJ"OWD 111 pot culture aDd planted

in the seoond .....01 APrU. peak I1QWr1D~ wa. noW 1ft

the aec<a1d _ak. or OotGber.

weatiber c:tatta dur.1.Dtl tbe period at p1ant 61"ovtb

are presented 1n APptmdU 11. the ra1.ntalJ. receIved during

tbe per1Qd t1"<* planUllg to nover1Da VOJ'kecl out t02l9•• OIl

in the 0_ of Haran cains-eo _ in trw ... of

l't1o-de-Jane1ro. A atr1ld.nl dlttere..e in tn. SUJlllh18•

..eqUir••Ult r or novertng v.. ob8en8d t the valwaa be1Di
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J.t80.20 hours tor na aDd 6".21 hi)l,U''; tor f,lo-de-

Jace1ro. In the 0 or Ji1i,.C1e-Jeoe1ro planted dUr:tn~

the .ccmc1 VMk at APril IIDC grown 1n pot. cul tta'e, more

8\m8h1lUt nOll)". (?6't.96 hours) VII" lequ1re<i c~ared. to

615.25 bil\Ua tor t.b8 orap plar.tted 1n June end &J'OVD unaer

£1814 c\Jnd1 t1;)I~••

.... 1.1. IlIn·;>r&aooace oh~f,\o.r1au.e. of l'.1o-dCt-.Tane1ro
and Martm

IJa'- ph..nt.ed 10 fable 2 1nc1oated the wide

Vaf"1at1<.Jn 1:1 the 1ntl~reaoetJ.eCild'acwlstJ.c:.. or F,1o-de

.}lWei}";,;) and Ha:rfin.

-
fable 2 Int'J.,jro8oenoe C:lanetAtrli"t1e. or !'.l;}...<J.e

JaI'lftUO EWd. MaI'eD•

•
Mean DWIltMr of 1ntlon..ence/ *8:1 llq. take
plqnt ..ber trOll 1nt1o-
• 'f' • • o! nov- reacenoe
...-nd.nal se.,. tow er. per ui1UttUoo

1ntlorea- t,.:.> coaple-
a.nee t1.)i) at

nowrSng
•• • •

Rlo-cle
Janelro

-
"'.67

-'0.00__1_' • _. .......__.-........,__
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Both teJ'Id.Dal and ...,. \rPM or 1Dt"loresoence

_Ie obatened. 1n'Rlo-dtt-JlIDe1ro (Plat.. Xl llbereaa 0ftl1

seape8 oCUld be tClUDd iD Mal'att. terndDal lntltU·.Menoe

ill f;l~-J..1r~ ._ '0 & ... of 20.10 per cent or the

total 1DnOhaceftOe prlX1U08Cl. As.,. be f.tv1d.enoed fr<ll

the c1at.a with r••peo' to the to\81 lNIIber 01" 11lflore...noe

peT pl~t" J;lo-el.-J....iro (18.So) va. _".n...ll' to Haran

(3.00 ). ~ or tloveS-8 /1fIr lnt1.oreaoence vas tIY.Jre 1D

R1a-de-J'!Ifleu., (29.61) ciJIlparec1 to 1tar8ll (15.00). T1IDe

t9ken trae the 1n1Uat1"lr1 of the 1nf'loresoerlC9 t,o the

GOfiSpleUQIl or flowe..1n& \iU "'6 ..ud a..o dq. 111 Mo._.

Janeiro sn<l Merar1 res1;(tC t.1Y~I.

it-.1.1.1. _ape cltJ,.l"Jp.I1l4nt an.d tlowJ"1nt~ .quenoe 10
M0-d6-Janell'a ttPd H3J'tID

8equenUal .te.,. at ....,. d...loifl.t and noverwi

1i.. li.1a-de-.Iantt1ra ar. UlUfSQ1ited iD hOl. J and Pla••

I aJ)d II.

Ident1cBJ. pa"t,ern at ..ape deft1opme\ ".

observed :in Maran also uoept1nu the tao' ttl..t. 1t 'oa
only 25 4q. for the full ete_loPII'ID' or the 1atlareaoeDoe

~DC the .talk as ag~ln.t, 29 Cla.Jo 1n };1o-de-t1ane1ro. to

reach the lnat til... of .~. nUt., Maraa ~ -"0 4qa

u &ltd.nat "'8 dqa 1n the ouo ct' Itlo-el••,1fJU'uo.



tabl_ 3
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'"
SMp or
1ntl0f'e..,...
d....lop-
maD'•

1

2

3

,
6

.,
8

9

o
10

11

29

I J

1n1U8.UQD or tn. dOM shaped avuctUl'e

SweUlDi of tbe \op 6tn4 .:)f the 4C118 eh...d
avuotf.d'e

1'rlt1oreaouo. ahaP8a 'W1th. cl~.el1
packod ..acta tlODI vitil the -l';)0I&Uoa
of the at~J.k or the 1Dflore_n..

Bract de..1Q,pGi!tJ)t, :>13 the 1Dtloresoence
'11th fvther eloDtia\1il1l of the oWk.

Brae' ..... and turther elQll:&&Uca of
the .'aD.
Full 48..1.... or tne iDtlljr••oenoe
an<l 'tile ala1k

Pll'St flower appeaJ'a ora tile laver woat
terW. brao'

l'lower1D6 oQP\1mIea in 8CI'Ope\al
ROC••loa. 'lowr open1ni a\ the rateor ODe pel' ..,.

n()VUJ'1Dj Ccaluau. 1ft aGJ'OPeW _._
••1un n-. opfPlma at the r3" of \w'0 ttl.... per_



nate II

... ed ..ftSAa1 .,...a of Wl ouoe aDd
.ape. at dUr...M ...... of dne1o , _c
nover1Dg. C. (r,( l'cJ" ~;' ')

s - Soape _.,. of 1nt1onaeenee

! - tem1Dal "'" of 1Dt10J'e8cenoe

so....., d1tleren' .~•• or _ ...10,,-, 8I1d
nower1Df&.' ., \

,
2

~
i
K
9
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".2. nOJ"al b1Qlo&1 or P,,1o-de-Jabelro :tnd Mar.

".2.1 • .APtheala

An theal. t1JIe 1'U'1ecl INII 1LtOO bQur~ to 15*,

h'JU:te in },ia-de-Jaoeuo .. ~i1n.t 14)0 b,:)ura to 1600

T.;.1Ul"t! 11i HBl'til.l (~e a.). ~ 81o-de-Jane1r", 1n1UaUon

tU!d cOI:plet1on ot fJ.OV.' O....1ai V.l~t: 8&1'11.. co~parec1

t'J Me.!'an. Spread ove!, \t..JIe of aDtbeala V&8 aClU;,t·t;qr 111

)farnn COIIpaJ"fId to B1o-de....;~euo. It vaa also found t.t.a'

tte peal: ~ or tlf'>weJ' op8I11D6 ,,-as be\wee,n 14~ to 15'00

bour~ in Rlo-de-..J_elro and 15'00 to 1,,1!i !lOUl"a 1D Maran.

&ottl in Itl':>o-de-Jenalru nJ')d Maran, aQll IIlJl.ture

\le:'J fourad to pla.y all ~,J.r\ant rQ)... 1n nowr Qpemnl.

th, the' plarr"s 'Ar," ~lm .....o1sture $u-e ss e0n41t1,m••

flowers t~ll.d to OpeD. IfoweYer, as the at,rep va8 re;:;:h,iVed

b1 lnl:ttt1.orl, tn.. tlQ~J" opet'lJ.n(; 1·~Y1.,d.

Data perta1n1ng to novel' ret.nt1iJl) and antu..

den1410ence 1n !\1o-c.-tJaneuo and Marwi .1'. pox'tra1tec1 in

IRDle;. I.etent.1;)fl t1me of 1rJti1Y1C\W.l nowrs esg,.....

in the \able liZ arbltn1l7. ,. o!)seryeci at ~fJO houra,

tlC1WeJ's or both 1(1<>-0e-J..,Uo Bun MarBJ1 vet'8 1.ntac' but

_rEi e.u·1ed. or/and rotten a\ 06'00 houl"s.
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, 1hz ..... ,... r

12'30
121t5
1.)00

13'S
1330
,;ftS
1Itoo
14."
'tIt-30......,
'SOC
15:1'
1530
'5"
1600
'615
1630

, •. $

JlUllber of novera opened (aut at 100)
E • I • .... • I

ft1o-de-JanelJ",) MiJ.rd
" • r It

- -.. -- -
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• .... ..
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JO 1
SS J
90 '--0
9S 80
99 9S

100 98

- 100.. •.. -
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tala.' FlOVlJ" ;retention end anther unUoanoe 1D
l'i1a-de-Jane1J"o ed Maran.

d

••

ad I J J

TF

li.eunU(I) __
or indiYidU81
flOV4t".
(111 hours>

... j. ,

ftIie of _ther
ctehucence
(ld.nute~ e1'ter
f'lower oper.:1nI)

10 '0 15
...

L F

IP

.Anther cleh1aoenGe \oQk plaoe 1n clOM pr*1rd.'7

to the U.e ()f novel" open1nc SA. 10 t.:> 15 ainu•• after

Clover open1P6 1n )\10..-41_11'0 anet 20 tAl as minute.

after novel" open1Jli in ......

JIumOer c>t ,011en _alDa per novel' .ftr1ed r..
',8?,5OO \:1 1,91.500 in t.io-de-JuaeUo all(! Haran reape.

ct1ft11 (table 6). It 1. also eY1denceCl fro. the data

tha\ pollen grtdna (:)t both N.o-de-J-.1rQ and Maran

po••and 14ent1cal lV.)rpbaloid.eal features 11_11 •

•;>hartoal 14th a tb10k _Ute. As can be ..-n from table 6,

the ..an c11A1llete1" or poll. 1V4108 va. 81 ....' ,Ai in

1l1o-de-.liWIIUQ and 19.68 ,AI Sri the Ga.. or Maru and the
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oorreapo.mi1Jlg .nne tb1.OkDU8 w.a 9.15 ~ and 10.15 ..u
respect1vel,)'. 1t1o-4e-Jaues:ro reoorded. a pollen rel"\1UV

percentage of 1a.lta (."~U1t.y be1IJg 81.52 per cent) u

agatnat 16....2 (83.5'8 per ceDt at.vU1ty) in Karan.

table 6 PolleD oharacter1aUc. or I'.1o-df;-JaneUo
and Maral1 (..... yAlu••).

•• • oS d - _ ••

Yule',
PQ1lea Pall.
terti- ••r1
11Q- 11'"
(~) (,c)

I au... 1

f~o-4e
Janeiro

Mat'aI)

'lE.. ut

1,87.'00 Spher1oa1 81.~7 9.73

1,91,SOO SphfUloa! 79.66 10.1S

••

12.48 81.'2

16.lt2 83.58

• T

Pho'oud.ort)gr~1ph~ r:>t ttl. ..dned terW. poll.

(n;;>1;e t.be thJ.ok as.ne) and UD.\a1.r~. aterUe polleD are

prft8.n~c 1n ~~ate III.

A .puuaal of the data pre.en te4 1n TabJ.e 7

lnd1cate that th.8%'e \iaa cUt.UUl.. be'-_ 111:.>-ce-Janelro

and M.ar.) "'1 t.~ haptiC' \0 a~&I'fi receptivity. bt1&t..

receptiv1ty ......a b)' the pnaenoe of aD O'~z.e OJ) tne



Pl.te 111

, - ator.t1neCS t.nn. poll.
a - &18\a1Jled ".x·U. poll.
Fa - In!tial .\a&•• of poll. pra1naUan •

nu.. breaka

a - Develoi11D1 a"',•• of pall•••hi1DaUcm





CJ ,-u ,.}

.u..at.:1c aurtaoen_a1e4 1:bat 8tl.. r.a1b«1 NortpU"

trOD ()ISe h(JUl" to r1v. botU'a after flover Open»i&_

It 18 further 1nd1011ted 1D Table "I t.h~t the meaD

style leUltrl va. 3.72 am 111 the ca.. ot 1:1o-oe-Janelro

and 3.'0 em 1n t;l\i ca.. or k"iral) whereu tiw oon".ui t>Gnd1n.

Yal~e$ of OYBrl lEtngtb wn 2.50 _ and 2.6Q lID r ••pect1ve1)t

for the \vo var1et1ea atud1ea. Both i'l1o-de-.1nneil'o .-6

.... popeasec 'flU",}' tbift .\11u.

,

••

1 \0 ,.

1 to S

••

, 1 I •

2.50

2.60

Data on the ge1"'ll1.ftaU'JI) .Pereontap of pollen ;:Jt

g1ngli'r (yu. J.1~e-.l""1ro)u 1ntluel108Ci 01 _Ua and

cond1tion8 are furDUheC1 in fable 8. It 18 ev1deDt trOll

the data th.8.\ fllVOd the tbrae OQld1 'lana tnett t poll.

sra1ba .taUed t.o ,e,.a1nat.e 111 deaocatoT, \he bottom on~e.r



kale 8 GeJ'll1oat1oo peroen~i~.&. or g1Dger (Val'. Blo-de-Janeuo') ,tlo11eD as
lnf'l.ueI1ced0.J lledi.a al'\d oQDd1t1Q1l8.------------------_._.._--------------------

Qend.naUou ,percent.aee Jp
".1 L r

lJea1ccat.ol";botrt.<8
fib.... £111_
vith d.1t; tU.le4
1f&ter

J r d. *

l'1<hJ8re kopt, moistered
Pollcmdisponed 1D di.Wlecl wat-er

Poll.en kept 1ft 5. Sucrose aoluUon
1~ Sucrose ~tI'1;;;n

'''~ :;ucJ'O~ aolution
20J 5UCJ'OBe so1.ut1QU

1oU- kept in 8" _roM t » celat.1n and 60 ilIJIill
borio M1d

PGU. kept 1D '5~ JRlCroae, 300 .PPII ca ~Ol)2' 100 PPJI HI
(to).t 200 PPll DO), 100 ppm boJ'1O aCSd
aDd ,. -.cal"

P<4len 41aperaed .1D growth regulator 8alut1;oa
UA S PPII
IAA 10 PIG
lAA 15 ppm
UA 20 PPII
IAA 25 ~
GAo 5 PPI
CiA 10 P,la
CiA 1S p_
GA 20 PPI
QAo 2Sp1'8

•

0 0 1.00
0 0 O.SO

0 0 1.S0
0 0 1t.00
0 0 ),50
0 0 1.00

0 0 6.20

0 0 1.00

0 0 0
0 0 0
0 0 0
t) 0 0
0 0 0
0 0 D
0 0 0
0 0 0
0 0 0
0 0 0
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I'

of ¥blob vu tnled v1U1 eu.aWJ.ed ......1' aDd a.;)•.o.
,II

1neUbntor (26.,oC). Howe"... po.1t1Y....apooae vu

ob'te:1ned a. the po1l_ sra1rJa ",ne ke»' vith a .;4.t

co\ton cover1nl in 8.0eD. 1nouoator (26.SOC>. .AaDo.ng tb.•

'1aJ"1OU8 JHCl1a tried, p'owtb "~'lIlator aolut1;Jn8 (botb

1M ar~ GA) at S. 10, 1S t 20 aDd 25 PP8 C':>lloeDuatl.JD8

rec·:.;rned. 881'0 .ve.r.,.\q- pnd"llaU<.;CJ wider nl1 the tbr..

cQl'Jdtt1ooa. l_Ci1u cont.a1rl1na fmcr-oa.e \'tOI'U fo1l24 to baY.

algn1.flCtW't 1nfluence .:m poll. g,Uud.,rU1\1"A'! "'8 t1"lf14

with ~i)1st CQttoli OV1'erUlti, .in n. v.L. Ulcubn.tor (26.,oC).

tLe gen,U.naU.m PfI:rcelt\aa- ulQr-elUl8'l frQlli 1.50 1)Qr cen't to

faw;· per cent \With an "~C_(Ult. 1n tlUa8l' cot1OentraUon

fraD !1Ye j}CtZ' CGIlt to _ pel' Cli•.b'- UowV&J't turther

1r'.cnua..se ill fAlCroae COllc...u'at1on trolll 10 per cent t..J.

1~ per cent and thon ,,~ 20 per ceDt recorc1ec. a drop in

poll.. prmnat..1Jn p.rCtlal't... /:rf.. tOYJ' to J.~ and then

to one. 2)lUS ~ it. appfHtn4 that tbe Ii;U'1~ poJ.ltm i-rld.

naUon cfJuld be obt.a1n$d by tlaUlg a -Us ..1th a\JlCrOM

eMe~ntrfit1')lj !ll lUJtwoQn 5 and to pel' cent.

Ino'.Jr,llOrr.Uva WoO ti.l:rae ~1' oent. ,,-latin 8Ild. 60 Pjill

iJ~r1a &Old tv 81jl1' 1J eI' cant, "UCN.. eoluU ~>O ne1i>f1d 1D

g.,t1ng aaax2nNftl pol1c; gel\:U.naUOll penen'aae of 6.2(.l s.mcler

tne m',J1st cot~ ooYerlo6 1Il 1.l.9.1J.1ncube.toJ' (26 .. S0C).

H·~."er, a O<X\1U1nat.t;;.Wt r:Jt 15 per cent. .UOJ'oao, 300 .P.- C&

(1-&°3)2' 100 Pl)ll HI (.OJ)" 200 "i* DO), 100 PIa boric &014 ..



QDe per Gent &Sa!' recorded pol' pollee .IC'td.neU1ll,

the p'rcent&sa be1l\1.... Shu t It 119 eY1deneec1 tbat

tile add1ti'::al or the rd."a. hlts uf Ca• .Nt end It and

~ar ••rc.1led a oegaU.. etree' 011 poUen prminat1cm.

BaIllK1 QD these renilu, the mec:U.wa oon\r,1.l11.Di

eight per cent aucrcae. three pel' cent gelation and 60 Pl*

o,:)1"1c ac10 vas .lected tor ruther g.rm1l)at.1~. atwU.es.

3er,;11J"iat11:lil ~>t the pollCJ crdn. \;,\8 fin'

f!v1c:k'nctld. •• 11W'.tUl, or cr. es1ne and sub_queut ,row\b

r)f tJ141 pollen tube (Plate In). J,J.e• • ~la:r&eC1 v1av of the

J)l')lletJ tube growth .t~e tbat the derHio c.Jlllmta or the

pOlle craUl. got \r'~aloeated tnto tne p:3l1en tube

1rt<11cat1ng that p~8f) gfIT1<.d.Vat1,an was flIj esienelon etl tb.

mt1ne tLl"~£b tlw Dl'Qlu.f ex1Jui (nate IV). Pollen tube

as ovaerved r~ftAr at+ hOUI'" 1n t;lft li.a.1a ,.. 108 ,u 1D

leD~th alId 16.70,u :ill w1dtb.At the advanoed stag•• or
polleD gartW1aU~I, pollen tube _. found to grow 1n •

CQ:1led ~t'.

PollSnnU,m vas carr1ec1 out at the Ya.rloua .'''.

of tlover1Dg ua•• bud at'lfJ.t illmedlatel) after nower

Zlptm1Dl arm thNe hours attar flower OpeDirJih ooJX11\1-.m

t:Jt :Jt1ga .1&. t intdt, j\let d.cap1",wet, A1fpaa and halt

42
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the ."le 11t1lO'Nd and au_ and the enUre ."1.
removedl 4enal\1 Gt poU.- 1D .ras of .ear1ng with

.tbl'Hard brush v1s. t aD.. "'loe and \brice; su»p1omentarl

po111na\100 n .. t "'1011 .t \vQ bours iD'-ryal .,pl....
IIfmtutg "he initial po1l1n......:>n uncte..\nkeu ~ed1at.ell

af'tel' flower OjHN11lj i IWd \&81oa lA1.xeC1 pollen Y1~., .atUJ'e

g1Difll" pollen, g1npr lQU.en + Alp1n1a poll•• ginler

poU~ + Hed7oblU11 poll_, gin." ;K)1leP + XaemJ*eJ1.a

pcdJ.en and r'iDler poll. + Coatus polJAm.

...... seed-·'"

No _ed-"' ... obta1ned in [tlo-de-Jtt.J»Uu and

}'l~rar:; 111 an1 of the p31UDaUoa OOllb1naUon. trl_

(section ....3).

1t.5. Eftect of SJ"O',tb hp.lat.oJ"a on flowering, pollination
8llC _ed-u.to 111 ll1o-Qe-Jeneiro

.... 5.1.FlowElJ"1l)g or.u~racte"1.U.o.

Fl~1Di ohar~lcteI'1IiJt.10. ot ltl~..J8D.1J't) ..

intluenoed. bl gJ"()vth regulawr and \IN. WeataleDt. are

presented :1Il fable 9.

Statl.UOal aual,a1a of the 4&. rewaled tha'

p'ow\h hlUlator.w, urea aDIl the1J' lDtaraeUun ba4 DO
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U&lllt1c3Dt effect OD ihe "bel' or dllla i..en for

flaw!' 1.ng. Howe..I" • eertaiIJ v'end. \itt" oOtiel"ftd.. All

the gtowth l'f#~ulator trea\sents with the 0Dl1 e:&CepUc.)f3

of 1:, AA ;0 ppm t-equtl'f!d JIOTft IIUWber,-:>f da.ys tor n,c;wr1ng

.o~d to ttl. control. Meer. DUlUbel' of day. to nJVer1n8

waa tbe ..XillUm tor pl!'1llttl 'l'6at.~4 \11 ttl ItAA 10 Ps-D

(1?H.83 d818) whUe 1\ wu the lftBflt fQr !fAA 50 P.P8

(164.66 cla.;a). Eventh<)YIt\ llilt s16tl1f1Cttllt. it IlUtjH'U8 that,

we. had a aelq1Dg -dteo' OJ} n~J"1ng. the all.ned

Ilea 81gn1f1Oanoe or UJ"e. may be due to the biBb yar1ab1l1t.,

ft()t1oed between rePlicated ...lIfe_ms. Mooo the ".at.
ments included 10 tbt. atucta, »Ai 50 p~ VJ.t.lwut ure. waa

the 0llJ.1 V'eat'\18Jlt caPable or 11ltiuc1n, earl1 tlower1D&

in R1o.de...JaneuQ. It 'WU alllO 8MU that b1gher the con

centraUoo of~ re6Ulatora. 1•••1" 1s the dale t.uk..

frt»! planttng \0 tlowrinl.

W1ti. respect to tbt ftWIber of \U1.r~ per .Pl..'
at tne \1'.1e of tlowr1.fta. the et.teot of g1"ow'U1 r.gula~'.,

Ul'ea and 1Dteuwt1<,lon "ere found to be not •.1,;n1flCM~

1'1e tNUd. oosenftd 1111 th ,rowth ftlulator ,"abent. VM

that all the growth regu].atoJ'. ..aulted 1n lea..!' ~J'

of tWel's per plant at tz... u. of nuwer1J1& O~ed ~
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CODvol. the .rt.., vaa more proooonoe4 with K1Det1n

t o1loweel by Etbrel. l'JlYar1a1l1.71D all the Oil.', lGVeJ'

~~«1 cuncentraUct18 of ~th regulator 1•••1' waa the

nu:;:bet' or t1llers at the tdM or nowerug. Urea va.

found to contribUte 1I0ra .-beI- or t1l1... per plant at

ttl@ tue of ntlVeruJ,. th••tfect be1fta Imore ev1aellCOd

with hj.,;ner concentrations ()f grovtb rEtculatora. ~le

1nte180\ioD etrect.s _re ItO,.. rel."ant .:1tt. }iAA treataeDta

eompared to 1C1neUn and &ibrel \1'\, fJ,\l.tents.

Jteaul~ ,4 the ataU.u.e:,J. fJD'll1a1. at data on

ttlQ dUTat1un at flawl'1ng -nowecl \nat ne1Uier tM .tfeot

of sro\it.h re8Ulatora nor Ulat, or una ven .t.t,1at1ci',,1l,y

.1~}nl.1cant vleraas tn. errect. ot\he1'r 1nwracUoJ] \:,lnS

s1itn1t1Cant. t'uwgh. not s1gn1tlcant., all the growth

%'t':gulator tl'eaiIHnt:s excepUD, 25 end 50 PIe ltthrel

$xm.v1ittd Mr-'i1Dal (~.APt.R&{t 0.,.1' control lU.net1n 15 ppm

(att•.22 d",a> tQlloved br NAA 25 PPm (22.33 411)'.> reoOl'Cle4

the mu1lllUa dW":'l\1on of flowr1lll. \J.rea vas fot.Jl'lC to

enhance the dwat10n fJf nOWJ'1ri& 111 ecab1nau"m \11th.

lUIietjn aPd EtLrel treatraenta out. b8d a ...p.\1ft etteo'

114 ooab1nat.1,;l~ vith NAA. k3~' \be Uen_n'a W1l1bOUt

urea IiAA 50 P'~ (26 .. 66 dlqa) nov_eo. a -.rs1Da1. 1nOreue
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on the duraUoa or t1ovel'ln~h In ooab1naUon v1tb urea

K1rlet1n 1S ppa (2't.33 d.,e), Ethl"el 100 ppm (22.80 d.,.e>.

QJlet1l1 10 ppa <21.33 4.,.) and NAA. 10 PPil (21 c1q.>
reoon1e4 l\Zger tloveriDI per1Qd OO&iPaJ'ed to control.

Data on the eftect of crow" l'eplator. and ,,"a

on tine 1ntloresoeJlOe obarMt.er1at1c;~ ~ R1~e-J..uo

an tUmiatied 1n table 10.

A peruealfJf the data on the total inflonacellce

pel' plt~" J'eYftaled that, srovth re'~tulato"t; had a slaD1t1

cant 1ntluenoe on \be toW Dauer of 1BfloreDOtinoe per

Aant. All tne &rQw~. hplator Veat.,.ta witb the

excevU\JI'l of .25 and so p.,- Btb:rel l' eo()JV.ed s:L~11'1c~"lDt.l1

more mabel' of 1ntlore••'" per plant compared too 000'1"01.

Uteet of urea. vaa fOUJ')d to be not sl61111'1c,iut. Howe"r.

urea bad an apareot nept1" lntluenoe (l1J.atea V aDd n).
!i'•• 1Dteract.1;~ effect VU toUD1l t.o • a.gJU.i'1eant. In

the absence ut una lAA '0 PPII ()J.67) and KineUD 15 P..

()O.93) (PlatAa VII and YIII) ,recorded more DWJlber of

1ntlor88C8noe OYer conU-ol (Plate "f). ~lU\iSh atat1aUcalll

n t)' s1&nUjcent,. IUlleUn 10 JlPII w1th~,:;ut urea (?late IX)



n •• y

nate VI

1IWIbG' fill iat1..~. gel' Pl'" •
Control v1tlbOlJ' UW. ';, . ,

JfUllbal' of 1Dt1or....e pel' pl.' ·
CODVal with urea. . --. i I., ..





Plate m

nata mJ:

....1' or lJItlonu.oence per plant -
BtU ~ '18 vS.tb., urea. ( "\:. i •. J

luaber ot 1Df1ON.... per plant ..
l'1net:l.n 15 ~ vlt.bQQ\ .... .. l • , --'!

<,1





nate x

lwIber or 1ntlOS'..... per iQ.aat •
Y..1lJetln 10 PPD w1\hou\ una. ',l' . i

IJMber of 1Dtlonaoeaoe p4tJ' pl., .
I1DeUn 1S ~ w£tb una. ':-L,,;',·





alao aPPG&rs tv tt"yo\U' tat'J.on_nce Pl·'.xlUCUQi1. In

c0llSb111(,tJ,on v1tb urea, ttinet4rJ 15 1'9IJ (25.00) (Plate X),

kM 10 P18 <2lf..67), l1Il@t1n 10 ppm (22.67), EttlNl 100 pp

(21.61), Y.1Det.iJJ 5 ppa (19.00) aDd liAA ~ p~ (16.33)

were tOWKi to be a1t;n1rlCBP\'lI • .-r1or to conUol

(Plate VI> w1th reapee' to toW 1ntloft$Qence per pl.:?Dt,.

~t.O'tI or grovtb r~ulator:;t urea ana uaeu
1nteracU;Jfl were 81grl1t1c8IJ'I IJIl \be mulbe!' at aoape. ;;er

plr4'1t. Witt: the ucep\100 of a1~ tbe t...~e eonOCltrat.1ona

cI Ethl'el and UneUn at 5 P_ iJ'ovtb hgulattll' tr~U.\~D'S

were a1gn1f1cantJ.y suveJ'1QI' \0 c(¥1\rol in t.h1.a reap;ot.

UNa eSf;!>!ted a lle£aC1ve 1ntluenoe rt,gt\1l..'.1ng the nWlb..

of .ape~ per pJ.nDt.. Iu the absence uf urea __ Jill SO Pj)ID

(28.33) 8l1(i K1futUn 15 PPID (28.33) pl'ucluoed _xi... PUmber

of .epee per p1ant. toll~ 01 11nI,'~Un 10 p£)It (23.3.3).

In cOl1lb1nHt1on with urea••=beI' or eenpe» ~r PlaD\

decreaee4 and the maxUlufll Ya1ue ob'a1lied 'WU \.11ttl )1M 10 ppm

(21" 33). Amung tbe tha~\a lt1.t.h urea, all the CQIloeJiw

traUaIe "t lC1fle\1n and BAl ....p\ IAA 50 Pi. end Et.bl"eL

100 ppa were aiID1tlc8D\.'l1 auperlor to OOl1Vo1.

S\aUat1cs1 ..elIda .:4 the data .hawed tib&$

Irawtb regulator. end vea bad DO .1p1flcant, 1Dtl",...



on the number ot tlehd.Dal 1Dtlon...noe ,par plant. tilen••

the s..n.rt\O\!on effect .. aJ.&nj.tloall\. Bowyer. 'LIft.

seems t:) ..rt. a poa1Uo.1'8 1Dt1uenOtt 011 the prOduction ot

tera1ruu. 1nt1oresoeooe. Amort. the clJ.ttereut trea~eDlst

~Un 15 P,PID v1'th urea (6.00) !fAA 5U »Pi8 (5.33) aDd. IUlNtUn

10 ppD (q.. 33> ,.l\h'.lut urea l"MoJ(teCS ':Jot'. lJUmOer of Mrm1nal

1nf'loJ"el:Jconoe per plallt.

LtU16tfl at the 1ntlGreaoenc~ w.a found to 'Y171

a1gn11'loantl7 with irow~ rttPl.tora anel urea tn.t41eDU

tb -,ugh their in.facti";.ft dU no\ Uhibi' ar¥1 8igniflcr.tDt

influence. ...,g tbe 8J'Owtll resula\ox' V.a~nt8

. lUI. 50 ppm (5.68 OIl>, 111••\10 1S PP8 (5.33 caa), tiM 25 W

(5.13 cud and KineUn 10 ppa (S.OO .a) wen a1101C1efdJUI

auperior to control. urea ooatl'1butlttt tor sboner lntlo

1"8..noe 1n aU trff·a~.'- _pt 1D eomb1mJ.tl~JI1 with

Ktnet1n 5 P1W GPC1 lStbJ'el 25 .. vhere 1t J"esUlted 111 1i.'e18r

1ntloJ'eaoence.

tielt.hfJr tne etfect of Il'OWat J"e&Ulatur8 1101' that

or urea ~... a1p1flch.tD' 011 the ..-aaber of flo_ra jU·OOIl.CS

per Wlareaoeoe. Uoweftl". tibe1l' 1DtAuacUon ert••, \lU
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.1pltlo8l'l\. A t1'8Dd that tlft. OUttr1bUt.1D1 tor al1Sb'

reducUon 1n the II_bel' of now•• per 1nf'1.oruoenoe ..

obaerved. .·')DI the paO\fth hiUlat,or vea~t.gt exoe.tJ'SI1&

1U.JleUu 5 p_ and. 8threl as ppII otheJ's c(,I')tr1bU'-1 tal'

more ll\U'iber of no..!'s pel' 1I'ltlo...acnlDce. In tbe ao.~

of urea Done of tile tJe.t.ment.a VIUI t\NDti to have .1&Jd,.t1

can' etteot.,},"!" CODWal. Jfu1llUSl nO\Jer l1,roc1..acUa.n waa

not-toed. W1 ttl liM SO pp. to11owd D7 CODtI'ol. Il. OCDlo1

naUnf: wlth urea, ll1ih6J' C\.IloenVa\1...,. of JUnf!t1b and

Kttlrel aI'lQ l'NWccnoentra\1QPa olifAA 'Were tOUDd to be

81grJ1t"1eanUl _,..101' to oanVol.

beeau. of gJ'O'ftb regulator aad ure. w.tntaenta are

ou\1tntC bI rable 11. Abnv1"Dal1t.1~. r;)b8ti'J'fttt were oonf1ned

to the andJ"oeo1Ui~h 'Jne of t.b.e plttl1U trea~ \-11th K1net1rl

S PPII and 2 par ceot urea PJ'Oduaect a flower haY1D& ..

811181- l.rWe ~tbe:r lobe J.D.'" of the Dor-.l t.vo

~.. ~s. novel' each obtoa1ned fl'OI'I the ,Plant 8uDJecteei

to KSn8\1n 10 Pial v1tb \11"_ .. JiAA 25 »1* v:ltbou' una

tr~a"D\s hact ""0 tei Ule .'''''8 per tJ.ower 1nate&4 of

one -.n in naJ"llal flower. Ala iba ooour.... of tn••

abnor~Ja1J.\1. vas an UQ).,a" _idee., D) pueral1aed

.t1'..' of arovth, ngu).at.oJ' Vea~IJ\ti on the ~nmo ,<,I'
i" ,>-","" \

i'...,)

l~-- fU~I'('I')\tPl-_') ,f""J-), .J

.. ,80 ~h;

\",,-
~_ ... J).,(.

\.,-"..,
'';;'", >

"'-.....
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Bo Yttr1at1Qft vaa Ob..nec1 Moog the growth

regulator end urea v a\a 1Ii1tb respeot, to the antbeaia

t.1.me, UJae at ~.J' .hi ancl ht8n\.ton of md11'1dUal

tlOV.1"~j. Inl'al"1ab1). 111 aU. _8 t 1c1enUoal l'aluea were

obtHiPec1 .. tho.. of OQGVo1.

:fable 11 Atx10rMl nord at1rUctul"ea 1n d1trereu\
irea.eta

, A W , • I

• • * •

a,._

~e tal"1i1le anther
l~ per flower
tn..8d or the
DOJ'ltal $yo

tv-,;) te;rW••tame..
per n0¥3 r aate_
o! the QDe 111
nonaal flower

ho reJ"'i11e .taMlte
pet'. nowr 1naiM4
o£ tile <.>ne 1P
f10rmal nover

• • ..



....'.5. PaUell ahar...r1sUOa or B1o-ele-Jane1ro

....5.;.1.'011.12 noaueU~ 8lld IIOrpbQ1oalcal t ••"-U."es

Eftect. or growth replators ancl 1.U'e& Of} tbo

extent. r:4 p'~en produoUtlft 1& ~J"'~. at t..'l. number or
po1len gJ'ams ji. tl~!' and moJ"l*1u1ot;1cnl teet,UI'oa 9'111.',

ti..~\e:r anc .xir). thlakD••• or pollen 4P"n1IJs Qf Jl1o-de·

D~t.a furo1&lJl5C 1D 'fable 12 1n(U.c~l.ted ~t. the

nucael" ('Jt 'p~en gto.1.oa per nowa,. .ar1tld s1gn1t1C9BtJ.1

,,'1 tb SJ:OVU,i. retPAJ,at.or t.r.a~nu. All the grch'th

l'~~ul;jt.;jr tre,!t:Denta recorded. aore In.ber or ptl1len irn1n.

1J~I fl~'Ul' oYer CtJntJ'''l. Hove..". a1gn1fieant e.u.rfer<ence

".&ti 11;>\1060 001.)' \#1 tra 11M 10 .PPfi and 1J.J:u.ttJ.u (; t 10 and

1;: ~nn 1.Yfll.). 'lb,;;U&h ureA hall fj~ a1~1cant. 1i,ifluence,

.. lil.>&itlYt) trttDet 1.n :reu!Ktct of pollwn p.'ooucUon ha4 beea

ll~d.enti:1d.. hit.el'aet,1()iZj {,tract. was a1in1f1o~;Jit.. lUnet1n

1:; Pv. (6.45,600). K:1n(i!t!:i 10 Z1P11 (5.88.S00), UAA 50 p~

(4.37.500) .,u1 NAJ. 25 PJiSl C't.34.oOU) v1thout urtJa anC1

K1rJet1r, S ppm (5,52.600), gjUUiil 2S ppM (5,15,600) ana

BAA 10 1)" (5,17,ltOO) \tit.!. una were tOWld to l1e1.d proud.

• .Lng :r-.ultta a3 ~al"«1 tv control..
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lit.mUsUOt:u. aaal7a1a ot tibe Qa~4 1"81at1ni to

c11emetel of polleD &raSP. 1Ddloated that, neither Vi.

g"~l J'edulatoJ"a DOl' ...a had aD1 .1an1tlcant. 1ntlut!l'1ce

on po1l.i d1••te1"'. Il~_r. aD appar.' taYourable

effect. of una and a po81u....treo\ of liAA treatment.. at

all tile three leyel. (the .USa. -lJe1llg with 1.A.A 25 PVII)

l;,cid heen .:>bsenet:l. I11ieracUon effect. of grolro'th J'etiulat.ol's

l;tX'H; ~ro,~ lias fount; to be &l6l21f1enn\. In t.he ab_Dee of

u.t~a, i1net1.rl 15 PI>a vas a1Gft1f1oant11 d1f"ferEtut. fr.

C;Jfitrol. f;lt'i u:.rea, n ...ue (Jf \he VtH,~ntJ vel'l! d1tterent.

r I"Um c,'>ntl"ol.

~1~i1f10~lJ1t. inn... or \he &J'owttl ~~gulat.OJ')n

tho exine thJ.ukn•• of 'the PQ1len 6raUlB 'Wu not1oed

(~abli: 12). lan.Un 5 ppm (1).20 ,.u) and UAA 50 ~..

(12.69 ,u) Ncor&t4 a1,;n11'10~1DU1 t.bicker eX1n8. o~areCl

to eOllVol (10 .). 1.1Det.1n 15 ,pp_ ar.d IiAA 10 P1* were

t.-1e ODly o_a eXhibiting 1....1' U1ne ihJ.cJcness thab

ooovol. Ho....ftr, this eft_t, vaa not .t.r~'1st1onJ.ll

81~:\fl1flcf!1'lt. !he eame tb10kneas YU touratl to re4uoe

wttb h.13her COOoEultl'at,l',fia Qt K1net1n $,0 Etllrt;tl and.

lc.wer le.-ela of BAA. Uree' of urea ancl J"ntAuac\ion wre
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80' a.pU·1OaD\. !be IdOS.. yalue of as_ 1ib.1Ok••••

w ••_ned ~tb &.,..1 100 ppa in c_b1Datl.on wl'U1

Ul'tta (8.09,41) tQ110we4 b7 IUleUD 1S PI* v1tbout una

(8.67 p).

Data OIl trhe .tt.., of powtb ".iP1latGra and una

on poll_ t.IUl1" alIC1 -..111'1 of' l1Dser ("IflZ .R13114e.

J8D8Uo) are OD\1.1ned. 111 fab.1fl 13.

8\aUauoal aDa1711U of the da\a I"eftalM ttla'

Il'ov'11 "aulaWl's, u.na aD<l tbell" s.atenoUfJIl ha4 -laJd.

£1.,., :l.rJn..... <Xl the teruu" aa4 ater1l1ty of pQ1.l.

srdDa. )1M SO pp.t, I1Detul l' PIlI, lUnet.sn 10 PPII,

Btbrel " ppa sad JAA 25 ". were ai&D1flc8ftt.11 auperlor

to ••Val 1.n napea' or b1ah- t.rUl1" IDe! 1~J'

••n11'J. Una .._ toUlld to ... 111 1.taJn"0I'1D& t.be tent-

11_ and J"eC111CdJ11 the atc1.U.". 1I3teraotJ.Qn eftee' ..

alao atpttleaD'- BtbJ'el 15 ,. (ao.OS PeJ" CeD'), X:1Det.1D

1; ppaa (19.01 per eut,), I:laeUn '0 PPII (18.71 ,pet' oen')

and 1M. '0 Pre (18.58 PI" OIlD') 1M as W- (1;.90 per OeDt)

6I1d Btb"l SO Pl* (15.13 pel' ....) wi.tb ur_ .,.. t;JUDd

to oonVi_te to,. mon'" PQU_ t.r\U1ft'. A cone...
poJMl1Dl J"eduoUon in at,er1U.t.7 .. alttO ob_1'ftCl 1Jl

tbo.. Vea"'•• .-orl, ttle tn cd.d of D\ee
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of the arovth nCU1ator. _owed a1&nJ.Clcan' Yar1a\lon

OYer OOilVol.

Growth regu1awl"a reooJdecl a as.n1flcaD\ lntluenoe

on upataWed ...rUe poll.. pere-.tap ancl irreaU1ar

.!'Japed .tern. poll. percell_e. Or... 8Dd int8rao\lOD

efrect. 'uern n·:)t s1gn1f1oan'-

BAA 50 ppm va- the oa1T il"()Wtb Z'8aula~ v.,
_n\ "hlob reeo_.. .1p1t1caDta.l le••1" .te1"1ll'1 Clue to

unata1nlng 3ft1' Cona-ol..

In the ca. of ~l_ ••rllltJ due to 1rnaulaJ'

ahape D.net1n 5 Pl* recorded 81p1t1C8flt.l1 le..er ,,*1"11.1\1

pe:rcent&p OWl' OOIlVol "ben.. BAA 50 PPJI reault.e4 in

aip1tlcaJ'l't.l.1 IIOl'e 8\erill" percent... OftI' oooval.

8\11. l.gth and ~.,." lelJl\b of Rlo-de-Janes.ro

in napeet of grovtb l'eP1a'-" eD4 urea ""''''''1''' are

pr...n~ed 10 1:f1.b1. ''''•

•• •tte.' of &JOVtil rcu1aHra aDd ... GD tne

.~l. length or Rlo-4e-J1IJ181ro waa DO' ••u..u.oa1.ll

a1P1flOaat \then... trne 1DteJ'aoUcm ""'0\ VU a1an1tloant..



hill. 1" Length or .'718 aDd 09'~ or g1.nger (yar. R1o-de-J'an81rO)
.. Wlueftced. b,y growth regulat.')l';J, and urea

-..
b"t71. lengt.b (em)

•
W1th urea W1t.1 lOUt.

urea
GrO\ittl ;rega
1.ato!' (De }'lD )

..

XI. -..... II. l' •

With Ul ail ~1 th.)ut Growth
mea regulator

CMEL•. _

I1ncU,n 5 9,. 3.51 3.63
I1netin 10 Ps- 3..65 3.10..
J1Dettn 15 ppa 3.12 3.80
Btbre1 J5 .... ).60 3.'0
Blbrel SO P.18 3.70 ).60
BUuel 100 Pill ~.10 ).10
BAA 10 .... ).61 3.70
BU as..- 3.60 3.90
lli ~ p~ 3.30 a..oo
COIlVol 3-90 3-50
Urea ~-) ).68 ).70

C.D. (P'0'Wtb re~:ulator) -e.L. (Urea> -
e.l',. (1DteracUoo ) 3.189

- .a

3.60
3.68
).16
3-55
3.65
).90
].68
),75
).65
3-70

-

2.00
2.08
2.15
2.)8

2.. ""
2.60
2.SD
2.33
2. ill
2.25
a.y;

2.50
2.61
2.53
2.00
2.08
2.17
2.S0
2.)8
2.11
2.S0
2.)8

•--

2.25
2.38
2.19
2.19
2.29
2.38
2.50
2.)6
2.22

-

-
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AU. the IJ"OV\tl resu1ator U'eatlaeD'a 'With tne ••oept'4,jft8

of l!.thr$l. 100 pplli, l1lleu.n 1; PIi8 8Pd BAA 25 PPII real.l1.ted

ill recluoed ."18 length ooaparecl to coo.o1. atIfIl.
lellt~th va. round to reduce with lover oonoentr"Uon8 of

KJ..neUn 81'1(1 Etnrel. E'tbre1 100 ppm 14th urea (".10 os>

toUOtl': by BAA SO PPII v1tbou' una (a..00 _> o«lViauW

tor aaxlaull a\Jle length.

LitaUaatJ.c:\l aDal7da ;,>1 t.h& data abQW8d tbat the

erre,," or il"ovth. J'8iulat0l'8t wea and their iD...acUao

wen Dot 8tsn1floaPt,. M\lDi ft.e il'wtb regulawrs lU..netln

15 PP8 and 1M 10 Pja were .. GD11 WeAtaefl\B whiGh

r€coJ'ded 1011'. oyar1e••~ to contral. 1':I.M'1tl

15 PIa without urea (2.83 JIll), lJDeUD 15 ppa W1~1 urea

(2.75 _). nne\1li 10 Pill) vltb...H.I\ urea (2.67 mb) a.IlQ

Ltitrel 100 P.- \11th urea (2.60 _> vere tti. {Xlll ea••

vaGr. thfJ at"al',Y leD&\h vas t 0\8. t.o ba.. .arg1nal 1r~ore...

ove.. the convQ'1 witho'" UJ''''
".;.7. Poll. sentJ.nat.1oo aDd pollen \Ube growth
1.,.;.'.1. PQUen sel1ld.Dat.1oh

(Jro1!lth J"esulf\t:;lrs, wea IIUd \be1¥' lnt-J'aCUoa

weft tourao to e_r' a1p1f1Oab\ lnflUClOe 00 the aend.

Dat40n .;,>f 11npr pollo (hi'_ N.o-de-J_1ro). li1.iher
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oonOfJh'trsUoo. ot ~etin ePa BAA and the .11lWe8'

coneentrtlt1~ or BtbJ'el 1'600" a1gnlf1er->JltJ.., b1.5h

percent.sp c4 pallen prll1naUOI1 a".. oODtrol. U_a waa

fount t-J be.. I!l allll1.flol"t, enG po81tl~ ltlflucoe on

pollen ieJ"m1na\1on. II· o~b1lla"-oo v1t.b uroa Btbnl

25 PPD (11.50 per oath JiM SO Pill (11.00 pel' oen\),

K1at;t1n 15 Pi8 (11.00 ~r om').. ~t,1u 10 ~),l;.S (10.50

pe 1'" cent), UAA 25 ppm (9."0 .Per oent) and g tbrel SO PS

(9.00 per cent) v1\11 una _1"8 fotllKl to enbaDoe \be

p3Uen pl"lA1Da\1.on dan1t1caDt:l1 OWl" tibe OODvOl. ~I

'h~ trep\tBeut. ,,1thout \U"eil. J.U 50 ppm (8.00 l::&r ceo'),

IAA 25 ppm (7.50 pel" ceo'). Ja.neUl; 15 ppm (7.20 ~r cent.)

M1d iinet.ul 10 PP8 (1.00 PeJ' ..nt) recorc1ed be~ter poJ.lAp

gor:d.DaU~m oo.tJparet\ to oontrol.

It }i.~ b. ..en from faOle 15 tn., growth

ret>U1at3J"s bad a a1anttSCartt recu.lator,)' role 00 pollen

\\Ibe iP'ov'b. With the ••pUan. ot liAA 50 ppa (161 ,11)

and liM 25 PPD ('tIto ,AI), Sl'owth ,.gl4a\or Vea~t.a

conV1bUted tor poor pol1.eD.•• P"~ ater conVol.

YtwUlh .\aUeUcNJ.13 DOt, a1PUiGan't ur_ WU tCUDd t.o

h.ye .. 8.;)partmt.1J faYauJ'I1b1. 1ntluen.. 00 pa.Uen \ube poowtb..

1he • .-lmm yalue of polleD tube Podb 1fA8 obta1ne4 in
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PoUen .enl1nn tJ.;,>n (:') PoUeIl tUbe arovth (~ )
!rea.... aa. bl'e atte r antber .11aCtlftCE

Wit.n Without QI"Owttl witt! W1tJ.l,)u' ~>vtb.

urea urea l'af'ulu.t.v: urea urea regulator
(meaD) (_en)_. ..

nn.Un S~ ,., ~o 6.60 7.05 56.00 52.00 ~~.OO(1$:'~) (11+.89) (1S.39)
l1neUn 10 p~ 10.~ 7.00 8.15 82.00 6lt-.OO 73.00

(18. .) (15.)4) (17.11)
I1net1J1 15 Pill 11.00 1.20 9.10 92.00 76.00 8+.00

(19.37) (15.56> (17.a.6)

:ltt.n1 25 ppa 11.50 6.20 8.85 60.00 40.00 50.00
(19. e.o) (14."2) (17.11)

Et'r.lel 50 ppm 9.0(.' 5.50 7.25 68.00 56.00 62.00
(17.43) (13.,6) (15.50)

&tb.1'81 100 Pili 7.00 4.10 5.85 70.67 68.00 69.33
(15.32 ) (12.~2 ) (13.92)

~AJ, 10 p,*, 8.00 6.20 7.10 11e.OO 100.00 109.00
(16.41 ) (1~.4c) (15."1 )

liAA 25 PPm 9.40 7.50 8.45 148.00 132.00 1ltO.OO
(17.8; ) (15.89) (16.81)

t~AA SO PPII 11.OG 6.00 9.50 162.00 1bO.00 161.00
(19.37) t 16 it ~) (1? 90)\ ".

ConVol 7.06 6.20 6.63 116.00 108.00 112.00
('5.)9> ( ........2) ( ..... 91)

Ure. (_an) 9.19 6.~1 .- 9?~ 8,.60 -(11.,.7) (14.?,+ )

Co. {I. (g:wth l'ogulatJI' ) H}.7~1} "'.116
e.l>. (Urea) (O.~) -
C.L. (Int.; acUc.) (1.119) -



tne 0" of IAA SO p..- vitil ur_ (162,.u) t i')11oved b1

l1AA 50 ppm ,.1W1OUt urea (160 ,,0). A trt'md WIW o'brferftd

tlin.t h1&beJ' tne coaoenVrlUQIj of 1M better would be

the po1l. tube srowth.

All thti pl~i'3 sUb~.eWd to arow\h I'8lsUla'tar

tleatme%lt:J ~i th. aud '",1th:;u\ urea were poll1ftatee1 111 all

pG8;;tj,tUe eQC~.dJH",t1i';;'l"... All t.~ Y~r1ab1ea OUtlllled 1Ii

aecU~ "'.3 were vied.

In n",no .;.4 tl'lti comb1DnUOIls 1ny::>l'l1ng iP'wtb

re,uJ.at.orb t v1tb aDd \11th;)",' w-.. aDd po1l1n~lUon proee4ure

yar1able;J't seeu vas obtainoc1. :Ill ell th~ ca,... nowera

\181'8 tOt,a1 to drl or/a1t4. rot, tv tbe Dest day .':>1"n1ni.
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OlD•• aPCl ..ta 1'1'••" ba••......s.4

OODa14erable o_erc1al dpill0an0e in the ilJtBnaa-

,tonal vade. 2he ."1' 1DGnaalD& ••and 8Dd 1'"

8U1tabUit; tOI''t'ar1e4 pr.pa:ratlan. ha.e putrol'1lb t.ae

need tor pr-s.a1Dg gUl,e.. \,yp.. baYinl speo1al qUal1t 1

&\V1bu... Utd"ortuDatel.1. the ",pes haY1lli the twm

acl.~\age. of blab 11e1.a 8hd apeoial qUnl1t.J .'tn.bU••

an 1' at preMn. ....U'Ob ..... OIl orop iJapl'a't'_t

prQir 1D IUller 1s ...." bd rot the 1ntrodu.cUon

IU1d 8e1eot1on ':It b1gb 11eJ.ci1.DI ftrMUA.. Coru~1d."7;Ql.

Y~ab1l1-, baa been '~bs.""d 8IJ)I'l1 tbe 't'p~1e\t..

aYa11ab1e UDder OUlUY.'torh lic.......r, .''-p\a \0

manipulate tne pno"pe YflrlaD1U'l t:broUlh invodUGUi,JIJ

aDd .J.eoUon ba.. fulled '0 oope V1 ttl ~ ete__ tor

apeo1aJ,. I1nC. "pea. tbu, 1\ e,ppeua tbat the

adyan'" or "".0 'faJ1.ald]1\J 1. ,., to be \appec1

&tid exPloited tor 1be ••tl' of oUlt1Yawa. BYQ1y1na

IlUperlO1' 'J»M tbroQlb bnllll1q appear. to be a .,

out. sa tibia ".pto\.

_ aJItl 1J'r8lulal' t1~riDlt poor p01l.

lebdIlat.ton aDd the taU.- to ., ... are the 8I1D

baJ'del"8 tor breed_, 1D liP... LaCk of .,....U.



atudJ..es tXl the floral .\r.'ae aDd nOl'ill b1olOU

of SiDler a1ao ,po... probl_ 1n t.tte Uop ~.ta'O...nt

prOif~.G 1D 1f1ftI8l". A tboJO__ uaderstwKl10i ot the

tlover1l1g bebat'1our 8m1 flos.-al blO1o!:l1 of the aYaU

able siDler vafteU- va. tnus NOk<;)fled as the th_

or the pre.ent lIl".t.1g.,,!va. the etfec\ or growth

regulator. and t.trea OIl the nowel"Ulg 0811&'11001", noral

biQlogy. floral a\nlo~UJ""t pollinaUon and _ed-..,
alao vas .valua.W. 2he r ••ul\. or ~ atUdl are

ducuased in \t~ tollowiDa Mct.1ona.

5.1. Flowe11.Di aellay1uw or aYnJ.lable YaJ:1t=''t1ea
UDder Ye11.,ikkara ccmcl1tlan.

It ,." Ob.~ne(1 tbat tlover1ng 1~ reat),"1cted.

to two varieties ...1z., 1l1o-de-Janeuo anti HaJ'en ,aut :4

the 25 ...&r18 tie,. It 16 til. appar-t that, v~Jrlot1e.

v31:Yll1del:l in respeCtt of nowrtng. MeJited cUIt.renee •

:>etMten ll1o-de-Jane1t'() uJlfl liar. 1D all a..peets or
flC'IWer1ni 81., pl"J'f'1ded pad'1.e eYld.ealceu tar \he

vv1ata! 1nflu... on the nover1ag b4b.a.,lour r4: ~eJ'.

Earllel' tlowel"ug noUGed in Kar~ .., be

.'tributed to 1\. 1....1" j1holo-per1odie reqU1rellOl'l'

COI.Ipa;NJC1 to JU.0-4e-JaPeUo. 1\18 obMnfltll.lll 'bat Maran

had. 1e••r III1mb.- 3f \1UeJ"B .\ the t1H of tl\l'W8J'1nS

G~«l '0 1\1,J-de-JaIlIUQ .., be 4. to an inrulna'
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character 111 \111... pndueUon. She report by

R.rbe (1918) thnt HanD proouces 1....1' _bel' or Wlera

than Rio-Ce-J9fl8U() alSQ auppt)~ thls 91ev. LollgeI"

(}ur~t1(.)fl or tlQ'WeJ'_1n~ in Ji.1o-de-Jane1ro lIay be atu-i

hutet! \0 its ad9f1Jltftae f)Yer Haran 1n respect or number

or lllt1oJ'eseenoe per plnnt and number or n:JW8J"s per

5.1.1. IntlQh..,noe obaraGter1Bt1c~ of Ri,J-de..J811e1l"O
and Haren

Barller vOlkers ba" ftportad tnat 1nfloreacence

in gU:lder 4evvlop$ m.J8\1.7 U -aPe. OI'lg1Dat1DS frOB

the 1'b~ .lC oecas1oaalll ... Wndnal .pike at the

Up or the tUler. Beault.a or Ute J,ll'GlMlnt 1nft3\1&at.1tm

8b.0\iet1 that tend.nal intl#ellCenoe V&!Il resu1cted to

Jilo-C.-J~.1J'o. Yar1e\el 1Dtl1lltJS08 ont.he oocuftl\lf)ce

of tel1l1nal lnQareacenoe 1. ttl. 1IldJ.ofl.ted. It ....

that the hol'li'.".;reotor 8o"l'1l1ll1 flowring .in ginger 1.

present 111 til" UD4erarouncl _... frabllocat1on of thi.

11\11'1V.JJ14t/tacto" \1) the t41ler td.p _q be reaponalble

tor tne oocunenoe at t.eftd.nal 1ntlGn"l"JOe. Yar1eW

:influ_.. GIl "be \1~ana1oent1~ or th1a llorr.t.:me/tactor

--.v be tb.f! rct&aOIl !r.>r th::; presenee ';;)1" absence .~ te.nd.nel

itlJ"loreecelloe 1n air-ger.
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Du1D& the pr_at. SDftaUga\1o.n. 1t ..

re'l8aled ttu~. the ptlI'08Il'_ of tel'l41.nal 1ntlor...noe

in Itto-de-Janeuo vu 20.10 per 0811\ U fliaw., 'WO

pel' cent reported 01 JllJaohaDd.r8D .. .Al. (1919).

CJ.1JI·aUc and 88• ..,&1. taot#. IIaT be .held nt.port.10le

I Qr this YaJ'1at1~h

Pte_nee of Ii·Jr. DWI:ber of 1nf'1 )Z'dcence aJXl

ill ;)'e flJ\ters Her imlore.(W,tJe8 in It1o-de-JaDe1J'o oo.:apal..4

to Maran t 1. an 00_"3.\1 n or _1gn1.f1eanoe \0 ""'1'•.
,a1JUJ.axl,}' t the dW'aU",'D Cit !lov£.r1n. be1n6 Dore extellC1ed

111 1(!>cie-Jane1ro, 1 t 1. po_1Ole to und.8l"'ake ai.able

nt.UlbeJ' of poll.1nat1<a13. tUat too :repeatedly at_

..a.oslll& the auo••s.

SequenUal ••pa ot 8O&P8 de..lop••t. reftalec:t

that hell1DS RJfJ the \op eo at the d.. al1ape4 structure

Dariced the 91.81 1n1t1aUao or tne 1nt'loJ"ftscence

dewl!)patent. ID the absence of s\lOb a ••U1ng, the

dame ahape4 dnao~ Id..' baft r~ci 111 ftgetaUye

__• 'l'e"1I08 at the n{)\fer1Dg reapoo../hQJ1lQl'Je,

a.aUflb111\y of l*1oto,.1ocU.o ftqulr_t, .. aoU

.alatur• .,.. the ,.ton lSkell to declci. the pb_ fIJt

the "gee 1bnP8d .trueture.
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For the fUll den].Gpa.' of the latl'JJ"e..ne.

and. _tn,lk 111 Ji.lu-de-Jane1J'o, it 'oak 29 daT- as &\ia1D.'

the earlier rc:~ru 18. 20 to 25 481'. (JqaahandJ'1llS

11 .... 197',). 81Jd.lnrlJ' blOt-.ng .in afj 1ntloreaoence

val OftI' \11 thin <) t.o 18 dale, whereu J8InehI.U'KJ'an 11 Al.
(1979) hed rtl;X>l't.e4 a blocwlDi per1oc1 of 2) to 28 4a,ya.

IAae6r tim. te.keu by MBrnn ,lYe.!" R1ll-de-Jan&uo.

t?'r' tht~ full de"'loJlla~t ,:4 t..he 1nf"lor.ecenoe l.18I be due

to the lee-r mUsON" eI brect•.and. nowerR 1ft Maran.

Vl1riet,a.."t t~t.oJ':" also m1t:h' be • CaU. tor th1. P1~nm.

-'Orop.W &NOee••lm at no_r open.irJ6 U oolli8rftcl

1r. thl~5 ctt.ad1 "aa in n,ireeeirt nth tt.. r-epOl't b¥

J"fl130htU,oran J.l 4. (1979). Ihe observed blO\-.S.ns pattem

of 6111i:lle flo"H~r per del 1n1Ua1.ly and tllo \0 'hr.. n.:twera

per Gay in the la.r .'ag_. 1. a .v 1nfoX1laaU(G.

5.2. rlo:tf,l 01010 11
5.2.1. An\b.tuJ1.

S~)ll Ir~)1sture wae toum to haft & 1Ial'ked. 1nf'lueDCe

on tl;" al'1tnea1a:4 iI1ncer in §5e_raL novel'S fdled. to

opeD UDd8r 18019ture SVtt38 coPd.1t1ona. COIIparat1Ye1¥

enrl1 n~(MItr vj)en1ng in JU.o-f!e-JaJM1J'·j thus a.PP.....s to be

o~ t.1 1t.:a inherently l1.t..Ch a31a\Ure 0<»\'.1' wi1ch Jd.gb\



haft oonv1bUtecl t.be 1II1Ual .,)lawre reqwed tor

blOOldng•

..theal. u.. 1a 1t1o-cle-JaDdro ob_ned dur1Da

"'... preHnt aWt11t u,))()at 001DaUed vl'b the earlle..

repor\$ (PUlal J4 .11- t 1918 ar.tt J.,achud1'an 1111. t

1979) v1th1n the lla1tlltlOAa or the Oliaa\10 .ana'l~••
AIlthea18 t1ae 1n ginpr 1s n.Vlctad '0 a period of 2.)0

\0 1.'-'5 haul's that too vl\h 35 to a.o ~.r Ql!nt novel's

opening wlV11n 1S II1nutea duriDl tM peu period ot novel"

openbla.

Pur_110ft .Il.ll. (1981) ba... reported 'bat

61nger navel's are traau. and 8llort 11ft4. RellUlta or
the pn_o\ atud1 w... 1D OQflt1nd.'.Y w1th ~la. lIr11na

orland 10t'1l1l or n.:.lW8ra va. tOUl'Jd to take place 1ft

b.-"n ~oo bvur8 and 0600 haul". Further at.ud1•• .,p..ar

neceaaar7 '0 100.-' \he exaot the of tlover trq1ll\1•

• 0 zaentioa 1. "l\\l1abl. a '\lie 11\era'UJIB on

the exact t1IIIe of _tiber deh1_..e except for a .\atle.

m.' tbat 1t co1neUlecl 1i1tb tlO1lleJ' open1Dih BoveftJ', 1t

~ observed tilat anther ceh1Menoe doe. Dot esae\l1

eo1nc14e w1th novel' open1Dg aDd l' "e. place 10 to 15

IIIlnutea (1l1o-de-J_lro) Ud 20 '" 25 ldJaut.ea (Haraa)
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at"~~r nowr open1l1&. 2bUa. 1t, llP~ar. that tn.

ce4J.eoUoo or p:4len ~ft1U fl'. tu11J opened. nowera

1. po..lb1e.

It va. 01;).8I''I8d dur1D' \he pJ'esent study ttlat

pollen groin. an ~en' 10 Pl-" 11) g1l>ger n""era.

tbe O<U1t pes- tl~r varying tl'Oll 1.81,500 1n l\1o-de

Jenelro to 1.91,"00 in Mar.. She data "Yeel that

aya11ab1l1_ of poll., &J'al8a 1a not. a lJa1t1ng tac\oJ"

111 gS,npr bJ'eeding.

Witil respeot. \;) the aorpbolott1oal tea.... or
po11era 0)':'1118$ ~ l"esuJ.ts abtdnecl in this atucl.y were

111 agr••u:tt w1tt:, ~ h port b)" P1llal ti.l1.. (1978).

!>reaeIlCt' of tb.4'l 'th1ck utne aecountt.1ni to 23.fJ8 Pel' cent

of' t.hfl ct19Mvr 1.0 fi.1i>-Ge-Jane1r;> and 25.lr6 per cent 1n

ttB.!'W! 18 8ft:>bHt'YaUon of Oot••1dehble a1~.tf1CftJ')e••

,()].J.era terW.1" _ea" b,)' the e.'nabUt'"

v1ti:l aoetoeand.ne vas .. low ... 12.1t8 pel' cent in fL1·lede-

Janeiro aDd 16."a per cent Sl> MaI'an. Ibeae Yaluea are

tar 1....1' t.tl8Ji tbe repol"'-4 V",.lue8 of » per ¢out by

Plll.e1 d a. (1918) and :It per oen\ b.)" .r.,••lau41'!ID .d .11..
(1919). PO,l%' rertiJ.1,,!h1,:h ..rUt', or pollen ar~ln.

tlUts ••• \0 be II ..\\8.r Qf OODOItn to ~l. oneder••



S.2.... Stigua 1"-=e,pt,1Y1t,. R71. length and
CWa'IJ 1.gth

l;;.:.t.1t)13a reoegUnt, of l1Daer b•• Dot been

Pl~()P"l.Y UIXlera'tood. h1Jau1,\8 or 1htt pre_nt aWd,1

!nu1cat.f.td that at.tpa relld.ntld nee.,t1. (as J~ed

fJ'Q'l tlH' prf)~t:.t* of an 00.) tr,'. OOe h,l\U' tt,) tive

hlur. art.!' n'.JWl' OperJU1,. Muonun,111 it 1. BUege.ted

"lat the UIIS t t1~o r:)r ~)oll1ntlUoo if) &1.&)&"1' is \/1th1n

one to ,ttlve !),()wri\ ue_i' fl'lVel" open1ni ..

L\XlS tNt tih1n .'y1. obaened 1n Jt1J-ue-Jane1ro

and rtUall IJJa3 1;). a emU.. or h1n<iranoe '0 auooeasful

polJ.1n~U Ofl.

Shi.)rt aDd th10k ."le eo long ;;)'f'arlea II., b.

helpful in 88biet'1lli pa1l1n.'-i.~ weoeali in g1ll1aJ'.

Poor p&eo v1af,)1ll" bad be. au.gee ted. ~" tle

ODe of the f;tOtoJ'8 ....POM1bl. for pollination ta1lm-••

in g!ngeJ>. Specific tecperntun aa well u hWdcll\J

Tequ1l"..-:nt f;)T pallfth gfltJ'Jl1naUol) 1187 be eVidenced from

tht'~ re8Ults .')f 'h't~ atu4.1e. on poll_ ge1'Linn.U.,}D.

J"Ult11,.,.tt ~ ;11t.tH~1· of thea. cont,1t1·:ma f'r,Ued W g1n

~:)$1t1~ ~span...
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OrO'll" l"eg14atoJ's v1••• IAA and OA were found

to haft no poa1Uft etreat OIl poll. lermina'U,:JQ. f!1OU&?

sugar vas folmd to have an 11;£luello. QIl pollerJ VlabU1\1,

the ettect doe. not appear to be of oemut1c type.

Aaong the var1t>W1 • ..u.a Vled, thec)f)8 Vitil

eight J).'- unt suorose, tbNe per cent gelat1D and 60 ppm

h::>l'lc #'tclc r~corar..nde4 b1 Pillat .Il..AL. (1978) was r~

to be the be.t. 2be beat conc11t.1;:xl 1.deot1f1tic fot' pal....

ge~llhlt1(.fi was keeping w1 th IIv1.' oo'~on c.Jverillg ill

301) incubator (26.SQC). Eyer; \IhC14tr tb.tJ beat oonti1 t.1oo

and tbe bea' _d1um 1d.8fJt1t1ed C1W'1Dg tJ1e preJJtmt inYest,l.

gnt1~, the lIaa'a. poll_i gend.naUJI1;)uta1ned \1M aa

l~ aa 6.20 per cent a.t ..aiDa' tbe l'ti..i;')l"tec1 figur•• of

1".; per cen~ tv .PUla! .11 .... (1918).

IJ'l1U&t1~ of pollen sehdnaUon vu mnrked by

1;'.1n~ uw sUrIS and the .x~ns1Ql) at th{;l 1nl1ne u the

pa.llev tube. Cilling of the pollen tU.ie obae!'ved duz1na:

the adv"neeci .tap. or polJAft aerm.Jl.t1orl, .... to be

a CGtIVlbut,1D& factoJ' fiJr tile pollJ.natlv,r; tB.1lure. Prior

to oo1l1n&h the pollen tube .'tdned a lEtDgth ,;4 108,U.

Sinoe the 8\11e leJigth va. 3.12 OIl, the pt)a.1b1l1ty of

the pallen tube fe80hing the ovary pr1;~r to GOWns 1.

r'c.ote. MoroQve:t, •.JIlCe tbe ooU1n. 1H atr.1.rtec1, pollen tu.be



,..trf~t.1:.>n tbrousn th. th1D nt._ 18 11kel~· to be

more CU.f.1CUJ.t. tuas. 1 t 1& cJ.ear tbtt\ pOOl' ,pollen

g6T~t.:l.m and detee~1ft po1].e tube iJ'Q"th aJ'fJ oer\ain

pr~t1c:>.l problema encouatere4 10 the pol11nntiun .tudl••

An e.81uaUQI') at tne 'Y8I'1aW.e. em;l.oyed 111 tbe

po1J.1DaU,;Jf) at.u41es b••a \)D the hault,s eu.'OU8.ed. 80

r"r 18 furn1aheci be10111.

A:J,)I~~ the st~g.~ ,;)f tlover u\111* for poll1

natlAi J bUd Stridflt and tnf' .tugti 1sl.1ed.1atel1 niter flJ\Ffl'

'Jpening vere unaB'1$! !'lct,;)ry .a .tts-a va. no' r8O&pt4..e

at theue 9 tnaea. ""JoG 'bird .t...... , viz. t t.hree h:)la8

after tlolt..r QJ,lenJ,ng " .. _U v1ib1n tb~ 1)t'!r1od ot sUa.

I'eoepU,,1\1.

},t!'!ll)Yal :)f the at1Pa end. partial Bt11.~ o,*p].e'te

l'i'Jt#.JVM Q! ~ .'yle ala..) tA1led to give suocesnt'i4

poll1nat1oD. It tab. 1JJb.1b1t/.JJ"1 subaf,aQcea pl'e.ent at \be

8t1gaat.1c ItUTfaoe or Allar .... _I'e the riElaSODS tol'

t.ne ta.uure, 8UOC88S could baw been obt~dned tbrOUOh

t.~e nJl;Jval ;l! at1SiAla and a'¥le. i$1d.lhrl~'. it the

unc·41ciuQ" natUJ'e uf the tbU'a a'tfle fol' yollea tube

~t.J:aUvnt va tibe tacwr fOJ* 'pQUJ,llat1o!l tau.....

7 '.)
u
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eucoe.S could ba_ 'beeII ob~iDed UDder cOIIJ,}lete

:reaaoYalof _Upa ahd tbe eD'Uh style. BLtt the cut.

end of tbe atyle bad. oD1)' 1 ••• avtaoe &rea ~ buld t;t-.

po1len. If t.h1a po1l2\ 1» 91.... 111 the 11,b' of poor

pollen prti11na\tOl'1. tbe po1lUHiU<m Nt back aPPear_ to

be Just1t18,ble.

In ~jJ).'10D S t\XU.... adequate polleD ..

ensured throUitl lnore_d. a.nel" or .PQ1.1en and auppl1

aent,aJ7 poll1nat,1Dna. au,. tho aao~..>dHtl'fe area. of

the at1pat1c 8Ul"faae end ... out. end of ttle .\11. wa

11m1t.ec1. Poor pollen l.rlidnal1on cJUj4_ .1'b. PQ';)r P'>I.181'1

t\OC-='JdaUYe power at 'the :rttce1'f1ng cd mlgbt bay.oeen

conV1out.ory t60tol"~ tar a_aU... nUiu].te.

Pollinau'!3n with __ po1len Ad D'Jt 08.

8uocesAful in 1nduclng tit. neoe88t:try .UmulWJ 1"eqU1:red

fG%' auooeestUl po1l1fiat1on.

Pel't1l1aaUaD taUUh ovini'~ to POOJ' pollen

ylabUlty and def.oU~ goUe ~ arovtJl resulted 1D

aeed-se' tdlure 1ft a1npr in tn. pre.eDt 1n'M.~\1on.



5' .,.. Eftect c4 powth reiUlators an no-werina,
po1l1natlcm 8114 .ed••, in R1o-de-J_lro.

5.5'.1. Floverm; Cbal"acWl"ut,1e.
5.5.1.1. J:')qa :Cr. pl_tiDg to flower1ng

.Aaolll the lrowtb J'eb~atol'S tr1ed B.u. 50 ~

vu tl,)UI'lf! to 1nt1uceeaJ"ly flover1.nc. P081t1". 1nfluenoe

of ausJna 1l'l induc1ng nlJWI"1Dg hed been rept)r\e(l bJ

Mabellbwal'1 o.nd VeIlkatar-. ("") ana M10hr4ev1ca aDd.

Xam18Daka (1965).

IAA ve8_,,\&1 htlYe .now tbfi Wend or l.nt'uo1l'lg

e8Jl'11e,. tlowJ1.ng with lncreas1ng C\Xloenv"lUons rr..
10 ppm to '0 PpIlJ. Dnl. 1t ... tnat h1gher oonoentl"nU~JO'

of BAA, abO" SO PIa might, be belpful in 1na.1l11 .u.u
.ar11~Jr tlowr1Pa.

12le ob_M't!tlan that, una del~d the flOWR.rthC

may be explA1ned trOG 1\8 .tr.\II OIl prOllOt.!n& Yese"-'1••

growth (Section ~.5.1.2).

S.5.1.2. "'er or U11.- pel" pleDt at \be t1Iae of
noweJ'1nC

QI\JVUl J'eauJ,atora ab1td.'-d. a uegJlUft 1nfl".oe

lIn.hila ur_ bad a poa1\1•• etteo, _ tbe nwabeJ" Qf

t.1llera producecl pel' pl.., .\ tile U- ot tl0tl8J"1n&.

tb.. obeenaUQlJs belp 1n t2UClstnl tibe .tt.., or arow'"
ftlU1a\ora .,d ur.. QIJl plUll\ iJ'ovtA .0. floven.na.
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l1Deu.n (15 p..->._ tuuai to o~tr1bUte tor

exte~d tlo,,~l'1ng period iD R1o-de-J._1ro. 1h1..

ob8eryn'ton 1a stlPpor" b7 the WeNtl08 'fib.' an.Un
1, ppm In-oouced 1101'. llUIlo.r ~ 1rttloreacencfl! pel" illaDt

(8ecUt)ft ".5.2.1.) and mol'. number of nU\iel"S Plr 1Dtlo

r~soence (section ~.5.2.5).

5.5.2. lnnoreacenee ebaraeMr1auea
5.5".2.1.10\81 1Dt1onuloenoe pel' pl.t

1"tUJc~n... ;>rt:l.t1.lot1on vent eY1deDOeC1 (harJ.n~ tilCl present

1nfttlM,ant1,m. Evl~eea of tnYOIlz'f1Jaltl -rtect. at auxin.

on nO".rini had been ftgorW b)' Clark ~ KlIma (1~~)

1n pineapple. S1J)Oe RUlrel .....uta recorded lep...

IQfiber of 1Dt"1ore808tlOe per plaD'. 1t, apji8&T6 thai the

IHchan1am ot pr_oUng the 1Dtloreseenoe pl"OducUQl1 bJ

NAA in dlipr 1a not .t.d.eI1Uoa1. \0 the ODe in p1neapp1e.

1'h& t ...Oltt'able lnfluc. of lSJjet4,n ~ iDnorcwcenoe

prodUcu'oo 1a in GOPtond.\J vltb the nporta oJ Haheabvarl

end verlJca~ (1<)66) enu Ji8k.,... Ii a. (1j~~).

Beti.aUw 1ntlu..,. 01 UI'e. OIl 1Dtlore••nc:e pro

duo\1te ., " ... to it. poatv... • ,te.\ p tm..
proouekOD aad 1'. ten4tmCl t.o re\a1P \he pl8D\ 111 .e,e\aU".pb_.



I'••ul'ts and '"ada betDa 1n ldenUc6.l 1.. .a

with Sect1,on 5.5'.2.1. __ exp18Pat1one hold good

ben aleo.

l.U,ot!n 10 aDd 15 ,PJI and RAJ "0 ppm reault.ed

1n U'ie produeUonot teftl1n&l 1Dtl~r.SCt)nC8. P081U ..

influence at unla vas al~;,) ..1denced 111 thu; respect.

bOienoullly &ppliec1 J(1nQ Un aua BAA m1s.tlt have

Ui..;veQ ;1'1'011 the leafths t.u t4ft apJctil lateral bud~ tl:l1'o\.lib

the Pllo., vril18t\JlIiI1flg 't4e ...tat1ve bud to floral

bud and. tn8hb1 pJ"oouc1lli a ter:Q.nal 1nt'loreacenoe.

ExogGlwus aPpl1cnU.a.."'l at gowth l'$iUJ.~t\)J'~ o1ght ha••

e1tl.0z b1&~.re4 t..~ a.cU,,1tl or aub.U~~t.ed. the role vt

\.~e llatUJ:'t~ iJOcm',1l'li f.lwol"ma ~4';')1"v_ll"aPQl1".

FaytAaatWt ettect,. or BAA (SO and 2S p~) aDd

l:1net1n (15 0114 10 ppm) aud the _gat1ve 1nrluence <)f

una coUld be exPla1Ded OIl \he ... 111Ma n8 discussed

in seotion 5.5.2.1.

7?
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IAA 50 .11 v1thout urea could be angled aut

as tho \Xlly Vefl~t. oapable ()t ;'iJ"oouc1ng 80rG mamber

or flowers per 1Dtloreaoenoe COIII&l'eG to control. If)

n." or the favo\l3:able 1ntluenoe of Btbrel (25 and 50 p.;e>,

1t 8PiJ*ara that the 1>0$1'1"'6 .tteot or BM on the number

or flO\;era pel" 1n,noX'e8C'ince Ii81 be dUll to the ethlleM

.~c11ate(j mechanl. SA 1n plJ'Hllappl••

OOounenoe or abftoftlal noral 8truCtures .1DS

lealn_d cue t it. 1s too early to ~akQ aJt1 interence on

the role of growth regula\Ol'a and urea 1n t.hia respeot._

file obHnaUona tha' INWth ft4:itUatol'a aDd urea

tr8atQen\a had DO al;n1t108D't 1ntluGDOe on 'the t.1IDe of

itllu...w1s, ~1iiJ.eJ' clsb.1auellfi and retf,n'1:.>D or 1nd1y1d.Ya1

flj\ll.,.a pv1nt lJUt tnat ~ n~&1 lJiolo&}' rJt ginpr U

not l'oaUlatett b7 il'Owtb. relulatora but b1 var1t.lMl IDd

0118&.0 ~aot.oJ>s.
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5.'.5. Po1lCl obar••r1.t.tea
5.5. S.1.Po1len 'pl'cxhIOUan arsd aor,ibfJ10tJloal re.wres
;.5.;.1.1. Knell' or poneI' prootaCu'QD

!he (}bserved r liYOluaOJ.••treet or grovtb reg....

lators and UI... IDl\1 b...'Vlbuted to the at,1mlttt.oJ'l

.rrect or growth h~ul8.t,ors at, \;le gene 1n81. man1t8~)te4

alii the acUYnUOD ~ apec1tio gene ftault1ng 1n \he

ayntbes18 or apeC1tl0 dtBA _d. en.,..aasci ttle c;;:mU1

bu~')r.v role vi \ll"8!i and IJ'ovtb regulators to the .11

content.. AmaJ'J& the gruv'b re,Ulat.ozot>, BAA and I1peUft

wre found to ta'fO\U' til. pt41ea PI'OducU.oo. She !'Ole or
auxin as a ooosu.tuent:'Jt pQ1l81 (Takelo8bl and FuJ11,

1961) and the po~lUYe efr.., or auxins and clU1n1ns em

t.he lI!!ttura\l00 ,:4 onlan nntber ... (".811 t 1~?) llI81 be

quoted in support. or the preS.Dt obsennUona. 6\1wlatorl

ettect ot C1\ilk1Jl1lUJ :in ..11 41nslO1l by ulOr...1ng the

81Dtbeo18 or DNA and _ fll. aid that, of auxin 07 1noruaaJllg

~.he rlboaollu I15A Id..r#lt haft resulted in ellbaDced. poll.

pr~ucUon.

2b8 appaJ'''' poslU.•• 1nt1ueDoe or JIM veatlleuta

end urea on the d1flt_\er of pGll... aro1lla CJ\\ld be

espla1ned «l the 3_ litlu .. 111 6aoUOI1 ,.,.'.1.'.Jt>reOftr.
audD 1ncuoe(1 ce11. elonaaU--G .. a l~.ul\ or the .toro



fibril 8,.Dtbea18 aDd ita WQl'porat.1QD 1I1t:> tao core or
tLl. Oilllvall oanttlbUti.Ds \0 .. inOhue 1n the dI7

ve1sht at the vall ..., ~. I\!lD)ther po.sible reaeun for

~,e 1ncr~/a. 1n p'lUen U ..ter. Etree'. of a...1I). on

t.'le s;yI)tbesu ~t II PJiA. f1JA directed pro\f!ln _",tileal.

and. tb8 8,yntbUS.. or oe11ulo.. synthe-.e tU.80 might ha••

oontr1bUted to tbt~ 1nCreaaed pollen d1ameter.

Enne thiekDeaa was r OWId to haft a !!lsl'tl1Dal

reduc't1on with higher le..ls or nn-\1D al1c1 Ktbrel and

10'''1' leftls or }lAA. &treat of aux1na <m cel.lwa1l

~tUCk.llns hU been 41~cu,s_d 1n Section ;.5.'.1.2. lbe

ex1n8 of U"ft po1JMJ appears \0 be • aepoa1t or m1cro

fibrils OIl the Inner faee c4 \he oeUva1l. 2h1s o.)f~.1

de:r,',tion. 11* held 9~1d ••1'1ai.n. tile thicker ex1n.... a

:r&mult or h1a..rwl l' I4Al ei)flceaVatJ.ona. Kt.hJleoe 1s tOUDd

to pl'~e the hUvall perueabW" b1 1 U cellva.1.1

cU.olut.1.;:;1l .tr..,. 0v1n1 t,o tAla el1'eo' of fa tb11e.

on p01l. wa1.1A. reduced asib. WckDeaa J'e.ated. Urea

b1 1\8 efleet in eltb.nne.1n1 tb8 tiUr3OUl" ancl 41th•• 01) 1Ibe

ceUvaU. also reduce. 'be ••111. tblckn.... !bus, the

ftduced ex1De tbtokn... as a resUlt of ~1 witb \IN.

treatment appeaJ'ti to ~ ju8Ut1ab1e.

80



81

Fa":lUrable 1Dtl.__ or IJ"OV~ nJulatora aDd

urea on poll_I ter\1l1t.,.., be cita to their n,Ulatol7

JIOle on the QI'ltbeds ;}E apecd1'lc buole1c acd.d~. _~.

and cell ClOO8UtiU.t8, softm1na the PQ1.lCl terli1.l1'1.

Sh>rt ~t11e atu) 1,tn6 ,)'fary ar~' de81rr"t:le for

success 111 p-:)!J.:.rH;t1on. fesUl,tM of tbe present. studJ Iho",rq

that grll\Nl ~Hulntor aDd urea ,".tsen~. were not ct.Pable

enough itl I'M~1jJult'tirli~ th.. n11. and oyary ttJ the 8Gyant&ge

of b1'9eding. t3'..nce nQ wbatan\lal ~J.8J"y ct...lopal'81\ Gould

00 acn1eved by the gr'Jl;'th ftgul~tor ad urea treatment.,

the p,).sih.121 ty of obtr.1nins a .PU'••D":~aJ"p1o tru1t. cle'lelop

ment ~)~ar£ t.o be 1"tlfl':>t8. Howe"r, tine b1itH~r conoCltrat.1t:.aa

of l1naUn (w1tb and v1tbJUt. urea> ana Bthrlll h,.1.th urea)

baY. 1Dd1cnted .CIIft prom..1ng ftnl.\tI 1n 'ttus "_puet and

bence are VQr~l peraU1ng.

PoUell pr'll1n&U~ ... ecbiew" ...1 tb lrowtb X'8itl

lat;)J" th.~"ft8ftU 1JI sen.Tal with the ':JAl¥ eacepUoo of tba

higher ooncentraUon of fltbJwll. B1J.iher concentx'at1ona of
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lAA oM: K1ne\Ul tavO\lJ'f.i4 poll. pra1nati,\Zl. Una aleQ

contl'1ou~ for the _. A .QII~.OP of these relUlte

w1th the ooe OD tbe etreo' of gI'OW~ l'fiBulato!'. and urea

00 tot-a rert.:Ll1t7 of po,U.. gJ'f11be .jowed 1Wt:r~t1ci:l

pa'1X:'m. nU1S t 1t ~pear. tbat. 'the acetuGarldlle .a\ of

pall. fert1l1t)' 1Jl &1r.'81 18 • true 11ld1CaU....m 01.. 1he

pc4len 't'lab1Uto' in "apee' of B104!a-Jane11'0 9ar1. '.Y•

the esplaI2n'1on. offeree! em tne 1nflueooe of growth

regu1a~)I'1~ anti urea 0# pa1l8n tel"Wlty are thus ",116

r~l~ too.

BI1h$1ced pollen tube gowth \ft\& ac t ,1eYed wltb

NAA SO P?D and 25 »18. Leapold and Kr1~d.elMIJ() (1980)

h,~Ye fur-uiahed. Vte evidence tor 'be 1nflUtlflce or auxins

\,)J) poll.) tube gJ'Ovtn. .An appS-alaal u1' thi:l trend 1nd1cttea

t.hat sUll h,lgber Qoocenva\.S.ons or tiM say be \rif.lrtb tryllig

to aotl1eYtf be'ter PQ1l_ tube ~.

»'allure 1n ,P0111naUtm .~.. 1Dsp1te or 11".)\1"

regulator appllOaUan 1ndion.s t.btt Moe_tty tor & 1II0re

8)'st0luaUc st.udy b.-d .;xl the reau.1\5 ()! tbe PleHlI'

1nYe8UpUOb.

5.5.9. -_...,

l' liP no' po.1bl. to OftJ"O._ tbe long

preydl1l1g Pt'oblemof f&1lure 1n ."-set 1.ft 51npr '"
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the appl1caUao of povtb "'llI1ato1'"8 with and w1Sbou'

urea. !loveftr 1\ VU po..1ble \0 Ull'ov .UGh l1dh" on

the taet.ora c01l\rlbut.1aa " the h1Jk.ranoea 1.n ..ed-•••

Toxic aub8\ance. at. the dtlpaaUc .~ace va.. toUDd 'to be

DJt. a casu" tor po1l1Dat.lon taUuna. lbe proble.. of

.pOOl' poU~ .1abS) 1.ty ancl pa1J.en t.ubesrowth lien

\aek1ed to lID e.tent bJ grOW'llb regu1atol" applloaUon.

III an a'tet4P' \a ovel"Ca. the inoollPaUb1l1t,. problems,

rd.xedpollerl va. eoployed tor polJinntiov. the td.1ure

too achieve ..eel-a.t, .wn "lUI .u.d pollen llid1Ca.8

that lncQflPa\1bUl\1 IIa1 no' • the tutoJ" CBUs1n& _".,s t

failure. atfect of ,~ .... iJ1.lla\oJ"B and urea on tn•

•":rue'ural. 8l~d tuaot101lal aapecta of g1rlcwl' n0W01" wu

indicated dur1ng the pre.eat bl_s\1ttntlcm. lb...

pO$1t1.e reaponM8 can be Qillo1teci toJ' better results.

%he irap~o' of grov'Ul reouJ,.atora wl'h &n(i wl\bQl.It urea

on llega and JI1ero aporog.aes18 liIb.1Ob was .not. ~ell \19 10

the present 1nftaUla\100 18 a field. tor fuwl'e .tucU....
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nowS"iDfl ehar riat108 c4 tne ayd.1ab1.

ftl'1eot.1ea or g1ftSe.. 3ISd tteo\ at SlOWtb npliltor.

on the ntlWeJ'1rlg cnanc\er1aUOs t po11JJsaU~ aNi ----,

in 1l1o-6e-Janeuo ..die., of giPpr.,. .**U_ at tIM

DeparttWJlt or Plant.aU~. CJ"optt ~d. No••, CQ118t;fJf of

HorUcultld'e. rerala AlJ'1CuJ.."td'al. UJ.hra1'¥, 'allanLkkara

duriftg 1981.'83.
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t~ 1lt"oO hours to 1'-'" bQlUJ"s (\he pe,. being be'","D

'"-5 ~;) 1500 bJUr8) 1D .10-4••.1anwa and "'-)0 to 1600

hours (the pe* be1l'1g be-"n 1~ too 1515 hours) 111

MaT~:. PI'agUe aDd Ibor\ lived nature ( <16 hours) ot

ginger now!". was no\1oeci. I" \ri&S obaerveQ that &.Other

dehiscence ~r·.kes plact:' '0 to " lWlutas (lU.o-de-JIlP81ro)

and 20 ~) 25 m1Dutes (Maren) after n~~r openiPi. PleD"

or polllll grains, the count per n\JVOJ' be~ '.8'; ,000 1n

R1,~e-JlIJ1e1r(l and ',91,500 1n Mar_, are present 111

glnt~er nc",ers. P',llen gr·t1Da or ootb Rlo-de-Janurc) and

MtJ.2'1m ~r@ .ph.r1o~1 \ 1 th thick ednea - the thlckn...

l:M1ng 9.731-1 1» F1o-c1e-J3IJ&,lro and 10.15)l SI) Marltll. Poll.

tert1l1ty, u ....ea b7 the aQl1nabUltr vitti ~t<JOaJ"(d.net

was as lOY &3 12.48 per oont 1D l1o-de-Janeuv and 16."2

POT' cent ill HarM. In bo\h the .,~rl.t:1•• t .'1&11& r~.
receptlft troll one hour to fly. hour. afW)~ fl()w61" open1ni.

L.~g but. tb.in style vas not.1oeri botb 1D 1\1o-de-Janulr,J 8JXl

HaI"!>n.&tyle len~th 'VariH Cr_ 3.12 Oil (~1·:>-d{J-Jane1ra)

to 3.;0 _ (Maran). OYaJ7 ler16tl'l vu foUDd t.\l oe 2.S0 _

1n lU.o-<ie-Janelro and. 2.60 .. 10 ~.

ti \.Uti!_s w1tb. the po1len &r:~1D' ot 1i1.a-uift-Jane1.ro

1ndlcatec1 the .peoltlo re~u1reDeD" at tem,per:1tu!'. and

bum1d1t)' tor pQ11en gerll1naUcm. IAA and GA ha4 no

pod\!... efteo' 011 poUen pndna\ltm. AIIOPI the Yf1J"1oua
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.ed1a tned, the ane ,,1t1l 81tlbt per oent aucre.. tune

per cent selaUn and 60 PP3 bor1o ac1d was tQUDU to be

the Desl. Dle be., oooc11UoiJI1 ldeptU'leci for PQ11ea

gero1na\1::.n wu keep1Di V1\h .01.' co'too COftr1ni 1J'1

inn 1ncuba\'"J' (26.SoC>. !he ..xj~ poll.. .;er1l1DaUiJlj

obta1ned was 6.20 per ceo\. Call1nb at the pol.len tube

was ob_rved (haring \be adYaDced .tapa 1.. at a length

of 108 u. ~e po.lbU1', or toe pollen tube renChing

the OYaJ"S through the thin ...18 at 3.?~. _ length, pr1Ql"

to coUlI"Jg aPpeal's 1io be rellOte.

Poll1n.flU<%i lid earned out 111 fiJ,,>-d.e-J'ene1ro

and Marnn emplQl1n& the var1ables 11k••~e of flower

(bud stage t 1ImleC11nte11 after 1'10wel' open1n, and ttlne

nC)ur. after flowel ~peIl1rl')t cvndJ.t1vn 'J! st19ta (part1a1.

and coaplet.e rei:#..iftl of _\11e>, denll1t1 ,)f pollen

(smeaJ'1ng once, ,.,1ce tlIld tbr10e ~1th siaDdard. brullb) t

mUed~ (iJ,naex pollen 111_ \11tb 81til-un' A1.~1n1at

.iedlchl~, Ku_.n.a or C08twJ pull_> ane supp1emenkr1

po1l11a;,UC4I (repeated po1.11naU;JD tv.1ce at two hours

1nt.erval ). lio ......., .. Obt&1ned 1n tJl:Jl of the.. CaN,,,
Or..,uth rnSiUa\OZ'.; and urea WI'G found to haft

n~ a1gn1.f1cnnt 1nf'lueJ1O+1t an the n~~eT'1r:g enaraoteriat.loa

:')! R1:.,~e-Janeir,.,.. 1I0\teYer. ,poslt1w !etlnUrance of Ii"
~O ppm ~ 1nduc1n8 early tl~1'1J1I and Kinetin 15 p~
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on the duraUoo of nover1al ._ :1Pcl1cate4. una

bad. an appareDU, Mlett.... • tten on the tlowr1Dg

charao_1"1aUo••

P081U....ttects or -AA ..4 11De\1n OIl 1nno
resconce producU,oa wen obMrn4. Pl"oouc\101J of

\UID1J)al 1nt1oreacence was t a'f0UJ'e4 01 UneUn 10 .PPI'

aDd 15 PPII and BAA SO ppm. Unaa _... 'Q lavour the

proouc\S.oo of teJ'81D8J iPnoreeoeDOe. Favourable .tteo\a

of urea on the lencth or \be Jnt1orescenoe 'Were 1nd.1ca\ed.

liM SO PPII v1V:u:.>d urea pl"Oduoec1 apparenU, more DtIIIber

of tl~.r. per 111£101'__12.. O'f8r CODtrol. j;fteo\$ or
Srowth reguJ.atoru an4 ur_ we" nat s16D1t1cant, in this

respect. A ~:tnd. that una oczV!but1na tor 811gbt

reduction 1n tile Dwaber of nowrs per 1btloreaoence ...

observed.

Abnormal floral .t.nlc~ OOC\lJ"hd aa lao1a~

cues and 80 the etree' of arowtib ",\G..tars and Ul'ea

vas not, interN.

Growth rep1a\or aIlC1 lII'ea "."ata bad DO

1nnUeDCe on the noral blo1017 of I1Dpr.

BAA 10pp. aDd all tb.e th.... levels of Jti.aeUn

pro<lUced more IUlber of pollen ara1Da per nover. Urea
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alao .bib1'" a poal\lYe tn_ 1D tn1. ..espec\_ Jill

apparent, poa1t1Vf3 1Dtlueuee of IAA and urea Veatllellu

on tbe pollel) 61.._1' vaa nou.nd.. Kar61nal ..ec1uct.1~

or d111. th.1oknen dtI ach1e.,.d with higher leftl:; of

X1netlI. aJ~(1 Ethrel and lowr left18 of 1.1.1. Eth:r&l

100 ppm in comb1natlOl1 vitb urea recorded. the &I;.Ql••

• slue th1ckneas. GrGV1ih ft&ulatortl, ld"ea. and tb.e1r

tnteraeu"JD bad ~1C$D' 1nflu81oe '~n \Ue fert111t;.y

of pollen g:r-n1na. ~i tn. po-wth hit.a.atNr tn.attllents,

UAIl 50 ppm, lC1ne\1n 15 ppa and 10 ppa recordecl a1gn1tl

cl~n' inerement 10 po1l. teJ'Ul1.t,. over control. Urea

vas f·)\JDd to ale! in enhanct1n, the poll.er; !ert:U1t,y and

recucJ.og tn. poUetr1 8-'1111\1. Aiterel 25 P.PUi 11'1 001101

naU(¥l wit.h urea fttcol'tied \be -.xi... po11.1 terUl1\1.

A -.rg1Dal. reduct10n in -'11. length ",aa

achieved V1U1 the ltJVer ooaoentr&Uon. of UneUn and.

Etbn1. K1lleUn 15 PPII .4 BAA 10 ppm resulted 1n

lontieJ' oYer1... Ha.dIIUrIOY8Z7 length vae achieved v1'b

nnettn l' ppa v1thou' .....

• 000g the sravth "&Ulatal' vcatanenta, Miller

conoent.rat.looa ot .IAA aId liDeUb aI1d 'libe l~.'

OODO«ltJaU<m of BthJ"el reoolUc:l .SanlflcantJ.1 h1Iher

peroentacfl of polJ.e prat.naUOl') OftI' cCIlVol. Urea

esel"wd a fayourable .tteot em po.1..1.e pndnaUw.
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MNdmua poUen lendnaUon "u aon1eYe4 with ~t;U"el

25 ppm \l1th U1'... Ufect or Iftfwth JtiJ~\Ilat~a 8lld una

on t.~e .rer~U1'y of pall_ lI't:wa and pollen iCInw.aU,Xl

roll;:tweci an identical Vend..

With •• exeept.1oo8 or J4AA 25 P1*1 and ,0 ppm

tne £~ro\ith regulator il"ea\mlmts cJnt.r1buteo for poi,)r

pollen tube growth. Urea ap,pears to favour tho pall.

tube ~o'Wth. 2be 11AX1liua yal. or .PUll-en tUbe iJ'ovtn va.

obta1nad 1D ttl\! cue at IIAA SO ppm w1th urea (162,u).

All the planto of IU.o-de-Jane1ro II\1bjected to

growth regUla\-?!' vea_p,- \11th .-.(2 withou't UJ"e1l _I'e

p0111l1&"'0 1ft all J)OII£flbl.& c_b1Dat1ona. Vas'1abla like

the etap at nOWl", cODd1.tr1on :4 sUpa, clen.s1t.)'af

pollen, mixed po1lMJ ~d eUpplementaJ"Y pollination were

tned. In DOlle ot'·,oexablnau.ona. aeed.-set. vu acn1eved.

Inc'Jmpatib111\1 does ~")t appear to be a re aeon t:xr t:he

tl'l11unt in achle'l'1ng ••-88\ 1.0 l1naer.
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AlPBUDIX - I
Arlalla1s :4 Yar1ance - lIGan .. (It aquare y1lluea

-
n&7. tram plant1ng \0 flowermg
till•• per p1an\ at the tsae of nowr1Dg
I'Iurat.1on !'It nove'J'1Dg
Total 1Df'1orescence per pIalit
Rumt»r or _aPe per p1.aDt

JIusber of w11d.nftl 1ntl:::lrescence .vel' plAJ'lt

Lnath or b\tl':>:rescenoe
Juaber at nove... per 1Dtlol'eacerlce
Pou. PJ"~UOt1OD (II). of po11.i .;ra.1lla/n~l)

J)1__ at PQU_ sra1D8
BriM tbiokB_ or poll. graiD.,.nn. poll. p&Jaentep

S\erUe polJ.. peroeD\q. (unat:aJMd)
sterUe pollen perceataP (J.rnlUlarl, .:taPed)
S\erUe poll. percent.age (\o~J.)

S,,18 1eugth
~aJ7 l.ellgth
Pollen prll1nat,j,(Z1 percentr:p
Pollen tube grovtb

Grow~
regu.l!itor
(dt • 9)

Urea aro\oitib
(c1f • 1) relulator:a

una
Cdt • 2)

Bft'Or
(dt. )8)

-'8.697
133.056

9."82
55.EkJS
52.361
".201
5.819

16.S60
191.6'"
Ita...

).175
2.&t69

26.6j8
10....
1.035
0.031
9.5~

0.-'59
983.309

liS
•••

---



APPIIi.DD. - II

-..,..-...'

t'eaperature Relative bUlddJ.t)' total l\a1rll ~tU

(OC) J'1l1D1"all 4.,. 8Ur.UIta,1n•
• .%lth

____ A - hours

MlrJ1- Mazi- 0730 ""30 Mlnn.. .. bours n;'>UI'$

•

APrll 25.80 )6.20 - - 66.00 - - 270.90

IIa7 25.S0 )$.10 - - 69.00 37.1to .).00 2If.O.'O

JUDe ~.'O 31.90 90.00 6'.00 79.00 ]8?20 19.00 11).80

.1U1.7 23.70 29.10 ~.OO 79.00 87.00 580.60 ••00 19.50...., 29.10 23.80 93.So 80....0 87.00 7~.?O 26.00 6'.)0

September 29.SO 23-1to 9).00 15.00 ".00 "~.16 2tt.OO 108.00

Ootober )1.20 23.10 90.00 61+.00 17.00 ""9.80 6.00 21;.80

1109._1" 31.80 22.30 IJt.OO 58.00 71.00 60,20 3.00 ~.90

Dece.;,ber )1.20 2).90 11.00 55.00 63.00 2lt."o 3.00 215.60

- •

Souroe • Met8rological Ob_I"YnCol'Y t Ye1.lan1kluara.
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novenna beba't1OU1' eel floral ldolO8l of

fi1o-de:-JaD8Uo aa4 ........ b eftect. or il'Otlr"th rea"'....

laws ~&., 1C1nettn (5, 10 aDd '5 P.PD), Bthrel (25'. 50

and 100 PlD) and BAA (10, as aacs SO ppa) in comb1Da\100

vith ~ per cel1t urea .4 v1thou\ ure. ~ nowering,
"-

pollJ.nnUoo and _ ..se' 1b Jl1o-de-J..1ro wre nud1e4

at the CoUece of HonlculWre, Ierala .A&r1cultural t.kllftr

.1ty, Vel.lardJtkara cu,ar1D& 1981. '83.

lb. obJecUft or thAt 1DgeilUiaUQD vu to ......

the .Ye.11able YAn.U.s or dacer tor tlover1Di utJhaY10ur

a.Dd to eYaluate 'tbe etteat of arovtb reiula'~. w1tb and

without. una on tne tlowerlva behaYiour, t1orf!~ 0101011,

flora.l atl"Uoture, polUnat.1OD .cs _.._, in Il1o-c.e-Jaoe1ro.

"the pa.lb1l1t, at Ofentwinc tne problea of IIbl and 1m

lUlU' nover1ng, poor po118 prll1naUoo _0 tb& ta1lU1"e to

.et ••• &lao .. uPJ.oreet dtar1ftl \be 1DYeat1&aU\AJ~

_onl the 25 art-tie. attad1ed. nOl#erlng vu ob.......

only 111 tvo yar1eU b., Itlo-de-JaDeSro and ManD~ Coed-

derable "~J'1~ti-G ,.. noUoed _._ ll1o-de-Jaaeiro and

Kar&l1 witt. napeo' to nowen.D& bebaY1oUJ', u;tent of novel'1a&.

',pe8 :4 W'lor.aoenee, t1llutUeD tor ..pe de..lopeept,

antbea1a. anther d8b1~. poll. produoUo.o, polJAD

t."111'1, ..,1. leDitb aDd aYaF1 1-.til. Lor-I but. tb1D

.\11..... nott..d bOtrh 1D lU.o-de-.T..uo aDd Maran.



In!eapeo\1Ye ot the Yar1e'J'. nowl's _re to\Ukt to rot.!

and <11'1 'Within 16 haur8 atter tl~J" opening.

the -.xl.. PQ1l_ ,endnaUCX1 (6.20 per ceDt)

vas obtained. 1n the .d1. 0CID\airi1nl eSib' jle:r oeD' ~or~"t

three per C8Dt ae1aUll aaCl 60 p,. bone acid UDC1er mo1.'
cotton coye:r1rlg 111 OOD 1Deuba~J' (26.,OC>. C;;JU1r.g of tbe

poll~ tube dunrig the edwanced. .t.t,t,ge8 at poowth va. no\1.oe4.

'o1l1DaU~ earned out. 111 R.1a-de-JaneUa and JlaJ'an

-Pl\)llr1g th~ YaJ1.ab].e. u.k..... or novel' (b\ld st..._,

1amedlate1J stter tlawal' upen1n, aDd three hQurs artier flover

open1nl) t c~d1\1';)1) at .u.... (part.1al arlC1 oomplete remoYal

or ."le), etena1tl of poll. (_arlo& 0&::., \vice anti

thriOe V1til .\aQc1aJd t.mJah), zd.sed poUen (g1ncor poll.

nth e1.\her A1,p1rdA. Bedych1......pberu or Coatua polleD)

and Alppl_.tary POU1n8U~ (npented p":)lUn~'1on 'v1ae

at 'yo hours lnWJ<val) f'ailed. to noord al11 pos1Uft endG""
of ...-set.

Bttee_ of growth .I'qU1atol'a ana una aD n~r1D&

beh••lour. 1DtlOl'8floenoe cbarae.l'uuea and n()ral .\l0u

cture. of 41D1- vas eY1dePoed aUrin. tine .tUd,. ('a.ourable
\

1ntlueDOfJ of BAA SO .PPIJ on 1Pduo1q earll tJ.0V8J'1n1. l1De\1n

15 pPm on the dura\1OP of tlowerml, BAA. and lC1ne\ln I.lD

1ntlor..o~no. prOcH-lOU-oa, J.U. SO P.- vltbout. urea on ttl.

DUmber of novers per 1atlore...., BAli 10 PPID aDd 811 the

tbn. 18..1. of 1t1beti1D OIl poll. Pl'Odl&OUOIl. BAA 00 pol~.



U ..ter, h1giler 1e..1. at DDe\1D and .ItbreJ. and lower

le..els of %iAA ~ es1rl. tbiJm1Di, BUuel ~ PPJl 1n oC8bl

na't1'Jl) w1tb wea, X:l.DeUD 1~ He v1th urea, lIAA SO P1* and

.K1net,Ui 10 ppm ..m poUtIIl rert.111\1. ll)lWlll' left18 uf lUDet:I.D

and l'-threl i:,)U r$C1\lc1Pg tbe ",1.18na\h, JC1.net.1l1 1; , ...

and NAil. 10 .Pi- on ovary leagth. Bthrel ~~S ppm 'W1tb urea and

b1&her left1. or JIM and .K1DeUD .;:e pollen S81"m1nat.1on and

NA" 50 PP&I QP pQ1le tube povtib vas r8v_aled dur1na the atud1+

Floral 01UloU or N.~aDe1rJ was not 1nf~ueDOed

by ~l'()'l~th ft&uJ.ator and ~r... ,"8"'n'a.

Abnoraal naral aVucturea oecurftd as 18Olate4

08888 and therefore \b.& ro1. o£ P'OVtih re&ulator'~ aDd v ...

1n thl~ re.pect ·was no' ole... tJ'OlQ lbe resUlts.

fpoll1nllt1(;,fl oarr1ed. out. .iD i1Dfler (var.1l1a-de-J8De1ro)

planu, subJected to P'Owtb ftplator ueat.meb'- v1..,1 and

vithvU't \lJ'8ll. ellPJ,011Dc the YU1.ablea like .\~;;;e of flower,

o~d1\li:)D ot at1I.. deus!t¥ of pollen. aixed. pollen aDd.

al.lppl.-ntar, »o1).JnaUQD ta.Ua4 \0 reault 1n seed-.i~

\1 10 &13
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