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 INTRODUCTION

G@mtf@px%m (F%ANK lgﬁaj s the f@ﬁﬁaﬂsa of a vhole
? it and garuw 04 ﬁlﬂﬁ,ﬂrto ar&v1ﬁy and is maﬁiﬁ@st as the
curvature uev&iapaﬁ by a-planﬁ ﬂrgﬂﬂ wh@n itsfmxiautatiou
ﬁ@viat@sEfrgm&thﬁt which it noxmally maintains with respect

;&o gra vi*y, b?@h?ﬂpkf TRSPONICH hUVm boen Clﬂ%%lileé

B Y Q dinr to thﬂ ﬂfitﬂidL?ﬂR of Lhﬂ Qrgan rwlaLJVﬁ to Lhe
. i

’d:ro&txmn of Lh@ wrav&&atxmnnl Jﬁfﬁbo ihn central axes _
uf,ﬂ05§ Rlﬁnts rgw pardll@a B0, the ﬁdrmLL%QH of yrav1ty anu:J 
ara:“&id-té ha ar hO?QULTQpnw : I& their growth is in tha)‘
dire Ltlﬂn of vrdeb; f@.n. primayy maot i) they are sald to
,ba wﬁ%iﬁLVPly quhﬂfﬂﬁﬁrﬁvi&y Lf mhmy Evow in the éppaﬁité'
ﬁ&??d&lﬂﬁ h&y aye. ﬂ@;atlvaiy ﬂrtbo otrﬁpzav(a.g;up m&fy
shoots) ., I,_ prmmary ?aaa or shoo c i§ displaued ﬁ?ﬂm‘la;
:pfwivrrad mrlauuatlan with ros spect tg‘graviﬁy, it develops
vquﬁCuym uﬂ reg ﬂin its Furnm? orientation and this nurvacur;"
is the pmn?rnpla ruspeuaawf“.ﬂ 1@L@ral oygan usually finds
! .h§HL1ihT1ﬁm at ﬁn anﬁRP o gravity, characteristic of iﬁs'i
'“gt@ﬂe af,dw?wlaymeat“aﬁ@“ﬁhe ﬁ@nﬁi@iﬁﬁs under which it is
grgwiﬁg,.mn&A¢urh a rcspun e 18 d tﬁ ‘be, vlapiodwozropac.u
”Qrﬂanﬁ whiav:graw h@li an&wily, iawt sﬁ, ﬁ Yigit‘dﬂmlﬁﬁ;LO
grav1ty are "gld 0 show di&veaLr opia hmhavxour,
R@gﬁarghah;q dargely N#“n Lﬁﬂfiﬂﬁﬁ o Lhﬁ urthmq»a&ropxe?

1quﬂnauh of m&mn axaa. : iha mu}o ity uL Sﬂﬁh ﬂrwnnﬁ are

. rxuxﬂliy %ymmeﬁilcal An& hho1r ewtrmuxc resp&usu 13 due ©o

a viffaranaa in - Lhw grnwah THEG Qf whe up@ww and lover ﬁaivga
‘af Lﬁ?‘&mlmui&fbd orgnn. 1he unuquaJ gvawth raha is
mdzatalnvd uﬂuTl tlie nrgau hwﬂumua VQTbjCﬂlav RA?ITU,HLR

%

{l@JZ}”h&§ ﬂiﬁtlng@lﬁhﬂﬁ ﬁh?@@ de?ﬂ?& bu* f vur z t%d'"




'5tepq'h1a§e6tf6pic fespan3¢.. Fifétly;‘the maghitudé':
‘and &irection nf tha 3tinu1ub must be - percelvad by the
rnot or shoet. . &ecand]y this information must be
transmltted irﬁm the re&ians of perc&ption Lo tha regions

'af response.“ Laatly, there is- tha initiatlnn of growth'rfm

";“proaesses 1n thes& regimns whmeh will give risa evantuallyfﬁih"i
it tha g&atrepic curvature of thﬂ organ. | 1‘
The meahauism whareby roats and 5hocts percelvu thexr,
=orxeutation n1a gravitatmonal field has baen a matter of
’.muah speculatxen¢‘ hxnea gravity dcts aquﬂlly upon every f'
'call af the organ, st1mu1atlon 15 uniform and therefare
“the most prebahla way for a plant orgau to percalve 1ts
'“”*fjorxontation is by the mnvament of unm ar mare of 1ts

.'mcomponeut parts. ﬁensequantly the fzrst sta&a in the

apracass of g rav1~parcaption may 1nv01ve tha nass accelerat:on -

) of ona or more mell& cell ﬁonstituents.,l Iha 1dentity of

~i_these maveable callular bvdieb is the QOHtTOVQrblBI problem o

"""""

NAﬂCLI C1353) first noted the 0ccurrence in some p}ant;J.;u‘

Cﬁlls ot starch grazns which were uapahln o£ movxnv un&er

 the iniluanae of a gravitatinnal field and- B?RTHQL& (1836)

| »suggesteﬁ a passible uahnﬁction betwaan thzs ae&xmentation jm,
;;@E “ 1 vand gravxmperceptxon. _ Gareﬁul expariments hy HABFRLAN&T
T i(lﬂua) anﬁ NEMEC (190U) d@monstrated a cloaa aurrelation

s‘Jh;b&twaen the aaaurrence of ?aasensitivmty in plant or?nns
*and the. pre&auca of 5adimentable 5tarch grazns which moved
,A“to the lawer sxde of the cell. within minntes Qf a_change in*:“

‘prmentatiqn, Thcsa se&zmentable starch Lraxns are almast




invariabl&ifoun&.in an& confinad T the gaofrbpically
sensitive zbnasraﬁ plénﬁs such as ramt'aﬁd shoot apiéas.
ﬁAEBRLANBT {19@@) and NﬁMLP (190&] simultaneoubly proposed
the atarahwbtutﬂlith thﬂcry in which the sgdlmentatxon of
1 ﬁha ;@ starch graxns waits. thaught to be responsibla fer
"gravimparcﬁptian.‘ |

- In the year% since the otarch»Statolzth thecry was
‘urigxnally prowased there ‘have bamn nany attempta to ustabllsh
'igs validity_‘aud gilar&a nunber of 1nve3tigati¢u¢ @ave.' i
pfévidaﬁ cirégmﬁtantial evidence that stafch grﬁins do act :
as staﬁolithé and piay an impqrtént rolé'in the gravi"_
percavtidﬁ’nechanish. | It is poss 1b1@ to dotcct plants
‘ TﬁhpOﬂdiﬁ“ to ?TAVlty aftor st:mulatznn timw of 1 -2

‘mlnuteq and £ar yravity tu he percbmved, an as syimetry must

. -be eatablishaﬁ 1n less than Lhis tine. AUDUS(IQﬁzj'haQ

calculauud th&t only starch ﬁrains are. 1argc and dense enough
:"tn ‘sadiment auifxciently qnickly Lo account for the speecd
of pcr&eptzon. .

A raview o£ 411 the eviaﬁnaﬂ for ﬂn& ayain;t the
pﬂssibia &ﬂvalvamant nf saaimﬁntahla starch gralns in tha
[ﬁt&?;*perunytion meehanlsm is not striatly ralevunt to this R
‘th651& and has bmen excaliuntly reviewed by both AUDUS (LJ&ZJf{f;
'and WILYIN& (1)5&) - However, since txa 1antﬁr ravxaw,“a.‘
numbar af 1m§ortant papers pmrtamninp to the aantravarsy
have appeurad.' A s&rious OhJUCilﬂﬂ to the utqrchw
Snatu11th theory has come from experiments in which attampts

have bemn'maaefto~remuva the statolith starch from plant




L

 furpan& anﬂ La tudy ah@ cffﬁat aC ?bm g zVitméidnalkséimulgs A

on th siarch ?rma organ.jk HnﬁarLundto!y ta tolith starch

W

Y

'1L" Q”Lr$mQ3Y'DL?¢JSKGR? and vary drasi¢c fr &amantoAare

h " ut

'-x»'rumumd 0 rm*wve Li.. .

tn 1966 P!CKARﬁ and TthANW us 5f7ﬁmaih0dk thdt wer

-

,,'nu;reedou

EE

;naubataan in @ oluti nfnf Lzawﬁan nnﬁ glbhmr@ilic; gl&

"at 0“? fnr 64 haurﬁ v Thoy 1nunﬁ that coiccptllaa dld natf a

‘Aromplﬂtaiy 10 v th@ir ﬁﬁﬂt?ﬂplﬂ ra¢pma ¢ven@u3;' Lompﬂrcdif@
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..tha un“ah ﬁx gamtraﬁic aﬁmmuiahlmnu Q;Althuuyh Lhe ﬁrowth
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“that mfluﬁt%%atéd roots. Thus in the aﬁsén&%lef starch
grain@, TOOLS wérﬂ-uhaﬁlm'iﬂﬂawientatwithwmsélvaq in a
gravitational Tla}d. $ubsﬁqunn£3y when the hmrmane"
ftreatnd, starchwfrae roots were 111uminatcd, Lh@ qtarch
-‘gr41n5 rcﬁarnnd after 20 - 24 hnurs and gcstranic -
reapnnaxvonesq réappuaran at. thﬁ same tima., Uniortunately'
IVERSEN ﬂmms not - ﬁfﬁ%ﬂﬂt any*data 1o Mub%tdutiate thid |
latter and nost 1mn0rtant nbsarvatxon. | '

IVERSEN (1§74) has recently rupeated thu 9xpar1mantb
of ‘pi;:mgm_ and THIMANN cmcm)_. . He also found that the
destarched Gﬂlaagfilgs‘@xhibitaa~a 5ma11,geﬁtreﬁig
curvafnieffhieh«was ﬂnlyllﬁ 4%:9£_tha aurvaﬁure‘&ﬂvaiopad
by the waﬁar nrﬁutm& controls.  Both lighﬁ aﬁd olectron
micrascopy revaaled the ngﬁasianal praﬁancu Qf resxdual
qnat@lith staruh 1n the ‘destaxched’ tlssua Yharmforc
‘thu small wQOtrﬁpic rurvatures nh erved by bath IVFR%FN |
and. ?IEKARQ and 1&IMAN& (196@) in aupyobedly 'd@starchaa’
»ralemptilas cauld hava been duﬁ o residual starch.

IVﬁPEﬁW (1974)'tested~tki$ possibility-by incuhating vheat
ca]eoptllas in a solution ok kinetin and gmbbcrell1c auxd
ut a Lamparature of aAQQ, rathcr than 30“& for 36 hours.
aub¢wquantly he waﬁ unabla ta detect any statolith %tarch
in the gcoleoptiles and these destarched coleoptiles showed

no geotropic response even after. 24 hours in a horirontal

position, although they were otherwise healthy and continued .

to elongate. Therefore for both roots and shoots there
appears to be a close correlation between the disappearance

of statolith starch grains as a result of hormone treatment




ras tm ;n mf thLVG@AL g@n”it*v tywhan thm hnrmeuai

and mhu 1088 mf waozTupmc FﬁbﬁﬂﬁaﬂV@ﬂQS?«”' Alﬁm, in rﬁat

th@?ﬁ lw q oJmuiLnnanu xvfﬁrmntian of st awah nnd

bTQHﬁmﬁﬂ?'lb stopped 4nn uh@ fOGﬂa awpeﬁad gﬂ lﬁﬂhiu
R@;ent warL i; iving T@ﬂuVﬁK ot 1ha ramt ?ﬂn ﬂ%b
yruémrad MOTE avmd%na@ i fakux of ﬁhc Lagchm Lninthh

LhﬁOTYQ JUNI”hR ;; {3@66} rmparg d,th@t ?hoy haﬁ

Lmnn a%iw Lo ?bmﬁva thv ruaa faw ;rem &hn‘@p&x of yymmaryx
GQLa uL Aﬁa ﬁag“ aﬁd hnu ;?ihmuwn ﬂhﬂ.rgﬁﬁ.@éntinu@ﬁ~ﬁﬂ"‘
1upwaL@9 it had jw v a1l dts goo, Qpi¢ sensitivity.

Af?ﬁyfahnuh !0 haara, g@mﬁruylﬁsaenﬁi%iviﬁv r@turﬁ@d 4% a

o~

V@&ulﬁ n{ ihv rwgau@r&immn m? # majoy par“ of th@ oot

G“?& waavmx dvi%li%d mﬁﬁ?mﬁﬁﬂﬂlﬁn} uﬁ“ﬂihq at beth aha;?&

xi?ht aﬂd Lhn @1@&&1@& Lmvmi by BARLOW (Lﬂ?ﬁu,b) have showmn

ihai rmwuﬂ ﬂ& h@ih thumvum vulgﬁr £ and & a m&y 1$r0voz

thwxr ganhwonmw %o&&mt&vm y mauy hﬁnrs bﬁiﬁf@ the Y@g@nﬁrdLLOR

aﬁ th@ rmm? c&p, ‘ ?hﬁrﬁfuv@ Lha Tﬂ&i rggm&n the ¢ b;ii@y T

ffﬁa Lo ﬂ@V@?@p.' Hmwavgr, imm@diznalf a{ber

- av

i, P have had.

Lhm rmmwvai ai ghg TROL capﬁ‘ﬁﬁ&xgh gramnﬂ,bﬂgin to dﬂvclap
krmm pxeylaﬁmwdﬁﬂsn the cells nf The quacseﬁum CONLIE, ‘
nwntu?ﬁ xylﬂm amé uwyiax ai 2hg_raot apex CLARLQU and. }
GhUHﬁWA@”~i$i&amA Wh&rg is 1d pmriﬁd;nx 14’hﬂurq after 5:;
éap ?@mavélg bafore r@@ts wegain.th@ ahility to respond to

qw&v?ays e LQ hha time uc@dad;xar d@vmlﬂpman of Lhe

ﬁmyimgia siaﬂd Lﬁ aliow. o avx&axn numbﬁr ox m&ﬁ to
@cﬁnmuldam befora Lhey £unmaxmu as ‘¢ﬁnuor of gravity. As

thu new wgﬁﬁ-gay regﬁneratesn the s$tarch grains in the cellﬁ

- of the gquiescent centre and ma?& ton &Jninish bun ln ihﬁ

i




regénﬂ aain? raat cap they ﬁﬂ?qlﬁtod and 1ner&a«ud such

that the ult:astructura Qf the. new cap Was comylehe 3 or
"4Jdays gftd% décapping. 'ﬂl@afiffthm root cap has a
repulatéry role 3n~the davp1opﬁént of starch é%hins in

the ront ap@x and when iarmed th@bb starch gralns appear

to functlnn as parL a£ thﬂ aravi perception mechaniqm.
Hh&thar nr not these. uawty furncd anylﬂplasts in the
qula%cant centre sudlment hns yet to be dat&rmlnoﬁ, hut
'prasumahly this must happen‘ if they are te functlnn as
gravity Sensors. ihmsm uxphrimonts ara. crmtical ‘and.- the 'i
prelimznaly prerimentﬂl ovidenae obtained 50 far has
1ndinated that they do nat aﬁdxment (WILhIﬁ 1976 perg.
aamm;),j The requlatarr rale of the reot cap is not ]1mited
oniy to, the bxosynthe%xa of snarch prains. (WILYINQ, 1976)
The vnatropxc curvatura of a root arides as a result nﬁ
yrawth 1nh1hicars from the uap. 1nduc1ng ﬁszerential
wyrowth rath of cellq on tha upper and 1ower sidos of thb
:rqet. Tha mccurrenca of a ﬁaotruyic rasponsa in a dev- :
éaﬁp@& root beioxe the regeneration of . the” new cap, 1néiqﬂtes -
tﬁat“fha bimﬁyntﬁasia, acti&étian,ér release of the growth
inhibitor and ‘its. transport“muqt‘ﬁe initiaﬁe& in the robt
iageﬁQ, This mﬂanﬂ that wh@u the root cay which is the
normal bitg of gravi- parcept;on and of growth 1nhibit0r
produntionﬁis fémequ, the root apex has the npparant
capacity te'fake:ovar both th@sé functions so that fhe rdot
rapidly regains control dﬁ geotropic growth without the

 necessity of waiting 2 to 3 days for the development of a




complete new cap. .. Clearly this is a reversible role
since the starch gruina.in the root épmx diminish as the
new cap is gradually regenerated.

. It seens that there'is'little doubt that the sediment-
Zablé 3tar¢h grains do ylgy.ﬁa imgart&nﬁ role in the gravi-
perception ﬁﬁch&nisﬁ in fonts and shoots. Although there
is at praseuﬁ gn;altarnaiivu;explanaﬁian, it is important to
r@m@mhe#vthat the evidence pertaining to the Starch-Statolith.
thamrylis entirely corielative and thercfore ndt unequivocal.

" Precisely how thm'starchvgrains.initiat@ the trénsport of
gruwth regnlatofﬁ vhich are responsible, at least in part,
for geatraplg curvature is as yet comyletely'unkuown.

The geotropic aurvature of both roots and shoots take”‘
place in the sub~apical regions of these organs whcrs the
cells are actively growing. Growth rate measurements by
sacquC1aaz) established that'the downward curvature of hori-
rzantally orientated roots was due to the lower half growing

%

nores slowly than the upper half, = Similarly in shoots,
WEBHR (1931) uqxnﬁ Hordeum coleoptiles and NAVEZ and ROBINSOM
(1032) using Avena coleoptiles found that the upward curvgturb»
which developed as a result of horizontal prientation, was
due to the growth rate of ﬁh@llnwnr‘half being increasad anﬁi
that of'the upper half being decreased. The gaatrqﬁic
vegsponse of both roots and $h0nt5 could be explained if the
nechanisn rasponﬁiblé for the differential growth rates of
the upper and lower sides of harizbntal organs could be

established.




Pxp»rimﬂnta Dy BOYSHEN~JENSTIN (LﬂlO, 1911 i913)‘éﬁa

PAAL (1914; 1919) lod to the idea of growth regulating
| aub&tnnc@% h@ﬁnb prwﬁua@d in the apices of rontq and shoots
and af theﬁc substances $uhsequent1y mmvin& in a basipetai
éirectxon towards the ﬁrowiﬁy raegion of the organ. ?AALf
(1914; Hlﬁ) made the original suggestion that ‘the curvaturw[
nxyht awis@ as a resuit of an unequal distrzbutxnn of the -
apically pruﬂu&aé gruwth reLuiating substannas batwaen the
upp@r nnd lower halv&s of th@ harizantal argan. | -

1mu1tanauua inV&ﬁﬁlﬁﬁtiﬂnb by GHOLQHNY and WENT
r&sultaﬂ in indﬁp@nﬁwnt pngara in 1926 in wh;ch bath anthors'
attrmbutad Laotra@ia aurvaturu to. an aaymmvtry of growth -
_ragnlating suhﬁtanees as & . rawult of 1atmral transyart of
grmwth regnlatore fram tha ppar tm the lower half of )
,fhmrzanntal Qrgan.{, Faotrapic stimnlatlmn was thauyht to-
;&isturb tba narmal haqxgetal transpnrt of hvrmena from the
apex of thﬁ root ‘or shoet to tho growzng zZone such that
iaterul movement occurrﬁd &nd rasulted iu an accumulation

oI hormgne on. tha 1awur s;da ef the oTHAD. and a depletion

' Qon tha uppnr side, . The Gpposxng geatrwpic ra%ponsbs of

4raﬁt$ and shaats w1$ attributed to thaxr oppos;te resvunses R

“to- tha conc@ntration - gradzent of - grawth repulat;ng
substanca% aﬁtablashed across’ the harmzontal organ. Rﬂutsﬁ?"
an& sh@ﬁts have differiug senqxtxvxtxcﬁ to auxins and. the
vunsﬁumptan wﬁs nada that the aturally occurriuw auxin

| flavelﬁ uera snbaptimal £ar 5haﬁt growth and aupraoptanal

"”ffor Toot frmuthu
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This r&noral 1dea becane known as thﬂ CFDLGDNme 3T3‘

hyaouheﬁi and oatabixﬂhinz 1ts val1dlty hac beon ﬁhe 'ubjéc@:

;‘foffa 1argm numb@r af 1nvest13atiﬁn@. Thu validlty ct ‘the

'Shypctﬂaﬁiu'ig raall; uependent upon ostabllshlng that auxmn

pxists in ho aplca¢ of, TOQia and shoots and that it. undor-f

"wwcaﬁ dQanaxa ldteral ﬁranspart as a remult of Haotroplu'

)
N
PRUA

.?ilmuldtlon. R@cant 1nvoetigaf;ons 4ppear tﬂ hnve

wablmlm “thé mn cl;x,ty of ﬂm crzm.mm-wm 7y hypm,hesis i
f;;&$ an cxplan%tlon foy th& paoirapwc roaﬁondc o¥ shoats but Lha

‘ alnuatian imr-rmoLq xs far fram clear and Lhure is: nﬁw

¥

] "

'5cons1d¢rabta doubt QBouh 114 val:dity in th@gn axpnus.;

‘COhsaquancly the :yﬁrmmuntal evxdeuce pnrtalnlnﬂ to’ tha‘

~x tan»a ai a 1a,

.....

T@ral mavgmcnt of growth ragulatlng horiones

_;n peaurwplgally ¢L1mu1atedﬁruota and shﬁgts w¢31 be‘

W
o
b

épreﬁﬁnted separataly. L _
" 'ihaln3aqs1¢a1 study hy nQLK (?92&) was reaily ﬁh@ flr%t
;(‘awgerimantal athempt io 1ﬂﬁt the validiLy of Lhn CHOIGHNYw;%
‘fUENT hypo?he is? fﬁf shmota. ﬂwtqchci anlces of colnopt&lcs

‘of‘&ea and Avana and ubaplcai golumptlle amgmentb of Avend

'ggwcrs placch'kﬂsmalllblome af agar uﬁlch had been bl ucteﬁ

[

“tby % %11p of mica. Apar blﬁuks Lﬂﬁtalulnﬂ thv naturdl

e  H§r0th r ulatzng dlffu%atP from coleopt11e ayzce WOTE.

;pi&ced Qn Lhu &plcal nut surfacgsat the aalanptllc sawmeuts.

5ubs¢qmeﬁt1y imdsung wcru orlentatad ﬂlhhbx vcrticaily o
“xharlﬁﬂnidlly Ané aft r apprax1naLe1y )O mlnmtub, the amaunt .
‘mf rowth pramntmna &ctzvxty 1n Lhe wgqr recexver blogk

:uaw mcasured by Ehe WFNT ﬁvena gurva&ure e t. It was
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revealed that a pradiont of growth promoting activity

was established “in favour of the lower of the two agar
raa@ivcr blmcks in contact wmth the hasal cut surface

of horizcntally crxantated aytces. More than 60% of the
* total growth p:cmqtinh activity extracted was found in
'thg lower reéeivaf block. Thara was no dvtectable |
diéferanée between the total amount of grnwth»promnting“
actiyity diffusing out ef vertical and harizontal apices.
‘These classical exp@rxnentq mi QOLE with Avana and Zea
have been repeatod on’ other accaslons and 5imilar results -
obtained (NAVEZ an&‘RQBINSON, 1%32; GILLESPIR and BRIGGS,
1961), and DIJKMAN (1934) found more growth promoting
dctivity iﬁ‘thgyidwar rsceiv@rgﬁlack than the:ﬁﬁpar one in
hoxizcntali& ﬂfiénéafed seg&éﬁté‘af LQpinus hypacotyls.f

Ghemical extraction of growth nromot;ug substances

51ny nrranie aolventq ha; alan shown thcra to he nore
growth @romatlng activ@ty-in the ;owar halﬁ_than,in the
Zupper half of a horizoﬁtal grgaﬁ-(ﬁﬂ?&ﬁﬁwJHﬁﬂﬂN, 1936;
VAN OVERBEEK,, ouvo and DE VAZQUEZ, 1945).

The experinontnl evidence ﬁiscusqe& ‘S0 far has shoun
that a lataral gradicnt of net grewth promoting activity is
thﬁbjiahOﬁ batween tho upper and ‘lower halves of horizoatal
shoots and botween agar blocks in eantaﬁt with the basal’
cut surfaces of the upper. 4nd lover halves of horizontal
shoots. However these rusults do not explaxn how such a
-gradient driﬁes. Cleaxly the gradient may have occurred

as a result of dovnward lateral transport of growth
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'pramotinw‘aﬁh;*#nbe;.fﬁom' the - uvpar ta »hg 10wcr hmlf 017”

vbhh txssuu but xL cuula dlaﬁ havo arisen Lrnm 1he upward

_iaﬁ@ral aranapmrt of @ grawah inhlbiLary uhstance. The
%* $qumeLry: mmy Aot b@ a reflactian of 1&Lerl £Tans porL butA

- may: be dug LG dx[C@rvngws in rates of wyutzosiﬁ, brezkdown,'

aetlvanlou:mx rmlna i or long@tudlnwl Lranspart of _growth

v ¥perat1n¥ or 1nhnb11¢ng,sub nancaa-by LhQ uppor and louer:
Chnlve5 Qm he harxznutal orﬁdn. Purtharmarm, 1t is anly,
’nu& qrmw h §r0n0£1nb aetxvauy dilfu xnw from‘ﬁhe tissues
Aﬁhﬂb ia m@aaurad and has may nat aega*s&rily railcct the
'actual amauut Qf au%1n prcsaﬂt in Lhe tissues sinve a

aumber 0f grmwih p?ﬂmﬂiln? and grow th Lﬁhjbltlﬂﬂ Bume&ﬂLQQ‘“

Yo usw Lnoun £0 b@ ar*ablb 3 plant Llssucs.

Addiilﬂﬂﬂl Qvid@ﬂhm &mr iha LRULODNY-WBNT hypothe

“fcmme@ Crom oxpcrimwnts inVQJVln? m&qrosurrary ef caleoptllca.fJf'

.

TWo éuch 1nvvst1yations 5uggost fhau thp Aauerdl trdn p@rt
_H0¢_@ wrnwth regulalmnp sub ianam 1 iuvolved &n ﬁhﬂ goaqupLe
;.rcqnonae @f culeoptile LPAUNER and APPBL (1960) lnsertcd

-Wmdll pamce 'mm m:ca inLo Lua apmaﬂa uf ZGa anlaept:los’

ntqt@a harizantally with reapcct

ﬁ,ilxm ravmty:‘ Xn uama cmlaapta?v@ %hm mica plate vers

horizontal and 13 athor* Lhoy wer& vvrtlca].‘ JCOLGQ?tllGSl

'nu wh;gh thﬁ maua plates were vvrﬁical showed a yra%tar

o upwqrd curvature uhan Lhﬂbe wath harm&mniai mica p]atca.

Tha presence of thw miaa plates whgah seoned to act as a

A‘m@chaﬂiga1<harx;ﬁr'ﬁO'ﬁhe lateral transport of a growth

';.:.1“7
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_reﬁulatar in Lh@ harismntal caleontxle, appcared to reduua
'tha mavultuda oF th@ geotraplc rﬁapwnse. Qimarly this
imgliﬁh that thw lntcral movamwnt of a 9rowth rcﬁulatla
ubstan@a is invalvad An thu auotropiu rnﬁponae of Zea
‘emlaeptilea but there iﬁ nayindicatman from this axparmmanﬁ
thether 1at@ra1 movenent was éownwaru or. unwa:& and whuther
'tha growth rcgulatnr was prmmﬁter or inhibitar'”
aimilar exvariman&n of ‘this. type. by kQCH {1“34) also
‘= 1nﬂicatud thut ﬁha lateral mnvemunu of a gxowth rexulﬂtlng‘
ﬁuhstmnae 1& invalvod 1n the pantropic rgaponag of shoots

und %upgeﬁtﬂd furth@r that a uownwnré Lntera] movemant tnkea

‘plagc tram tha upper ta thu lower half of a hnrxzantal shaot.ﬂ;.

BT Ry AP

“»:.and subseguantly Orlﬁhtﬂtﬂd thw 3a§mﬁnts such thaﬁ SOme were-

ﬁ,vertical and some ware hnrzzental with the. renalnmnp half Lip
. on the nypur 1&&. Vertically orientated tlp dtvelnped
'uurvatuxﬂn iu ey &1ruution away from the remwxn&ng half tip
;whereds in tha harzmontal calcoptxlee, Lurvuturu waq upward,‘~'
KR @ 1u a d1rectinn tcwnrd the ramnlnxny half txp. Since
tﬂtwl denapit txen of‘a cplunptxla rampiutaly inhibatea
fyruwth, th@qe findzngﬁ supya%t@d that a ﬁewnward lateral

'.Jf,' ) muv@mant of a ﬁrewth §ramﬂt1ng substance had oceurred such - 7

ﬁhat-the ruwth rqt& of the lowver half had been enhanced
i-ralative to that of th& upper half. Howav&r, KOCH did ﬂOt
make cledr the pﬁS&iblﬁ @ffvmt that tka davelonment of a
'phy 1n19g1an1 tlp (WﬂmT and TMXMANN, 1837) might have on

the 1nt&rpr¢tation of his reSults.
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‘ ‘dnd in. reraivgr block Jdn Lontact wlth tha ba,al cut and%.;g

asymmetrlaally ﬁo Eh@ apxcal aurfaca of hort?antal scgmantd

'. mf Avana QQTQthtlms and twc rQCﬂmver biaa?s vere . plared in

o af radzoautxviLy lﬁ thu nppar anﬁ 10wcr halve% o£ the tiqauc.

The crlﬁlaal awﬁarlmupts 1n avour of. tho LHOLOQNY~WENT

ﬁypathasia had ,§ awdit the advmnt nnd roﬂdy dV&Llabxlity of

raaxoagulvaly laballaé 1uﬁalu~3«acutic acid (IAA) 1he

i T

flrst attenpt¢ to esti bizwh tha;exj tonce nf {1ater11 fm” 3fwa

asymmetry of 1AA in herxaontat'-haoL ap1u q wore unquccevﬁfuih”
(Rﬁl SENER, 19&?" RLI FN%R and SIFON, 19&0* i HING anﬁ FANG |
19¢&) hut *ub equanuly ﬁhcr@ have becn a number ef euccessfulf
aL emptq whlch havo howed that an as ymmetry 0 aélodctivxtyﬁ3

devvlapcd both 1n gcotrupmadlly &iimulated ahoot seymemtg.

GIILESPEL and thMANH (1063) apnlled 1abcllad IAA

aantﬂct mjth Lhc uppar nnd 1ower halves ai tn@ basal uut onds

o

oi fha‘weﬂmunte. ﬂ %ubsequeutiy nore radxmactivxty was faund

ln the racwlver bloﬁk thar h¢at‘ewn xn contact with tha lnwer,«{f

haé hean 1n cﬁntact wlth the upmcr

half thun 1& ﬁl t which

half aut no 1gn3f¢uan i.c.“zL&‘u:wroru:re waa found 3n the amounub

Im slmllqr @xﬁerimﬁnt Wi&h Zea’ ao!onptiles, GELLESFIQ o

an& fﬁlwﬁﬁn Clﬂé%) found dn abymmetry 1n the nmounu of

radloactlvlty 1& ﬁhp lovef an&’uppcr halvos of Lhe horxaantalff

ceiaoyt;le tiﬁﬁuc aq w&]l as tha-lower and upp@rfgﬂupiver‘

vy

blochq. : Moru radloactxvxty was rocavorcd fram rh& 1owvr“

hali nf tho LLS%HO and lﬁwer recalvcr Llock as. gomp%rvd wzth

th@ uwpor. Cﬂaarly thesu ra ultsiara 1n Ll@%e dgreenent

M
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Vs

- with tha sarlier ﬂxﬁgriments (DQL N 1§ 6 in whxch an
k‘aaymm@rrical dlﬁtf&buiiwﬁ uf ﬁatu 4T prowth promoting
subs Eanaeﬁ dlffuaxmﬁ From cmla@ptzlw tmps*wag tstablished
in cai&nptmle 5agm@ntﬁ¢ In 4ddltmwn, 1ha o results do »
>iwusk¢ & the yodavblimiy that ~TAA may bo ! thv oD regulaﬁigg”
harmmn@ which is asymmetrically &;atribu&ed. o |
Anﬂtuar technlgue used by both %LR%EL and ., LEOPOLD
Clﬂéua} an& CILLMSPIE and THIMANN (106%\ wan La plave agar
voceiver hleah. in contact with the Iqtmral cut surfaces axf
Zea aoleb@tila segments which had been divided along thelr
1mn@itndiﬁml axis,  The amount of radio&ﬁtivity which'mmVed
, §rom the apirai don@r blaocks imte 1aﬁarnl rmaaiver Llocks

waz ﬁatorz&ned RLCﬁfdlngLQ the geotropic nrieﬁtation of the

SREMENLS and receiver blecks. Bath invaatig&tianw establis hsd
th%t mor radxmactxvity was found in tha Iaterdi recnxvxnp
hlmche whcn théﬁﬂ ware beuea1h the a@gmont tbﬂn in any other
ﬂrxeutahinn»
None of tﬁm empmrxment& hav@ proved anualuexva]y that

ﬁhm asymmoetry af radmcactlvity 3r1ﬂas as a result af Iateral
transport of IAA within the tissues. Hﬂ&quivocal avxdenee*"

- for the existencse of a lateral Lrau,pwrt of aunin vas provided

by GQIB MITH and WILRINS (1962 1964) who aypixed radionctive

IAN ﬁSymmetrical;y to one half off the apicgal @nas Gx'bﬁﬁh

ierti&nl.@ﬁd harizbﬁﬁui gggicmlaéptile sogmants., ﬁptakﬂ of

IAA could therefore éﬂiy occur on the. one side of the.
'h?rﬁlmﬁptila and any radioactive IAA found in the opposi ite non-

dauat@d hplf of tha segment Bus t have mmve& 1aterally wmthla
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‘the tissuc from thaAhélf.in contact with the dénnr block.
"Peetrmpic stlmuldflcn was found not to affect the uptake
“of TAA from . the asymmetric gqnmr, Thue rher@ Wag: 0o
difﬁe:ﬁnaﬂ in uptake béyﬁaeh“ﬁertiéal andlhnxl ontal
‘cola&ﬁfil& vegﬁants. ; Howaver ﬁhe prmpartian.mf radio-
'aatzvmty found in the ﬁan»ﬂﬁnnteﬁ half of the qgvmant wds‘:
founﬁ to dlﬁfer whmn the segmente ara plmcod 1u difiﬂrent
"mrienfmtimnﬁ Llﬁb raapect 2o grQV1ty.‘ Vﬁrtua13y szae ¢;
much TAA mnved tm Lh# Hﬁwu? half 0{ a hﬂriznnral qevwonr

,%uppllbd w:th nn uypar aﬂnor da noved atr0¢a in a vartical

3ﬁgmont or. to the npper hali wi a hmr1gouta1 sngmeut supplied

I mth _lower ﬁaﬁer. ) '}”hw; “c}mrf., m ain e*nhmmml &ownwm'd

1ateral trauapart af TAA in hvriznntal val mwtlla 5egmenta.,
;fhromaaquaphﬁ ana!ynxs aﬂnfirmad that tha Tadzoactiv*tf
emfrncted frem hoth tha plnut t:qquc “and thp recozvvr h1mcks
Cis s*ztl agnfineﬂ to tbe I%A malemule CHP%TFL nad LEOPOLD, |
" 1963b).  GOLDSMITH and WILKTHS (1964) helve clmﬂy |
Iestablxehod tha mx&stuuca of 1 Iatwrn] tran pOTL of radio«-
;aatiVa XAA in ﬁaa réjanptila b@gmcntﬁ ¢hiah Qﬁﬂurm to o
gre 1ter extent 1& h@rmzmntal ca]cnptx!e sagm@nts than in
vertxual unaQ. " Qinilar xparimﬁnts hy DB LA EHXNTE an&
LﬁnPﬁLn (lﬁﬂ?) have canfirmaﬁ t Lese flhdiﬁﬁnu -
o This wrﬂvxty induced dnwuward latmral transport of- IAA
"i* dcpﬁndunt upan a&rabic metabalxsma WL IN% and WHYTE
:(1ﬂ@83 inveatiﬁatad the affvcta of au%armbic cand1tlonb on’
the 1ntcr11 movenent of TAA in xoaucc1@mpt11a begmunta u51ngi:ry
the asymmetrlc donor tgchniquw of &GLﬁ HMITH and WIL&IN%
‘“(1964) "They found that. althvuph a }ack'of oxyg@n leads to

Amrlarg@ decransa in the nmnunt of 1qLLrul tran sport of TAA ,
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in geatrhﬁicallyvstimulateﬁ coleoptiles, it was not completely
elmminahod an& vas 3t111 wraitar than‘thai in vertical
segmants. When segnents - were treated with sodivm’ fluorxde

as well B8 bbin? ﬁeﬂrlvad of Qxyg@n, “the 1ater¢1 mnvement of }f
IAA was jd@ntlcﬂl in verr;cal and hcrizontal segmenrs.( |
Txenxmant w;th the m@tabo?i& inhibxtor “had no effcct on -
1atural movenent i vert;aal sagments. lhorefara thn.
enhanced lateral movement nf TAA ﬂh$ervcé 1n horizontal
nalamptllas was iny raduuvd tg tha 1@?31 ohsarVwa in vertmcal
:cel@nptlluq uhan "both aerobic and anaarnbmg metabalaan were
llﬁhihltﬁﬂ. This suggests that the 1 atﬂrnl palar movenent
}‘fof IAA induued in coBmeptlle sepneuts as @ rvqult of geatrnplc R

tlmulatimn is largaly d&pun&cnt upon ﬂerﬁbiP mataholiam.L ﬁ

A It seer s well w&t&bllhhﬁd Lher fore ‘that the upuard-.
aquature Q£ yeotropically ﬂtlmRIQtﬁd Zua calaoptilm se nments
is branyht~abouu by the«bstahlimhmmmﬁ mﬂ an asymmwﬁricuIAA.
iconcmntratian ﬂradlent bofween tha upper and lnuer halves of
the horlzanﬁal organ. Thl gra&mynt arises as the res ult o£
a m@éébalic3ﬁépandént-@ownward'laﬁeralvmqvamant of TAA from |
the upper tbtthéuibwa; half of a horizontal roleoﬁtile sggmént."
- This downward latﬁr¢1 movenent of IAA may not be the unly
process which $1Vﬂ* ri 30 Le~tha astablishnent of dxfferant
amonnt- of Iﬁﬁ, and Th&ra?or& diffaruﬂt growth rates in thp
cwn halveﬁ of the harﬂzanﬁal colooptile thmant. There 15;\
now & cnnqide nbla anount nf evxﬁenco supgasriu that«yravity
fnf 1nmncu& the. 1nngitud3na] basiw&tal polar traneporL ‘of 1AM
in Zea coleopta&c uk?ﬁﬁﬂtﬁ.‘

NAGVI and hORﬂGN (19663 ohservaﬁ a phonnmonon which

mxght parbiaaly contrlbuto<ta the eﬁtah}ishmunt of an

ymmetrxc IAA prﬂdzent. ﬁ They reported that whilst plquinf




18

a. &oléopfil@ .mwment in a horizoental pm%itioﬂffﬁw 2 hours
. had no cffﬁct on thu nvwrﬂil baaunete1 tran spoTt of XAA,
mcﬁﬁur@d by the amount of IAA in rﬁcviV@r hleckq, the apper
%“ﬂﬂﬂ lawwr }alves.nf the hariznﬁtai -@ym&nﬁ% were found to - -

have transpartod dxffernn? amounts of TAA.  The lower half

had an anhanaud GHQQLlfy for thm hn»xvetai movement of IAA_i

"gfanﬁ th unpmr h*lf le & ef«a eapmﬂity:thwn a‘Vértical.halﬁ—

%epment. NAﬂVI Jand, Cﬂkﬂﬁﬁ (1066) went so far s to Jugwa ttﬁat

'thls dlfferentlal Lhnn in tha longitudinal baalye tal

m@v»meut a( IAA hy rhm uupwr aﬂd lower hq]veg of the horiz ontal»

eynmnt comld bezhhm eﬂu*@ nf tha 1&tﬂra1 n%ymmutry of IAA

‘diatrlbutlon.f,,fs;f

Those re.’"-.f!m of N«mrr and GORDON (19&4&) promptad CANE.

%nd WILhIN (19633 f& rn 1nve$tiﬂafc the baaipa tal tranapmrf

 ai IA% in thc upgﬂr uud IQWﬂr h31Vﬁs.of ? ¢a Lolaont11es.

CA?» &nd 4ILYtﬁq EIQ&Q)‘railzwed that ojnuo the coluaﬂtile 15‘
 4 hiollow cy!inﬁ@r, it 00u1ﬂ bﬁ ﬂﬂllﬁ lmn itndlnally and opﬂnad*
muf snte a re!atlvely flat pxﬂue of tissue. Th1¢ ensured
‘ ;r%at av@ry rmil in the v@]cnptile‘haﬁ an 1dmntiual or1entﬂtlen 
wmgh reﬁpmgt.tﬂ gxaviﬁy. Thus thé pzecer of. tig @ua counld h@ ;c
1_0fﬁantgt@& suﬁhlthap;ail the cells corrgsganéed to plther uhe
-ﬁppér,or lower sides of a normal herizontal cﬁ}aaﬁtiia. When

tha ‘apanﬂ@»dﬁt‘fﬁégmantv”wwra'ariantafed-sa that all cells

‘.¢eraqpondad with thn%o at tha 'bottom' of a unrmal horizontal

I
RO

celaopiila, mera TAA was. Lranaport@d ba@ip@tdlly than in
ﬁepmentq wh@rﬂ a1l fhm Gﬁllﬁ wer@ nqulvalenﬁ LQ thnsa at Lhe ,
‘tnp'nf tha harizuntal vsleuvtzlun By crxcntatxnp the
'Qpeneﬂfmutf;colegptmle.tigsgm 50 tﬁat 311 the celle.wernv
@quivalenﬁ'tottﬁesa at'fh@.‘side’ of n hQTiZOthl vaieoptllc,

it was estqbii»hed fhot atthou&h Lharﬁ was no difference in
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the basipetal transport capacity of the upper and lower
halves, a pronounced downward lateral transport of IAA
pecurred from the upper to the lower half of the tissue.
',The polar lateral movement of IAA can therefore occut
independently of the diffarantial basipetal transport of
TAA in the upper and lower halves of horizontal Zea
coleoptile sogments.

The existence of o downward lateral movement of IAA
in geotropically stimulated Zea coleoptile segments can
therefore be accepted with a reasonable amount of certainty.
However this raises fwo furthey impgrtaﬂt noints. Pirstiy,
whether or net lateral novement of IAA actually occcurs in
intact coleoptiles of Zoa nays seedlings following geotropic
stinumlation. In other words, is it possible to extend to
intact plants what has beon gstablished for segments and
secondly, whether the results obtained from Zea nays
coleoptiles raflmﬂt the nechanisms in shoots of other spocies.
Goleoptiles of other species and other shoots may involve
completely dififerent mechanisms and therefore it is important
not to overgeneralise.

The recent development of a micro-application technique
ﬁﬂﬁ enabled very highvspﬂcifim activity tritiated IAA
(5 =~ 3H - IAA) to be supplied to intact organs pt a pre-
determined point by means of fine pipottes. The pipettes
are very similar to those used in neuro-physiclogical studies
and they enable a pulse of IAA to be applied to a precise

predeternined point in a tissue by acting as a peint source
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for diffusion into aihighiy localised area of plant tissue.
- The tipvm£f§h@ pipetie penetrates the plant tissue and remains
in po%ifion fﬁr a few geconds before being withdrawn. This
advanced t@chnlvua &1]0wad the transport of IAA to he
;nvestigatad in r@latively undmmage& calgwp;iiaﬁ Whiﬁh had
an oﬁéﬁé&haws 5uyﬁiyw@f -rowth #e§n1ﬂtmr% éné ﬂh@rafcre had
the cagdrmty to uudarga narmal pe@tropic curvaLure. Hving;
thi. migr ﬂﬂpplzcabxon tnahniqu@, SHAY, GARDNER - nnd WILRI’“
lclﬂfﬁ} domcnstrated a marked dowoward lateral tran nnrn of
TAA- in. cmlenptiIOJ 9£ intﬁrt éﬁa nays seedlings and g ;aaér
marked but %1fﬂﬁf;¢ﬂn1 ﬁownward 1&?0? 1] movenent of IAA in

V@lﬂgpii?@&»ﬂf intact Aveno sa?1v1fsmadlinﬁs." Chromato-

' vyraphxa analyams r@vaalad thah thn ﬁmqtrxbuﬁioa of radio- ;f”
ac&xv;ty wzth1n the plant r;s u@ reflected the éxstrzbufznn
>-Qf IAA: “Use of tho plpﬂtt?% had no effect on thv normal
'négéﬁivgzgaotrapam rﬁsponsﬁ‘of the coleoptiles and the t;quﬁ”
damage Qa*~minimal. | | ) | .
The-valiuzty of the FHOLG&Y«W INT hypnthasms fﬁr cnleﬂpm

 :ftiJas is not. ﬁnly dopendent upon &ntﬂhll hing that A dnwnuar&

.latwrml tranqpart nf . yrnwrh‘prmmatxng~harmona occurs in
fcabrapﬁaally 5timulatod Jntavt unﬁamaged anvup?:tos but
ﬂluﬂ tha? thﬁ prnwth pr0ﬂﬁf1n? hormone exists in the apex and‘
prawang ragions ‘B aﬂleaptilaﬁ., Uncqumvnca? evidence tha?
TAA is present in and d:ﬁrusaﬁ frum cotaoptil tips of Ze'

Bays Was obtained. rancﬂtly usjnp highwresohﬂnon RASS qu€tr0

1-«-’- uuuuu
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T On the basis of present ﬁ?l&ﬁﬁﬁc‘?ha validity of “the

4ﬁﬁOLmﬂN”wHEST'h pa&h@~13 iUT‘athi” seemns well @s ahzished

-

ﬁawm&w“ it ﬁay well be ﬁh@i the hyym hﬁ‘ is is an over

simglificati@n an&,mth@r processes may well be involved in

“the ﬁStﬁbiiShM@ﬂiiﬁf the dif F@runﬁad? growith vates of ”hc

upper "n& lay*r J}dg of a haraznniu} 5&0&%.

ﬁnp wrouin rgnujmimn@ m@nhangwm_ nvalﬁm&“in tho

positive geot rapxa rpﬁymnﬁﬁ wxvrmﬁﬁ was muan ivq wgll

aﬁﬁﬁrsto@d'ﬁhaa,thai in Lﬁlﬁﬁﬁtiltﬁ vﬁtﬁj rmtmaily 1me1

luwnwnrd gexran;e curva urc 0# a hgrazum “1 raoL is duo

b i,

1 uhm yr@wih ‘ata nf guv 1mwar haif hgcu decv wsen tm P

wymaknr w@awnu than iﬁdﬁ mi.th& u% e hdif ( ACia, 182, o

AGDUE anil BROVNBREDGE , 1957; xﬁ?ﬁLT,gl%Q%}ﬁ “The CHOLODNY -

&%mr uy)ﬁbh,mlﬁ ai*ztbuinq Lﬁj é‘*far@ntial grﬁwﬁh of the

,ma hulvn Gl Lﬁﬁ hﬁ”iﬁﬂnLﬂJ TOOL tn Lso eﬁt!hlL um@ni of

Coenc auyxm cnnauntr&a?ﬂa 3ra&¢eu :&Erﬁﬂﬁ thé root by MOUns

fmx a dm1mua a t eral ixanﬁpart ﬂi wux&n ﬁrum “the upnaf,ifQ“

prmﬁuﬁed ag taz apaa of th@;wdn& and ¢~ pras ent at elther

Tt

fmi::rma‘i f:}!‘ *w"ma?* ).ml c'mu:*em mi;:u:am HBO i:hau any
inera asg ?n the 7uxin vﬁncmnar 1ian on the lower side of

ahw rnmt wwuld iLd@ ta a ruduaLian i% the - nruwth vate on

that 3 Aﬂ@“ﬁﬁd @hmrmi@r@ &uwnw&rd curvature, The V&iidity -

ﬁh&“hyymﬁh@mxﬂ mﬂ.ﬂns@xp3 ﬁﬂbi@d Ux roQgWgemtrepﬁmm

'cimurgm “QPQﬁdﬁ upolt esta bll hzup Lkmg auxin s produced
by the root 1 “y prmﬁﬁna at- %upraupan 11 concentrations,

<and Lfﬂnaﬁﬂ?LQd 1waora1ly o1, pranrapim timulatiox‘

s
L -
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Early.ihﬁegﬁ;ggiimﬁﬁ copcerning . thess points iﬂvblvaﬂ_:
axp&fﬁm@gtg‘whiéﬁ w@?éfprxnrjpaily ﬁ&ﬂlﬁﬁﬁé:ﬁﬂ &chievw' .
indépendenﬁ ?GuaTQUi@ cmmuidalon of Lhw“«x?r mh_ayex &nv'
4'ﬁfowiﬂp Aﬂﬁﬁ af the rumc, l& was {aunﬂ Lhai the rﬁanun LKCT
“of h%?hu t %on itavi&y was maut*no& ﬁm Ghe mﬁilxucbr& Qf nﬁ

the apev (F“APER, 18955 RAQWEN, IBQQ; ﬁ&ﬁsﬂLANﬁi, 390%)

~am} ?bib ’u}gés, d Lh&t tha Tuﬁi dp@k qut.hu ;LLP of

%xah&r thﬂ grav;«pmrﬁwgtman mﬁchauﬁﬂﬂ ox rh@ yrmduaﬁlan 01
:JKrth% ragu?atur u&tvh montrcl LHL w@@;rap:c TEEPONGH o
: | ?habe a&ﬁ??htiﬂﬂh fguﬁa yu@port ¢rﬁx uxfextmoan  ﬁ“h

uvalv&mp the r@mmval Qﬁiﬁh@ rﬂat ﬁpwx, f Hbﬁe?varlﬂnv b; |
4ﬂ£RWIN (L88o) ﬁyﬁ P”B?iﬁ&ﬁ?f (lﬁ?&} 5%&?;& 1h1; dGC1p1taﬁeﬁq£ﬁ;
ru@t ekl nwt p%ct tﬂ a g@ﬂf?ﬁpja aiiﬁﬁ]ﬂﬁ. (oatrary iﬁ w
_thiﬁ-hmwﬁ§§r Bove bﬁﬁﬂ ¢vcya1 10p@riq 3ndn@a&1nb ihaa
ﬁﬂ%apiﬁa Q& Yﬂﬂta aan rﬂspand ?0 pravity (&QRTQR, 3)J2

Vo m‘rmmma, 19335 SPURNY, 1068).  Since it is not
m.viwar pracaﬁe!? hﬁH ﬂmuh 11¢nuw was rmmwva& dar;nq th&‘

ayitatimﬂ prnavdnre and ;,Q&a 1o ﬂcrumnf was. ma@e af

the possible r@gﬁnuratjmn of the root dek, @@sm psnm.
‘fflicting d&uﬁ'axa of 1i@t1ﬁ‘va1m@n , l' i ?,

| sﬁxperiﬁéﬁég hy JG T (Tﬁl ] ppel ﬂYﬁﬁfflﬂﬁﬁ}réhawad74
that KQQLQ wer i%b?m T e ﬁain ihuﬁr ﬁ&aﬁroﬁ’b veuﬁiﬁiviﬁyf"”
fjmllgV£uw d@mﬂsvtdtﬁmn el JO PO(19La) fnund Lhai remcvai

[

of 0.3 - 0.7 mw from thu mygx of 2 Lupxaufralbu rant wgw.;Fﬁf

 7$u£iL&i0nﬁ ﬁ& abﬂlihh yamhiu)ic wuw Lurw Fur§5 hﬁuxs'&nlyaﬁfr

”s&ftvr Whl@h len 1hﬂ ?ﬂﬂi% :hcwud a rezurﬂ oi,geoﬁropiﬁ




Tesponsiveness. Cutting 0.7 =~ 0.9 am of the apex pro-

vonted curvature for at least 24 hours.  SYRE (1938)

showed that Temoval of 0.5 ma from the apex of Zea roots

was reqmirﬁﬂ %0~prﬁvbut”¢urvaeuwe uamal@cﬁiy huf after

rnmﬁval of 0. 7 T Ezom the root ap@m of Lupmnus albus,

‘ hypecnmy&@ af*gxptnuw and %o indutée curvatur ras in

658 of Lhe rmat“ h 2.0 curvud aftar 12 houws.

Varal indeyendcue atndic have howu ihaf Lha

4

-

xgrowth rate of g root 1s increased whenvthe apex is cut off

{WIRBNER, 1884;'_CHOLODN¥; 10263 BUMNan,‘lﬁzﬁ).' CHOLODNY
(19263 1@3})namd,KEEE£E¢"NHLSGN’and SN CKQ51) have shown
that the lowe? growthvrat& ggﬁlé-ba restoved by replacing
the apex.of the root or ﬁy a?ﬁlying the apmx”of a celéop« ,-
tilo. ,~Iﬁ;m&&iﬁioﬁ#,séverai iﬁv&&ﬁigaﬁions shéﬁed that |
hath the normn1 growth rate &nd g@otvcpfc wogpanaxveneas
could be rasLoxcd to ducapi?diﬁd roots by y]ac1ng the

excised tip mf either a To0% oF LQlQOpiJi@ ointo the cuL

100t :zgm (mzm,m}ms, 1924 wza; SNOW, 1923: zao#g:s::sxwzsz\ssﬁm
19333 KEERLE, zmmmm and fs*mw 1051).  CHOLCDNY (19263

19284 10?9) «hawaﬁ~tuaa raog tips were able to regt&%c
ﬂwotvopac r@&p@nﬁzVﬂne 5 to calaoptilasmf,ﬁvena and
vartscqtty orientated. dQG&UleL@d cole up(alo“ when placed
ymmotxacajjy on th@jr ﬂﬁ!h?ﬁ (bHuLdﬂNY 1934},
| ﬁafLy work 0,-RQGL, PAAbleunﬁT and BRXLEBEN (1934)

- mhnw d Lhai 3QW‘¢0n¢anﬁraﬁLana of TAA wh Lch promot@ the

growth. of %houts, 1nhzb¢u root extension and THIMANN (195?}

showed that theve was an aptlmum type of wvelationship

between auxin runrﬁnt ration and growth rate for both




;and i@ gﬁm in hﬁﬁﬁa . Ag ?

- s N P
.wav iucrﬂasma above thhsm valu

Cand roo

; .;«'-m), Lh }Wiﬂ‘?pﬁi““f
wufihht&?&nbg
»;iaﬁ and
“‘:i}'rw‘ <~:m:1a,'{be.z shéw to Lh mmhw&mﬂ 5"".‘ MR
i{{wuifaro mf Lh@ ﬂ?&h at ammnonﬁraLiun% lﬁhlbiwﬂ%

'\ngnLh@ Fh& FhuhﬁﬁwY VLhT zyyuhhesi% for rgﬁﬁs_A
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x"TGﬂﬁ“'ﬂnﬂ”EhﬁOﬁéu‘ Thv ﬁaﬂamntra fmu @} au ln whhch

\“\

4?@ “the mumlmum arnwam rafm Hﬂa ﬁbﬂui }G 4 ppm iﬁ-rmmts "

he IAA CQH?QRLi&L?Oﬂ

{;; th grnwt? 1&e ﬂ#

”gbnzh rumtv um@ %hmaxs prayr,saivaly uggr@aaad : ?hwr&»"

fore: ot dpma caﬂc uﬁrLannu, aﬁaau grawtn s gfampﬁe& s

 §¥0% h lb 1nhibit&d

FI%OZGDA {1‘7?,43} ‘:xm}_m:;ea:} {:}ma ?ne m;um;es: 0f ;mui:

;‘&uce an xmmntzaal uhstinuv w@iah jﬂhihliﬁi

wr'th upwqr& curvaur mf hwa1 aﬂd'th@ .

vﬂ%mrc Gi ruat«n; ?herw 4%@ gevvra} wave 1&'

RIS

;»bemt nrﬂﬂth.» ﬁjrshly it miwhb d&j

g Fic z13y in 1nh¢ba Lhﬁ pruWi& ai rwwtw &ﬂﬂ

‘f
g%ﬁmdtihg the" ﬂrmwﬁh af.dhuouﬁu rAlfﬁrndtxv 1y, wnemhef'

‘ i%?ﬁ@ﬁg ag @ grwwrh muhzblfor and prnuﬁLwr of wfih@r root

or baﬂ -5 may ﬁopan& antz%a?y a}en itg aoucmntrﬂzion

¥ ﬁﬁ dmcapaga?&an ‘ox wagvaJSwluﬁ romts cnuld bm wxwlaingd

o

;Oi Y ﬁﬁlﬁmp?xlﬁi n i dmuinw Lhe grﬁwth rate |

“ﬁdrlnp ﬁ@ﬁt?@p;? rnﬁp@mmeQuess ?u dvcnp;ta&wd

’f-qr Lhe'amt",

Lha&*fnrm Hﬁk Lhut the anrmu? vnuamnﬁrafwmn ai auxin ig'

raat~.1s ayraamu&ﬂ§3 and gmﬂ?rug st ?nulatlon leads to -

f ﬁownuara lapﬁraj Lr;n*@ﬂr nf dmkxn snch ihai L%@,Igfjg

mighm muL s jnﬁimitwr of rnaﬁ yrﬁw@hv‘;
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aeaﬁwntyam30a mf awxiu ia the. 36wmw h&?x Aucrma@m& fmxﬁh@fw
K ’i\'-? tuﬂrahy “&dﬂolﬂg ahn gruwph rqt mhawh rudulﬂod in
 &&%& ard curvai mr@u§"v | ) |
Aiiemwu o aéﬁﬁwtaiﬂfwhethar an &mymm@tria
&ﬁ%&rahmﬁzmn off ST h raguiahlﬁg %Hh@t&ﬁtﬂs ﬂvgurreé in
 the émiwa of h&rinﬂnﬁa} FOOES  was vstn%i:%hmd by
Inxparmqmuau lm itar %o thoge aﬁr“'Q& out ﬁmw,shaatm by
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growth rate of the two sides of the voot and thus curvature.
However, although the occurrence of a lateral moveoment of
a growth inhibitor has been established es being in parve

responsible for the geotropic response of voots, other

procssses nay well be invelved.

Thewe have been several vecent &éﬁémpﬁs to identify
the chomical netuve of the inhibitory substances in the root
QA . Aceprding o the CHOLODNY -WENT hypothesis, ﬁﬁe
iahiéiﬁur involved in thﬁ gﬁﬁ&rﬁpiﬁ~f@3pﬁﬂﬁe of roois was
TAR but ovidence aégmﬁ to be growing oppesing this view.
Uneguivocal ovidence for the presence of IAA in voots has
mnly'jmsﬁ rﬂg@ntly been established by means of conbined gas
chxmmaﬁqgrahy:nn& nass spectowetry (BRINGLS, HILLﬁﬁﬁ and

—otttrze

@é? (1%?5}'f@unﬁ that IAA ccenyred predominantly in the
Stﬂgﬁ.wiﬁh vgryfiiﬁﬁla in th&,ma?ﬁ@x mid root apex.
ﬁﬁﬁ@ﬂtly Eivﬁﬁi and PILET (1974) successiully demoustrated
the @#eﬁ@ﬁu@ of TAA in root caps of Zea mays hqunanﬁim
tative mass Froagmentography. Several other studies of
growith hovmones preszent in root caps have besit unable to

TS

ﬁ&t&ﬂ%‘fﬂﬁ in the cap af:apax of a ﬁgg mays  root using
biamssay ﬁéﬂhﬂiﬁﬁ&E.Cﬁﬁﬂﬂﬁ and AUDUS, 1974; WILKING and HAIN,
1974y .

~The transpovt of IAA in Zea mays veots has been shown

weaquivoecally to be highly polarised in the acrvopetal

TRE

direction (SCOTT and WILKINS, 1968) and Is confined to the

stele (BOWEN o al. 1972; SHAW and WILKING, 1974) and

doependent wpon gevobic aetabolism (WILEINS and SCOTET, 1908).
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How this &ﬁﬁmpeﬂml‘golmrity ﬁf;EAﬁ f@gulatm5 b&ll nsion
mnd;tﬁ@f@f@té‘tha groweh rzﬁQ @ﬁ 4 Toot Ln as y&t unkmﬁwﬁ.
‘Et,wauiﬁfapﬁesx gh% 1A %,iﬁfﬁramsémrtw& in the WIOLE
dirﬁétiﬁﬁ fny mt-?a bo the hovmone xaﬁpmnﬁihlm for the
.ﬁﬂa&*upjc ?QS?GM@& i roats ﬁnd S@AV “ﬁﬂ HELﬁib& {1973) vere
nnabia to detect aﬂy'&ﬁwnwarz latnrai Erans sport of TAA in
geotropically G?lmulz&ﬁu {Qg BEYS ?Gﬁﬁﬁu :

Recont iﬂvw&ﬁig&ﬁimﬁﬁ hav@'shQWn that ﬁha%mzafa,iﬁ fact
ﬁfﬁ:&nd-?ﬁsﬁihly thren grawth,inhibiﬁﬁry‘subst&maéscﬁrﬁgent
in th@-rﬁat ﬁa?n, KUuRDy awﬁ AHQUE {1874) enLEs etad ia%gﬂ' |
: &umﬁwfv of Zes Tpoy caua 1ﬁﬁ Eoubd & ramc growth anhxbit;nw‘”‘

svhgtgné& {10asusﬁd,by a  o yuat bﬁﬁd%ﬂt %19&&3&?}‘Whiﬁh:

‘&&& Qh?ﬂmahugr&yhﬁv pro ;rtiﬂp’*iaﬁmaw to t&n eibf'ﬁﬁﬁé'
| This: iﬂh hi&axy ﬁmﬁatan@@ Was ﬁﬂ?ﬁ@iu&? nok 1&A:éﬁéyih
aﬂa3ﬁlmﬂ’ﬁﬂﬁ=thw ﬁ&paeity'ﬁm miﬂ%@ stonata of ﬁmmma?ima
lﬁavas,gggainlxugg@vﬁi Dy an ﬁﬁﬁwlxhu ﬁétﬁmﬁu.\ .1TﬂQw$ of
thiﬁ u&ﬁ iuﬁibit@?,v 2re taund ¢n th rOOt apex wﬁicﬁ is in
ACCOTIANCS wath the view that the caﬁ.ls the site mi SRV
thesis, aliowaﬁ by basipetal sznﬁp@* into the woot &pn.,'
A second aunlhxtmr Wi g p?mﬁunt AH the fﬂﬂt apex whiah way not
found in thé"uay} T has nmt et hmmn idant 5@&&& an& its
;hrmmﬂmn*rawnxvlpﬁup@mti@@ do not uarréﬁﬁﬂnd T ﬁhﬁﬁﬁ:ﬁf anyl'
Enown growth vegulator. a | |
Wﬁ&ﬁfﬁﬁ and WAIN (1874) ziﬁﬁ Found ABA nnd Lwn utnar
Mu¢§dwni1fi*a growth ig@iﬁiﬁlﬁg sub s %nggﬁ,no be yza ﬁnt’;n

et

the root caps of Light grown but not dark grown Zea
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;mnewmumhla barrx-mg xev*‘iﬁserﬁﬁd in varlous waySinim‘the
“ama&ai wﬂﬁ& or sides’of whu rﬁﬁﬁ*ﬁﬁg anks. ABA nust 3&#@
Acvvd éqiwral&v ﬂmwnvav& 5incU ﬁﬁ@ roots developed dnqunrd
;ﬁgﬁvatu To, WOSE ﬂr@hasly causod By.am increase in the ARA
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The o vritic Ll prﬁTAMQﬁL necesgary Lo provide unegquivocal
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aaﬁlvzty 1abazzad Aﬁﬁ, Bﬁn&ﬁ:@ {39?6} gwun& that |
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radioactiviiy. However a significant upward lateval
novement of radicactivity was ﬁﬁun@ to ooour as a resnli
of application to the lower side of the root tip.
Infortunately HARTUNG (1976) neglacted to astablish that
the radioectiviey was still confined o the ABA molecule.
It is alse possible te criticise that the ABA was applioed
o the plant at toxic concentrations (1 ng mi”f} aﬁ 8 roint
i~ 1.5 nm bohind the xﬁm@ apon, ﬁﬁaﬁ isy behind ﬁh@ root
Caps HARTUNG was theveforo investigating ﬁﬁé aovenent
of ABA in that rﬁgi@nléf oot immeﬁi&@@ly bebind the root
 ¢@@ and not within the reot cap itself.

Adddtional ovidence fov the involvement of ABA in the
geotyropic POSHONSE mechanimg arises from the finding that
fen rovts roquire sxposure to light before they will oxhibit
a positive geotropic response (BC0TT and WILKEE&, 1968).
ﬁﬁﬁm (1972) repovted thuﬁ(&ég wwwﬁﬁvgwéwn &ﬁ& placed hori-
gontally in éaxﬁn&xé developed preater eurvature after heing
axposed to light than those reonts wﬁi@h had been continuously
naintained in davkaoss.  In contrast voots of Pisum appeared
n@%-ﬂa possess this light r@quﬁwﬁm@nﬁ since thae curvature
developed was equal in thoe 1ight and in the dark,

A sevies of experiments by WILKING apd WAIN (1974)
have shown that light inhibits the growth raﬁ&imﬁ prinary
ronts of Zea mays and that the root cop wes the site
regponsible foy the péwg@ptieﬁ of the light stimulus by tho
Toot. E@aﬁch@é'ruéa caps and decapped roots w@ré axposed |

separately 0 pither white 1ight or else kept in dorkaess.
¥ X >
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A 1iﬂhﬁv%iugs a Cap plagcﬂ ﬁp aday k-exposed voot inhibitéé
Ehﬁ growih w&Lu of th@'xaat w%ar@m@ grmw&h WS ROt Jﬂhlbit@u w
wﬁsu a ﬁﬁ?kmﬁ{pﬂﬁ%ﬂ aay Was 91&&@6 ﬂn\v ixﬁua"m *ed rnop;
xhﬁrmiufﬂ 1&% awngggad raat Wi uai ablg cu _perceive the

el

Thie o

C‘J

1ight ﬁﬁ&n%&ﬁﬁ'whﬁﬁkvinhiblﬁﬁﬂ grawﬁh and its
alﬂngaﬁién was ﬁraéﬁmr than that of roous withﬁintaat root .

bapa ‘that hau ﬁﬁﬁn oxyu&ud £G.tuu 11Ph%*<,wTﬁO capacity to. -

QG?&&%V& Lho }A&ht JLxxuimr ﬂﬂd ihﬁ?@&ﬁ? mm,bqii@hiﬁit@d b?
gff‘ f ) ;t was Tostored o deca ;pod ru@ﬁb 5 hﬁﬂ s after tho %éméﬁal
ﬂﬁ thé-r@mi ﬁap. ~ Thi uggevtud that 1ight Anlzmat s The
qyniha~av 91 r@l@aat 05 n quwih xnhsbirwﬁ grmu ih@ raﬂﬁ

rap ﬁnd ol anmmaz@ﬁ pr@vmau%ly Abﬁ éﬂu two aﬁhﬁr 1&hibiﬁar5

havﬁ been. foumﬁ Lo ne prwwamt in taﬁ TQDL capd n; IEWnL vréﬁh”
hu“ mcu d@wh wrmwn @a ﬂ?@ﬂliﬂé& (WILKlﬁ“ auﬁ %AI%, i&?%)ﬁ
In‘ﬁuaLhor pawﬁv :kLh% 5 aué ﬁA&z (19?3) 3ﬁv¢aagpstu&
Lae rmlatinn$hmp b&waa11h@ Laghi—xmdnc@ﬁ iﬁhxh?hlﬁv of raat
eimngat?mu éﬁé &n Pamiragza Te ayﬂﬂﬂﬁ oi pr&mary TQQL@ GI
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?uyvaturu Whhﬁ 1he TOOLs Were, ubququanﬁlf pzauea hnrlzanaaliy

i ur%ﬂmﬁ&, f’Argrfti&hl nsrvatmr- whE &a»ortedg hawnvar
wh@n Im&hL ﬁmpa w& iiﬁ&h@ waE nsed ju%&aau @f 0&?:*@x@0$wd»~
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Hovever attaﬁhmﬁﬁt of mapﬁ.frmm.%mmms grown in darkness,.

0 dﬂcmgpﬁd rO0Ls, whﬁch had been ﬂ?ﬁup vari;ualiv i white
,lAgth 1nducud‘imétiﬂ cu¢v¢ﬁnro upon QFTGﬁidiiﬁg the Tﬂﬁﬁ%PjM
ﬂOTlZUﬁﬁ&ilYniﬂ dﬂykneSﬁ@ -.it appanred thorefore that o
dﬁfk»&i@@&@ﬂ i@ﬂmlp@& oot can bie induced to bend by |
attachin g ﬁ'“,git QX?Q$LQ reot cap te its ayum, Aai?mwmd by
erigmnﬁal'arieﬁiutman of the root Ln:darAnmua daapxta'
neither the oot cap narith@ decapped oot veceiviag pxaviﬁﬁs{f

‘“g@ﬁtfmﬁiﬁ st&mm%uai@ua

Yery r@gumL %xpuera9iu hy %thln amﬁuwﬁiﬂuﬂiﬂzﬁjj

lin]ﬁvluﬂ xmi&nv“‘ﬁvzéancﬁ'qf ABA(@m;ng invmlved”in ﬁhﬁvggam
ﬁi&uﬁtﬂ r@wp@nﬁe m&éﬁaﬁism.QF"Zeg,rﬂazs (WILKINS 1??5},
&pyixaaixmu of ‘ﬂﬁﬂ at vmnventznmlnn ot 107 MitaJlﬂ”?ﬁ.tﬁ
ﬁﬂrizunta}?“ m?%wwﬁa?ed anﬁmcf dark wruwn'ggﬁ xﬂaﬁ&:raﬁulﬁﬁﬁﬂ#
in the. dev&?opmmni mf znwvwaré cmrvaiurew' Wﬁ**?'é&ﬁtrﬂls
hmwwﬂ 35?&10 CorvaTure. ‘qu dld 6t xuuuru any dowaward
-vurvakurn in howis ontal @mca@p@ﬁ Kaﬂhﬁ@i ;Eh&mm rosulis BEOR
o @ﬁﬁghliﬁﬁ,'éirﬁﬁiy, that ﬁhm'gﬁﬁviwpwr@@ygian mechand sn
in Q@wrﬁtiﬁé iﬁ“ﬁhé darkenod rma?rmapaané uot depandent
upéu nrovious @xyssﬁra to light, ﬁnd, gﬁ&éﬂﬁZy\that the raqtv
ca? is the main site of the Is L@rai L£ isport of the
inhibitor. J | M
,Th@‘madhnni@m~r“vpgﬁgiblaiﬁar.tﬁé geotropic response of
- Y0oots 3anm5 yar“&ailv unday 5tmﬁd‘éﬁﬂ‘théré‘éééﬁ§ 1i£tie"dmnbt;
 that it ruvalvwg tha qynthu i@ u% rﬁfﬁase and dgwnwérd
Jateval tiar spﬂyi of Aﬁ& An hﬁ'*soa cap and tﬁw 3ﬁﬁséquaﬁt
hzﬁipéﬁai tr~ @my L of d@iimxemt anmounts of ABA in the upper

arld 1ower hﬁiveﬁ of the hQTLZana3 root {hLthﬁi, 1976} .
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Tho ¢4y}mwtfy in ABA mauc@n p tzon Teads 1o unevumi growth

ratv“‘ﬁf the two an}vag of &hﬁ rwax asd ul?xmaLwly to down-

(%3

',nard cuivngav th‘i1’:iﬁﬂmn%ivaiﬁﬁn of a dounwarﬂ lateral

: %ymu pnru mf Auﬂ.xu nariamn#al!y aximﬂnatu& ruaL caps h&u
)aizli to be aucquzvauuiiy *”Lﬂbii&h@ﬁ but the main fea ur“ﬁ‘
of ihm mﬁwhamﬁwm gopcuy w;&h ?ho e 0rzvinu11y prmyuse&‘by
the LiiﬂM}Br\!{ i"’f‘i*’i’ Ix}fum}m ig, _ |

| &%#:; h%maty>§f,9th@r.grewth reguiﬁtiﬂg SﬁbﬁtﬁﬁCQH;w
bmim&’ﬁuﬁﬁlﬁ@d‘iﬂ tﬁﬁ ﬁﬁmmr@nié rvﬁnunwﬁ 0f %oﬁh-ﬁhwgtg aud .
":3QQLJ has only 3uﬁt Y ﬂ@nLJy howmn Lo receive dtten%ign,
<?hKLL Pﬁ (197 é iuveztigaimu Lh¢ yibbuveilin ké ac t i

wﬁxah dlfrﬂ%@d.ﬁfwm ap 1&31 %nd ai Hmlizn1hu hypoao;yi% 1&

elation to ycuprayiu Lxmnlauinnﬁ Apuroxlmatpiy £iam
:ﬂﬁiMQﬁ‘&E mueh hmhwaxel?anuliha ﬂﬁilVlLV Was mﬁtainﬁ& frﬁm"”
ﬂ&dr TﬂiPiVQ ‘blocks in canxacﬁjwith the lower half of the
~ horizontal ﬂhmgﬁ ﬁis&dé thmﬁ'from reg&ivéf'ﬂléqk$ in aaﬁt&¢% ;
with th@rupgér ﬁ&ifa fp svoxinataly %Qudi qa&utigxﬁﬁ were N
| Qbﬁaiﬁadlfraﬁrthm,ﬁwa haivw‘ of. V&?Itad‘ly Ql?@ﬂidLGd ahnnt
ﬁ%iééﬁn I@»mﬂﬂl@ ﬂyﬂﬂdf that a 1ux¢zon%@l,§ﬁ§%ﬁggggg
hy@ccutyl apex trans pQEL :pnroxlmaﬁﬁly ten ﬁim@sfés magh
4{;ib>uraﬁianwéxka dctjuﬁmy thra&gx the 1@46T:ﬁi&& than thycuzh'i“
the uypmx'ﬁida,‘_ Although these f@%ﬁlﬁﬁ do not allow a
d@ﬁisiﬁﬂJ%@ Lo na Tite! B ra hew uha dlfﬁu#ﬁnilul OCCUES ,
PHILLIPS P@??) ﬁugrartaﬁ thﬁt hanges in sibberellin
Transport and/or r&tﬁﬁ of gibbevellin synthesis may_ﬁe~garﬁ;

ok th yaanmopac Xﬁupoﬂs@ of ﬁnmtEQWﬂ? shoots,
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3

$om@ﬁhaﬁ similar Lindings were r&?arted‘hy RATLTON and
PHILLIPS (1&'3} for detached Zea coleoptile apiceé. The
amount of gibberellin-like actlvity diffusing out of a
hovizontal coleoptlile apex was approximately § wimes greater.
than that from a v&féigaIKﬁhmwﬁp With borizontally
orientated aplees, the ratio of gibbﬁwﬁlliumlik@ aaﬁiviﬁy
recoverad Lfrom the 1§Wﬁr half compaved to the upper haif
was 4 1 1. Agaln these results suggest thag ﬁh@ release,
synthesis, activation ov intaxcnmvmfﬁiﬁn of gibberellin may

be initiated as a result of peotvopic stimulation.  Thore

=
Lﬂ

;oo evidence Lo TUEEOsT that a dowaward lateral transport

of ondogenous gibbereilins occcursin hovizontal Zea

Fa

ccoleaptile aplces.  Also, growth inhibitory activity was
appavently greater in extracts fyom upper veceiver blecks
than jower yecolver %iaak#‘wﬁiah 3@&@&5@@& that geotropic
#ﬁimuiﬁﬁiam may affect the concentration ov synthesis of
Cinhibitovrs between the upper and lﬂﬁ@f halves of hovizounal
coleoptile Sopments.

In &mfatﬁam§ﬂ to elucidate th@ymmcﬁaniém%'ﬁh@r@by this
gradient'af gi%h&fﬁllinmlik@'aativiﬁy is established in
shoots, WILKINS éﬁd;ﬁﬁﬁﬂ (19?@)‘igvasﬁ%gaﬁﬁﬁ the possible
lateral transport of raﬁiaaqﬁiviﬁy in h@xizﬁnﬁal and
vertical sub~apicdal segments of §§§:§QX§FCﬂlempﬁiiﬂﬁ
supplied asymﬁ&%riénlly at their apical endg with oapay

' i . :
donor blocks containing { H}GAsy.  They d4id not obsevrve
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any puimx;ﬁv of muvanenu wxrhwm the segment and no avidonce
of ﬂny 39&3macf$vm&y @erganA fyvom the *@gm&nt inte a basal
Vﬂmalvmv block could be detect tod, even altor a transport
period of 24 hours. ‘Mo doviwnrd lateval Lransport was
observél even after 24 hours in a herizontal position.

| More r@ﬂnnﬁﬁv BL-ANTABLY and LARSHN (197@@3 @xﬁraaééd
the uppor nud lﬁWm? halves of nari sontal Qxim&iy rOOLS qﬁl
yiggi, h;@g}? va and found thet the ummr % ﬂi sz*i 'i':‘her'i‘rm)t-‘ |
ﬂ@ﬂﬁﬁiﬁ@dﬁﬁﬁ?@\ﬁJ%hﬂr&3§xn”31L® activity ﬁﬁzn tﬁa 1mﬂer
half ﬁﬂ;mﬁ “wrﬁé by the letince hypocatyl. heﬂa«&%y - The
"r&aulmd dngf),ﬁﬁé.th cy ?mhheralixn mighi - aqatﬁt 1n the
'-pﬂgimi?w ﬁﬁﬂ%?ﬁ?ﬁ? POSPORSE @£’¥ngm PHOLS hy sﬁimalaﬁxag
@iéngﬂiiﬂﬁ Qt the. &Q*ﬂv ﬁdf& of the rovt. This suggostion
- dows of gﬁu‘an dﬁyun& mpum gibberaliin %winé aﬂﬁromﬁt@r Q%

NTABLY and LAR SEN (wma}

?ﬁnﬁ.ﬁr@wth» JGR$QQHGﬂt1Y BLM

jny&iav& luw uﬁnmﬁptslismn% 0& b&y %w gﬁrmxn&@&ﬂh Uxa

2

”.?abn sods gu”t ‘Fva'?hm;r raﬂxﬁ}ﬁ hﬁd bru Ajﬁhg s&éa

ﬂﬂﬂt,,“]i» wﬂq Foumnd 1hat Ghs stimulated raﬂﬁ alongotion ‘in

Vicia faba mﬁth%n Bﬂ heur* and Lepidiun ﬁithiﬂ 36 hours.
There seens therefore to hc @ definite paés“hility that
gibberelling ﬂﬂfﬁib&ﬁ&ﬁﬁ in the. davo?mpmuﬂt of the 90¢¢¢?Ve
Hﬂﬂkﬁﬂﬁ%@ auvyatureq y _

ﬁnlim@.lA&, tran;pwyﬁ of the %xb%nrul?&n hms Qat h@an
8, éamig of grealt ves aargh Enteraﬁtg ﬁm% izmxtvd LM&UIOng
of gibberellin mavemﬁwﬁ in plants cones d@moﬂt entsrglv

Fyom ﬁiuﬂi&ﬁ-iEVﬁlViﬁg ﬁhﬁfﬁﬁﬁli %anﬁ of Gxﬁﬂﬁﬁﬁha-




43

gibberelling and @rauﬁyﬁri has beon detected and measuraed
eitheyr by m@s&r%atiamsaf growth responses in parts of the
pﬁéﬂﬁ remote from the point of application or by using
rééiﬁg@ﬁiﬂely }ahaileé gihbﬁreiliﬁ acid and directly

neasuring the radionctive contont of eppropriate portions

of fissue and agar rveceiver blocks applied to out surfaces

o

of segnenhs.

Yhe data on gibberellin novement in isolaved sogments
Lo Limited but in the majmrity of casos tested so far,
gibbereiling have been found to wmove in a non-polar manner.
FATG (1858} obseyved no difference between acropetal and
basipetal ﬁw&ﬁ&y@ft of GA [struwetisre not stoied) through
5 am sepments of etlolated pea epicotyls as neasured by the
extractable gikborellin inm receiver blocks.  Although
§rﬁbah1y'cdwp@11&§ to do =0 because of the insensitivity of
the ﬁpéu&ﬁgyh@tﬁmie method of assay, KATO {1Q$83 vsed
extremely high nﬂnmpﬁysialmgimml conceontrations of GA in the
donors {l.d4g l“?') pid 3t is well established that the
polarity of IAA movement which is so striking at physio~
iogical caﬁ@antxatiﬁns, decreases as the aﬁmar concentration
is incveased. | |

Thase results were confiymed by CLOR (196Y) who used
"{3H}GA {vastated purity, céna&utratian and structurs) Lo
iﬁvaﬁtig&ﬁ@ further the possible polarity through 3 em
sognents cut fron fhe second Intornodes of dark grown pes
eploeotyls. Radiguotivity present in agary veceiver blogks

was assayed by scintillation counting snd the transport
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pattern was found to be the same for both normal and
inverted per stem segmenis, ige.ﬂu significant diffarénam
betwsen acvopetal and basipetal transport. 'Raéiaactivity
prosent within the tissue itself was not agsayed and no
evidence wms_ﬁragﬁnt@& that the radicactivity was still
confined to the GA molecwle. The rate of transport uas
found to bo the same for both dirvections.

- »
F4)

almmlmrzy'{sﬁ}ﬁﬁivdid not show any longitudinal pelar
tranﬁpmrt‘thﬁaugh 2 i segments of égﬁngﬁXQ:Cﬂléﬁptilﬁs
after transport times of 1.5 hours (HERTHL et al., 1969}}
Radiaactivity'was asSayeéjby 5éin£illationﬁééﬁuting and only
that present in reéeiver blocks was assayed. There was no
check that the radiocactivity counted was still in the form
C‘BL TGAr . | |

The nonpolay transport of {SE}GAI through segmnents was
confizmed by SCOTT and MOST (1972). The quantity of
{3H}GA1 transported wvas low énd it was found to move at the
same rate through 8 mm sections of nodes and internodes of
jmmature stems from sugar cane, Only radioazctivity in
the agar donor and receiver blocks was assayed and a chroma-
Cwographic snalysis vevealed that the radicosctivity was still
as#m&iat@ﬁ with GA, . Simultencous application of TAA
and GA, raﬁmltédviﬁ GA, moving with a basipetal polavity.
The presence of GA, did not change the basipetal transport
of IAA in any way. A

- AB mentioned prgvimuﬁly,,WIhﬁlwﬁ and ﬁA&H‘ﬁlﬁ?&)

S - . A 3 iy 'y )
studied the movenent of radicactivity from { HIGA; in sub-
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apical Zen amxamptilﬂ segments and found no evidence of
a longitudinal polarity within the segment and no radio-
cactivity above background was detected in the receiver
blocks.  PHILLIPS and UARTUNG (1974) reported that
transport of {éﬁ}GAl was ossentially non-polar through

o

sten am&men s of Phasgolus coccineus and 1ittle metabolism

of { ﬁ}Cﬁl ssened to occur during 16 hour transport paxiods.
An apparent acyopetal polarity was obsexved in young § cm
seguents but was explained in terms of gibberellin being
witb@r&wa fram the trangport systea into arowiwg Tegions.
fAvidence for nen-polar trauspcrt Of&ﬂmgemnmlyqpplsﬁd;
gmbherejllﬂ also camaﬁ fr@m whole n]nnt studies. Auto-
radiographs reveal that { G}GAZagpliea in éthanol to the

stems, primary leaves and terminal buds of 14 day old

Phaseolus vulpgaris scedlings is rapidly absorbed and that
the GA andfor its metabplic products moved in a nen-polayr
manua% aiﬁhmu"h prlmarily dmwnwaxﬂ £from the site of
application (H&TANAEE and | CULLY, 195 7). Application 0
the stem seened to'give the widest distributimn to the
various plant organs whilst application tn.the bud gave the
least. This»épﬁarent distribution dif Eer@aco could be due
nét ondy to uptake and transport t differences peculiar Lo
ﬁﬁems, leaves and buds but also to differences in surface
avea at the different sites. |
Similar results were obtained by ZWRIG ¢t al. (1961)
vho applied labelled gibbereliin as a lanolin paste to the
leaves of Nem mmy@ and to both losves and cotyledon nodes

of red Lxungy heans. Transport wag studied by asuto-
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radiography and growth vesponses with a time course fron
1 - 216 hours. Poliar applicatiﬁﬂvﬁa heans resulted in
low uptake and very little radiecactivity distributed
throughout the rest of the plant. This was confirmed by
the growth response becanse avam‘a days after GA applicatiosn,
there was no visible ¢iengatien of the internode.
Appilication to the cotyledon nede vesulted in o greatey
absorption than foliav application, but still most of the
radionctivity remained at th@‘poiﬁﬁ‘éﬁ application.
tovever B h0nrs after application, the first internode had
lelﬂngated roflecting some upward GA movenont, Radioactivity
was found to bo distributed throughout the plant after only
3 hours and by 24 hours could be détacteé all the way down
into thm.roaﬁs. - GA was found to accumulate mainly in the
growing regions of the stom tip, Autoradiographs of Zea
.plants alsg‘shnwed linited adsoxption but sufficient was
taken up to give obscrvable growth respounses. In contrast
to beans, there was no evidence Ffor any wmovement to the roots .
“but rathor a light distribution to oll developing leaves.
As. shovn in beans, radicactivity was found to accumilate in
growving regions,

Further confimmation of this non~polar pattern of
transport came £rom translocation experiments using intact

. Iy
plants of Phageolus vulgaris L. (WHITE, 1973). { G}GA,

was applied in agar blocks to fully grown and rapidly

expanding trifoliaste leaves of 3 week old plants by abrasion
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af Hﬂ&ﬁkﬁ&, ﬁELLhAN &nd WILKING, 1972). -?5@deing treabe
nt, pl“ﬂ&% wers ma&nr%zued far zﬁ haurb in constant

 ,3 ght At z @& prlar %0 &wlng.cnt %ﬂ?a ”ﬂﬁme&tﬁ.;' The

iﬁ; rrzbuiiwa of ra&iaqctivmty waﬁ}#vamyeé by >ﬁinti11a£i0u;

:Hé&ﬁﬂﬂmﬁﬁ ﬂﬂﬁ “the r@%nit% r&V¢aled that a:lwxgﬁ prmgawtzan

nf ?hm Tﬁmtﬂd@tﬁ?lb} mrj%iuaiiy @@p%i@u rmmajn@ﬂ ot the
"f;im of fm:,«;?,mm o7, . --mwvm: E2) maii }gmzmm,}cm wﬁm

grﬁﬁﬂmﬁ in. &hm nﬂMinJr around Lgc duua &P@ﬁ'&ﬁf eFen
smalley ammmnﬁﬂ. in Lhm wxmﬂ'it‘mnﬁ aa;amiw QF the donow
deat théré Was ng i?“usﬁﬁfh 4ith@ rvﬁﬁgtal&y into “the
Jﬁﬁp@r shéﬁ mr bas 3§ata23y Lﬁﬁ@ ih@ fuwaw.‘* |

ﬁowwv&xg seme auxzuwﬁxb%@rajliﬁ ﬁyuﬁrgs M”ékpﬁrimﬁﬁﬁa

(GALSTON, iﬂaa, f&&““@% aud @mﬁguab9 3% 3) udﬁﬁ%tvd

‘vvid@nua f@? ﬂn &gwmwaﬂB ymizrmty Gk x bﬁd?@a?ii mmvamunﬁ
gated jai.tm@r'w%:g.z;ns
Lmr nuv 11

ﬁrhngparﬁ as. $n qibhax

Lk s)’r'xmn'g;;is;zz":izl{‘t L
iaund txac hﬁ afimc& mf,w}bbﬂvaﬁliﬁ ne é:&upli@ﬂ to ﬁhé:

7bﬁ$u uf 36 Qm iwng svﬁrzﬁas O &iwﬂ dnﬁu pﬂ@ @p&mmiyl&,

auulﬂ be auted a% L&m ﬂpmx Fominut n @ft . ﬁ?ﬁiﬁé&&?ﬂn,r

"
,’}v

¢nd¢&j; g rota of auropet maﬁpm‘

W;;uﬂi& (19“*”

?"z

‘nu nh zv@d, ﬁnd At was

W gzﬁaaj f nat bus mlly

{ ’*.,LSTON

Qan? d@d Ly 9%&?”% @uﬁ H&LL

applic d &As mmvu 'Ac;ﬂpALullv tQ thb ﬁﬁcx 0? @ea agacauyi

secl ion@», “iﬁﬁ}
minirte & o£ w%ni:ma?xun, thﬁ bﬁ bﬁﬂﬂ 20 E0 b@ ﬁrguapﬂrtﬁ& at
a rate of 20 ~ 30 mm/mAnﬁ?n,; _ @

L °
(] N

-u! L} bﬂ&f&inuﬂbo;;ﬁJ;_~

gr wan ﬁr?met WETo Lvioaat within % 5




48

Observe txﬁn& by ﬁ AVR& and MeCHRE {1958) indl ~atad
that when gibberellin was apalimd “Q yamag shoots of vine,
it vas not transiccated tm_@th§$_5§aats wh;a judged by its

affect on uiﬂ@i 31§ﬂ§5ﬁ&@n'&u§ §hé%;m§r@ gibbereilin’
xﬁamh@d th& mrawiﬁg éﬁéx 9f?ihelshm@t when basal 1&&@@5, 
i WeXQ %prayva, than Nd@ﬁ apical ?ea SWere (i;e. acraﬁeéglv
ATz gaari) ’

Gi bbawﬁjﬁzu was augltem as o lﬁquzé to the t?lnlnal
hu&ﬁ ﬁ?_J&xB&%§ QR - art;vh&kﬁ ‘ﬂnd vaﬂ ﬁlmﬁ 5ﬁxayod ﬂutﬁ
.,gnm aign?s { f“ﬁahLV”ﬁg i 61}1 : ﬂy@n&h @i ¢he &kixlﬁ Y
aaga was 5Tl szl&aea mnd aniy‘xn@n part 0} th@ stem aaﬂveA”
thv site é£'$§paiﬁaikoﬁ, thickened. ﬁmiliary budv bg?@v
fho aiiv of awwl‘aﬂtiau uara ot stimulated. - Ti‘ effect
5 $§ ﬁhﬁ eibﬁ&xﬁllﬂn ﬂiﬁ not seem o Q&%ﬁ'dﬁﬁﬂﬁ»?ﬁb anl}

mﬁata}Syq L hu _when the apiﬁal'laaﬁé* -are prdyvéw
hhﬂ ihhsreiixﬁ’ is .3“@rbﬁ& and ir F$fhifﬁd to fhw SLem
,ﬁr@nghey@‘iﬁ-i%"traudﬁurtuﬂ aarupvihliy Laé%ho axillary
dfﬁ&ﬁﬁ térmiﬁéi bﬁ&@. - | , |
| 'A,¥Q£7NB {iﬁéé}*hiﬁﬂiaéfﬁralslﬂmaéiéﬁ‘ané.maﬁabalism
{ &}GAS ayylimd as. a aalu 1&3 to Ful?y PX@SQ&PQ

‘lﬁailﬁiﬁ of lighu grown OB ,Qoﬁlﬁhua." ﬂn 1ncr@as¢

in the nrawmn rate of the dﬁ?ﬁdl r&gicv ol &ha shoot was

iﬁﬁmd*aﬁiﬁs_xﬁﬁxv&i@an nh@f g&haewelliu ha& been, transported
T From th@}@@mgﬁ-ax aﬁnlmmationw The 1&?& of trans par was
Jqﬁimaté& to bo é§§ ﬂ&“ﬂﬂf@E? 5 cmsjhaﬂrn ~Autaradiagfa?hy
whng wa z%'ﬁ j' Ln&y hL di¢m §ﬁuaznp of rdﬁ§9%8L3V1iy
as o iunvtzﬁﬁ of time$ wh@ueﬁ ihah ww>u OF thn T&ﬁi@ '%vity_:*

r@mamg&d whar@~iﬁuaas 3pphm9d* Lkﬁﬁla-radx&amﬁavzty
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moved iﬂtn:leavas which ware fully expanded aﬁ the time
of treatment ov into ﬁh@ roots, but mevemnent did take
place into young inmature leaves which were expanding and
inte inuature regions ﬁf”thg‘stam. ﬂhramaéagrayhic
an&lyﬁig'r@vaaleé that the radisactivity extracted was

still confined to the GA melscule and thevefore the paitiern

14 L

and distribution of { €} rﬁflect@d that ef { (}GAs.
.ﬁgﬁﬁwﬁ'glﬁﬁé) concluded that the GAs moved acvopetally
into rezions af‘gruwth, kasad on the observations that GA;
was transported from matuve (o immature Loaves.

MeCOMB (1964) suggested that ﬁﬁﬂ as?ppét&i Lranspors
of GA iz inm th§*@h30%m and more direct confivuation of this
was provided by CHIN snd LOCKUART (1965) who studied the
divection and extent of gihberaliin transport in Phaseolus
_gglgﬁmig. Again transpurt'waﬁ'm@asured by an:iacrease in
the growth rate of the sten apexn: The results showed
that » similar increase in stem growth ﬂucufr@d‘whan GA
was apﬁliéé to the First trifoliate lonf oy tm the shoot
apex but considerably less elongation resulted when CGA was
appliced to thﬁrgwimary leaves. When leaves were treated
with GA after remaining in ﬁarknﬁsé:for extended times, nel
increase in stom elomgation was observed. However growth i
- was promoted as.a'r93§it_éﬁ'acrﬁpétal‘ﬁransgdft when plants
wgra;rﬁtuwﬁéé to tho light. These results of CHIN and J
LOCKIART ﬁ@@m&d.tﬂ»damﬁa$ﬁréta that applied CA moved with
ihe éarbﬁhyﬁfét@ SLIOam, | ‘

.Im&iregt_bviﬂ@nce ﬁar an acropetal péié&ity vag

abtained through the use of topical application (either by
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injection oy surface application in ethanol) of GA, to
conifer élants that had been treated with growth'retardants
(PHARIS et al., 1970). The résu1t$ suggested that plants
" not treated with vetardants may ﬁava dirvected the
gxogenously ap§lieﬁ GAy to move atyﬁpetally whercas plants
treatod with ré%arﬁmnts showed little or no polariﬁy of
GAs movement (as evidencedby the fiaweriug rTesSponse) .
Purther evideﬁéa"fgr an acrépetal polarity in non-treatod
plants comes fram exporinents whereby {IGA, was injectedr
and the distrihutimn of radicactivity measured after 24
and 72 houvrs. fh@ra are two criticismswhich even the
authafs thomselves montioned. Observation of a flovering
vesponse L8 not synonymous with transport of the injected
GAy and no verification was made that th@>mmvemant of
rodigactivity was still in the fovm of GA,.

| in mgntrést there is aﬁ incrensing smount of evidence
- that GAvmgv s with a hasiymﬁai polarity,  Poliax application
of gibberellin was found to induce foliar sprouting of |
subﬁaqu@ntly'h&rvaséod tubers with the implication that
gibberellin is transported basipatﬁily in potato plants
(LIPPERY, RAPPAPORT and TIMM, 19058).

KONTZER and LIBBERY (1961) reported a significant
amount of gihbéreilin present in basal vreceiver blocks 3
hours after the application of GAs in ogar danor blocks
to‘tﬁe apical ends of Helianthus hypocotyl segments.
However simce the gibberellin present in yeceiver blocks
was measured Ey a bioagsay which was not calibrated, an

ostimate of the actual quantity. of GA vecovered was impossible.
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GREBNBLATT and JACOBS (1866) did some similar
exporiments wheraby OAg wa;rapylieé.in agar doner blocks
Lo in%@rﬁééa sections of Colsus and ai the ond of the
transport yeria&(Unkgawn} the vageiver blocks were
assayed with the barley endosperm tesi. A basipetal
‘pglarity was ragwrted and was of the same order of
mﬁgﬁitu&m_aé xéﬁérﬁ@d'ﬁﬁr IﬁA in tﬁm.samé internodae.
1 ug Qﬁ-ﬁﬁbbﬁfﬁllin applied tﬁhﬁﬁﬁ apicel end: of a
& mm‘ﬁ,aaiwn'gf poa epivotyl was found to bﬁ.ﬁ‘ﬂﬂ pnztcd
with a slight &@sip@tal pmlariﬁy‘anw receiver blocks 3itar
12 hours (ﬂﬁﬁud, hBRLﬂ?ON and PALEG, 1966).  Similarly
JONBS and LACEY (1368} applied 0.5 ng:éf'eithér GAy or
s in agary donor blocks to 1% mm sections ¢ut from pea
stews and found gibberellin activity in aiiracts £rom the
bagal remeivwrs,
Ater MQLiﬁ$ & eritical &ppva&ﬂdi of the rather
controversial literature on gibberellin tyansport,
JACORS and KALDBWEY (1970) dec ﬁev that they would be HOTE
likely to neei with success on the problem if they were to
physiolopical concentrations of 8Ay and an experimental
system which had alroady beon established for auxin trans
:p@rt‘studias (JACOBS and KALDEWHY, 1970y thereby cuabling
a divect comparison to be made with properties of other
'h@rmmnw tranap@r @yq@em Cons aquau tly. they applied
agar hidtks ﬁﬁﬂﬁ&jﬂing 0.1 nggﬂha ﬁa one end of 5 mm
petiole segments of (olous and receiver blocks were assayed
by the very sensitive bavley endospsyn bloassay after trans-

port periods of 3 hnufsp . The results vevealed that st
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ﬂfleaéiiian“timem as much GAs MOVG& bas lly a acro

"Vpctaliy &heraLarﬁ vh&n Gﬁa 15 t¢¢tcu undar the sane

cgnéltlona a IﬁA, 11 mavms WJth a sxmxlar palh city, time

cﬂursa anﬂ velac;ty.‘, Thln Iayer Chro;aﬁggraghy ravealed

~ that the Ghs 15 regmverad unchanved«

tmnfirmatlen that the tlma caur ser.of Ghy. mmvement
éhrough sa&?mons ai yﬂunv fast graving petzelav of Lmleus"‘
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& ﬂbﬁﬂ?“ WA sy, £rom, thm rvnt tAp (a&* atal} ﬂﬁﬁ ﬁhoreh

‘_xeru in’ tha_oﬁpasit@ Qlf?tﬁi)ﬁ £o the pal&ritg o3 auxzu :
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. mme 56 mfc"m mmz zmvmmn xmsd ,mm,k 1w to that of IAA

in’rﬁmts,:”s caznrq8r La £he iruhzﬁ& gimijavsxy of &ﬂg nnﬁ

'ﬁﬁ&ﬂfxly and LlAG aeursa in ﬁ&uioi
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'FUthﬁLmﬂ“Q, a’ wamgari ﬁu o{ ur‘nsperﬁ r*VGﬂlﬁu that the
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Littiﬁ*&?iﬂ&nge exists rolating to the movement of

ﬁuﬁahw 0US gibb@xallins in piamts but. it seens likely that

L)

2

they move in a ﬁnﬁwdola? manne“ . In :Pisum and Ho!anzhud;

auﬁ&q&nﬁa$, ﬁihﬁ?ajlzna armﬂ,yn welised in the young loaves
‘&nd sfﬂu Ll@% {LOCK 4AP”¢ quwg Jﬁhhﬂ‘“nd PHILLIPS, 19G6)
and from Lhﬂ?f aiiﬂﬂEdtﬁfY sffect on the growth of the inter-

s

o

nUdﬂn, it }HpmiTﬁ “hat_th@y nove bnsiou ally. - It
"appafént-ahat they also HOVC acreyetmlly in Helianthus

since wcc%.inﬁ ihb pair of leaves inmedia teiy below tha

Lt'd

L)

fourth intarmaﬁe, reduced tlie growth of this ;nternaga by
;halﬁ (JONES and PHILLIPS, 1966). Cevtainly in the case of

%nnfjuworw, @hm re is a-correlatlion between sites of

zbbnrel tin yntl sis and the oxtent vo which the olongation

ﬂﬁ ﬁhQ‘1nﬁ&TﬂQd@ is stimulated. Sinq@*gibb@rﬁilinﬁ
SYﬁthw$i$§ﬂ in th@ leaves inflﬁenacﬁ*théVérqmﬁh 0fw
wiimm@éiatﬂlw a@jtaent 1ni31na&c>, the distanc GAth&y nead to
be ,rﬂnstr“ﬂd i# ?wn vory {drn ﬁibb@rellinsiare‘aRSG
:Lﬁawﬁ ‘T b&synﬂ&sasai and/ox 1ﬁﬁ&rcamvértediin root tip
i ssue and translocated acropetally inte ﬁhc shoot systen
( MILLIPS, 19645 PHILLIPS and JONES, L0G4; CABR, REID and
-EKHRE, 19647 JONES and PHILLIPS, 10661 L&G? i,KﬁNDH and
SITTOH, 1967 SKENE, 1967; SITYON ot gl., 1967; CROY TR
cand WEID, 1971). |

Gibb&ralﬁiﬁs'are ¢ransported both in the phlmem‘and_‘

xylew. Evidence for phioem transport is twofold,

+

Firstly movement of gibberellins in the phloowm fs - indicated

i

by theipresénce of GA-like substauces in the sleve tube sap
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nf a wumbu? of hﬁhh Vﬂauy 8§d‘WbThﬂP SOUS. plangs o

(KLUGE et al., 1964). ?a@ second line of mvidbaco‘fmé
phiéém“ﬁranéﬁs?ﬁ coes L1 m the fact tgai aggliaaﬁiﬁn{@f
giﬁbmreiliﬁs O matnféilcxvm; of othor higher plants
(CHIN and LOCKUART, 1965; McGOMB, 196 4) has vosulted in a
gén&ral ﬁl&tribuiion{th?ﬂughaﬁﬁ the planﬁ (, IG et al.,

19615 MeCOMB, 19645 GHIN and LOCKHARY, 1965).  The

dist Lhuilﬂﬁ pa 9yn Wﬂa Ffound o be V@PV.tvgical of
azsinilates noV ving into the phlocm and wcu1d have boon

exactly ?he pattern “ﬁ@@mte& i lmbellmd.sugar hmé beoen
“applisd to thr Iamvaa;: Th@ vate was. aj*m CSleﬁTLJ (A0}
be 1ha Same éﬁxihar of ghla@m ﬁmvenapt(a cng /hDur)- R
Tha‘@v d e fnr xyl&mﬁkranspart r@gtsim&inly on the
;hpfm%ﬂﬂﬁﬁ aﬁiﬁﬁwli¥~ %ui 1@nce ‘ L xy Lowm b\ﬂd&tt” wh}gh
Has boen Leybﬁtvﬂlj %h&ﬂd in & wide var”ht; of vlant
{JONHES and FHILLI?S,“L&éf; : }Nh? and & i119u3 1967 S
s;:.i"w; et g}?,, 1867 »ifé"%'::a“d—ia.} 10675 :ﬁ;im_;iﬁ.‘;;iii and RBID, 3.9'71")
nibb ?ell;nstgr- e vin% gﬁ.hutﬁfihé xylémAanﬁ L
"Tphlcan then L;)isvimnﬁvtﬁnt to ﬁ%certaiﬂ}whether Q%‘ﬁqéfﬁﬁ
‘Kngﬂarafzs;an:iﬁﬁef e LviWGﬁﬂ the . Lwn é*ﬂt&ys; |
3;;0; nmenLs Ef‘li N and Uﬁ? iﬁ‘(lﬁﬁﬁ} sﬁﬁwéﬁ that
fazﬂide?ablﬁ wﬂwka; iﬂuﬁ“&h nge of ia@mi’da:iVed from

“{‘“C}(Ag and {*“ﬁ} Exnetin daeq ocunr hoﬁwa&n.the xylen

aﬂd‘exfra -anbial tlssua of &allx melnalis. 4 Ra&;a

granslccaﬁiﬂn Q;Jhcﬁh"growth qubstancvd ‘From the tr&ns~
piratien steam into the sieve tube sap was demonstrated

by the use of the aphid tﬁ;hniqne;“
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There is on additional possibility that GA may be
transported by an active transport wmechanism independent
of the vascular systen and passive diffusion. The lateral
transport of GA in segngnts excised from Helianthus hypo-
cotyls and»@isﬁm; epicotyls was blocked 5? application of
TIBA to plants before the isolation of the segnents
{LIBBERT and GERDES, 1964). Likewiss the basipetal
@ularifr of GA found in sunflower hypocotyls (KENTZER and
LIBUERT, 1961) was considerably recduced by TIBA aﬁpliﬁatiﬁn.

it is @vidénﬁ'thcrefﬂra that‘ver? little is veally
knoun about the &raﬂsyort of gihberoilins egﬁﬁciélly in
the intact ﬁlamt and an expianatiau d£ the‘nature of the
gibberellin traﬂspért systen may give insight into the part,
if any, played by gibberellins in geatrdpism. The primary
aim of this thesis way to assess the role of gib%@rellin
transport in the‘geetrspi¢°respmn$é$ of raﬁtg'aad shoots
of Zea mggﬁ‘ééﬂdli#gs, This involved severnl lines of
investigation. The first yari was designed to make a
detailed study of the transport sand metabolism of {I%CICA,
and {PH}GA, in both roots end shoots of Zea mays and in

gpedlings of Helianthus anpuug, using both the classical
’ ; ¥ &)

agay donor bloghk ﬁechniquavfﬂW%ﬂClﬁzs} and the nors preaisé
micropipette technique devaigpg& by SHAWKQEu al., (197%).
lTha second part was an aﬁ@@ﬁpk toe guantify and qmaiify

the andﬂg@nﬂus_gihh&ralliné'in'the shoot apicesz of both

Zea mays and Helianthls annpus scediings, using o variety

of both diffusioun and extraction techniquos.
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MATARIALS AND METHODS

1. PLANT MATERIAL

Fruits of Zen mays L. variety Giant White Horsetooth

~yeve obtalued from Martin's Sceds Lud., Goat Lane, Horwich,

o

U.X. and stored at I0C in darkness. As 8 goeneral
procedure, frulcs wér& soakad for B h in Flowing tap
 waﬁar in the Light befove yianting using the following
4§raceéﬁraﬁ:ﬂ F '

For oxporinents using ﬁubapigal segnents and apices

-

of coleoptiles, the fruits wore planted in aoist vermicu-~

P

4.

lite (J. and W. Hendevson, 130, Salkeld Street, Clasgow,.
;ngw)‘in apon polythens boxos (200 ma x B?Q;mm.x 80 mm) and

Cogrown foy 5@ iﬁ darkness al zS@ﬁ, at which time the

;éﬂiéﬁgﬁileg wero approximately- 30 mm in length (Plate 1),

| Far experinents ﬂﬁihg’ra@ﬁﬁ &nﬁvaﬂi@@gﬁiles’ﬁfxintatt

el

seedlings, the fruits were planted ount, embryo uppormost,

Con modst poper towels in covered polythene boxes which wére

placed ia davkapss at 259C, . Under these coaditions, the

L. primavy. roots grew ouwt hovisontally along the surface of

the paper.

r‘Eﬂr'ﬁhg éxpevim@ntﬁ with TOULS, the scediings were
 §$@& égpraxﬁmﬁt@ly 68 h aftéﬁ soaking, whon the priuvary
*:aéisfhad aﬁtaiﬂgﬂ an BYOYHge 1¢ngth of a&yraximately_ﬁﬁ mm‘h

{Plate .2).  Dmmediately before an experiment, the scedlings.

bank of Mazda 65/S0 W 'Warm White! "Universal'® fluorescent
tubhes, undey which they were meintained for the duration.

of the sxperiment, For the experimsnts with coleoptilos,




PLATE 1:

A 5 D OoLD SEEDLING OF ZEA MAYS
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PLATE 2:

A 2% D OLD SEEDLING OF ZEA MAYS
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’ﬁa@mllnma wvr ransiﬂrxud 1ndxvzdua3] ¥ 5& h after aak;ng

T Pyrcmnvxal.fwnimh hﬁd hoan %1113& previuusiy with 1"

(w/v)‘ay& E"Purxflmu” .Gxaid L&d¢, Lund&n)  The

‘$a&dliﬂ§$ wor ma:ntgln m in d rnn Qs AE “FOP‘~@xééyt

: ;FDT hu' ‘amd ari{é},al preauéa ; Whlbh wrru

cnrried avt uﬂder amm FTOOR 1 igt L £be‘ @@ulings wgmﬁ udmd-*n

when tn@y haﬁ atta 1Gﬂ vn ggaabﬁ" ﬂtgwhichfsta e ih&

malcaptalof waru bo wc*n-Sﬂ s and 40 i Anslengtl

(platé J) A

Abhb&ﬁ &f*?glzanﬁhuﬁ @nuuuw varmaty ”111 iﬂgl& werqff”

1’03;

3&2%1&@6 £ nmwr Soaﬁ

NL‘LQ., I\.ﬁll 'L'I'Gf?‘k, LﬁiCG‘ 1.02‘, B'né&- .

.‘1

X

'ﬂﬂﬁum} vmntainAng ﬂ‘aﬁanuaré cnm

t m ktur y

e B

ERUCE §a15men‘5 (E;étea

s c pctq [ rm di

”V,wa?“ HTGWﬂ 1‘

Dnumber an&‘

:r. b} 400 w 'hﬁ&

supwltgu da&ly bé@-

W .

n} ”;ﬁﬁlaiﬁs”wﬁra aiarwc twice. ﬁhlly.

«




PLATE 3:

A B D OLD SEEDLING OF ZEA MAYS GROWN

IN AN AGAR SLOPE-
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PLATE 4: A 10 D OLD SEEDLING OF HELIANTHUS ANNUUS
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PLATE 5:

A 14 D oLD SEEDLING OF HELIANTHUS ANNUUS
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“conditions at leas

“he HORBOME

.a,“iyity-SLCi‘E“E.an&”{17mm&thy1mﬂemlﬁﬂ} gibborellic acid
4
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ALL '{;Emf.ﬁz,xi}«zar;i.rsaei—,g}.ts;'using Helianthus plants weve
., . PRy AR SN AT S AL A AU
carr;&d out, UHUf“ continuous white fluorsscent light

(3e$ avae) aﬁ ES"CA&nﬁ DPlants ‘were foved into these

¢ 34 h before the be ,‘,umm of au
exporingnt. .

3 AL ‘>PO§"{1 3""?"&?32& 15

s

T A Raﬂiﬁamtive‘Chamiaalg_

{1~3%C} Indole~3-acetic acid ({*™C} IAA) of syecific

o}

C} @A) of specific agtivity 6.104 H %:wer@ obtained

+
s

CErom fhe Rmd'} h@nimak Qﬁnbﬁv, Amurbham, uato.,'".f - The

{r ~-3iu ﬁJ.MM vollin Ay ({9H)} (w"\;) of specific sceivity

$ 31 OD!DIT.‘.‘f }; 3. was supplied by the New Ingland Nucloar

Lg1pﬁrd*i n, 575, Albany Stxﬁaig Bogton, Mass. OGL118, U.S.A.

} ??eparxulcn

The. {‘*h? TAA was su ?1xv6 in bmﬁi@ne:: acetone 135 % 1
in s&mle;‘i glass vi.al;‘s.f The l’xlu‘;rs Tory ss'i:(){:!z_ solution was
made up hy eV gurat;ux the sulvent to dryness at room
'é:e;ﬁ}p«s:m‘&:a.m’ey under a s ";rvau ei“ 'ir c::«:y:sgmwfi‘ecs nitrogen OFN).
The residue was taken up im'aamudrmp of absnlute é*hﬁﬂ@;
b«ga:m‘ﬁx, dilution 's-z»i:th distilied water to givo an agueous

fistc;ctk smlu“éimu af 2 x 107%

x:w {““( GA; was fsupplied in solid form and wos

1-.u

Ve

dmsfal\md s"B.m,w%;f in distilled water to gi 2 AqUesuUs

stock seplution of 2 x 10 ﬁ%«i. Por the a.M:uw"i aents involving

the application of agueocus hovsonal solutions in wilcro-

paties, o move concentrated solution of {Y%C) GA, was

J-u

2R
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prepared, by dissolving the solid {*"C} GA; in a smaller

glve a stock selution of

0%

volume of distil led water im
* - 15 ; . «-:, x ., % . e ’ N
2 x 107°M. lhe {*h} GA, was upplleé in ethyl acetate 3

.

Aiﬁeth&nez 1205 ¢ ] 1&7 caled &Jasﬁ v:ai These solvents
WeTe r@govaé\ﬁnﬁef B tr@um Gﬂ dry Q?N aad taken up in
V b;l}m1-Q§‘&baQ1utw'ethanoi b&ﬁore dilution WLLh distilled -
'“wat&r'tﬁjéiva an'aqugaﬁéwéta*" B0 olution of 107°M. ﬁli

' the stock solutions were stored in darvkmess at ~15°C,

G Application of R*‘tdi{éﬂﬁ‘ﬁiva Hem&w&%éi‘z Lo Seedlings
Both {**C} 3AA and {1*5} Ghs wore uyﬁlénd o
,.cal@apﬁile segaents in - na; blagks. {‘“C} Ghy and

{ %) GAy weve suppiiad~zo 1ntaut Zoa aad HeiigntLgr

segdlings in aqueous uﬁldtlﬂﬁ

Agay Blocks lwnqsar Ne. 2 (Uhﬁiu Ltd.) was incoypo-

rated into distilled wator tu give a 30 g 47 agar dclvglcn

-

‘which was auvtoclaved at a prQSEm?ﬁ of 15 ib dn”

R

and was stoved &L 4°0 untild rumuiy‘ﬂ. The 30 g 17! agar

W

sammk splution waa»mﬁi“ﬁ& 1& a w&ber buuh anﬁ d%jmtma LQ
15 1 Tt with an equai volumo ot »z:hcr dist 11396 ‘water

¢

(vocsiver Qlﬂhlg) or with an alzqunt of the a;pra} viato

hormonal solution (&onor biooks). The mﬂlt@ﬁ agar was cast

5..‘.

in br&gs'yéﬂ;ds betwean éiﬂaﬂ glass sli d@n’ The donow
ﬁlmakﬁ’{zs X 2335 s K 3 mm}~§@ra suﬁéiviégé into 8.
swaller units z§vh”m asuring 6425 mm x L1.25 \ 3 wmm.
.Pia i aga i TﬁLulVGr'hlﬁﬁha {5 mm x 21 mm x L &m) vere

’uﬁdtvid sd 1nza b units of 6.25 wn % 0.5 mmox 1 sl

for 15 wmin -
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the agay blocks were made not more thaw 24 h.bhmmr“
use and ware siorved on ¢lean ;? s slides iﬁ netri dishes
Limed with damp £ilter paper, at_%“ﬂ nntilkxaquirﬁd.
Aqueous séiaﬁiea )

{20 GAg €2 = 1073M) and {3} 6A, (107 ) Were

supplied to seedlings as aguepous solutions, taken up in
pglass. picrvopipettas similor To thoese used previously by
Shaw and Wilkins (1974}, and Shaw gt al. (1873).  The
mlcropipettos weve made on a Narvishege P.E.2 VQétical, glass
glogtrode pulley (Qlatﬁ 6) made by ithe Navishege Scientific
Instrument Labovatory, 1754-0, Rd”ﬁuﬂ?ﬂMﬁ”LhO, Setagaya~Ku,
T@kya, Japan, an& supplied by Ba stern Seieneific Ltde, - |
Horwich, Jazfﬁlk, d.x.; High tolerance glass ”JGCL&GGL

»

ﬂubes (6" in lengih, 1 - 1.25 wm bore) supplied by Jencons

Y

(8 i entific) Lid., Mark Road, Hemel Hewpstead, Herts., U.K.
'wwfﬁ used to make the uicmg ipettes,. The fine Tip of the
mxcrﬁbi{ dtte was removed by dyiving it duto the ground edgé
Auﬁ,&.ﬁwﬁ'; 1ide. The ond dismeter of the @iﬁatte was

uaaaﬂ1¢n with a calilirated blmnculdr RICTOSCOPD .. ?iLi

r.a

practice, plpeﬁﬁes could be abhalaau with the rvequired end
dianeter of about 100 w and wedgo-shaped.,  The ﬁiyett@
cant&iniﬁg %hé radiosctive GA was placed on the surface of
the e@lﬁay%ile, root, hypocetyl ox epicotyl so thaﬁ.the sharp
ti§ juﬂi pan&tr@ﬁ@ﬂ ﬁh@ plant tissues for a few seconds
bafore be igg withdrawn (Flate ?3. Mo chiuﬂm in the volume

of solution in the pipette was detocted as a vesult of this




PLATE O:

NARISHIGE P.E. 2. VERTICAL GLASS
ELECTRODE PULLER
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PLATE 7

67

APPLICATION OF A GLASS MICROPIPETTE
CONTAINING RADIOACTIVE GIBBERELLIC
ACID TO THE INTACT COLEOPTILE APEX
OF A 6 D OLD ZEA MAYS SEEDLING
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_,pXQaQéu?*'ﬂnﬁ ihw" g".e thig py uvaae £ f¢£1vn1; 2 point
source. £ou Ei siopof the GA intn a-hxghiy Localised reglon
the plant orgona.

P Tigsve suphort

Both the séﬂments and the intact scedlings used for the

Lranspert experinents vequired mechanical support in ovder

to maintain the tissue in procise orviemtations with roespsct

-Bo gravity. This was achileved by usinﬁ PETSPER Supporiing

s

holders of various desipns. pré° mients which investigated
Cpelay transport in subapileal QQI@Q@tii@ASQQmQHtS utilised

L

o
rlu

holders as illustreted in Plate 8, -Two rum“ﬂn*uiar p1eggs
a ‘ . :
x in thickness wore assenbled such that 4

3
)

o
Ix

3

of porspex.

‘E"“"

5¢gmﬁut3 sould be supported vertically in Ffour holss. 7
'~&01dér was arvanged on a so lf“iﬂmﬁtiﬁg nﬂr»pe basea f*

ﬁiﬂAﬁhickﬂ@SE which had 4 slgvxt ﬁ@?a ssions for the location

wf e ﬁﬁr aoﬂar or yecelver agar blocks at the end of each
whgmeni. -

)

Latar&i ﬁraﬁﬁpgrt studies in anbﬂyxuvl hO?ﬂO“KiJO

ﬁymgnﬁs used porspex h@liarﬁ aﬁ“iilu trated in Plate 9.'
’ el

53

Two fczﬁauwular pi@c“ﬁ of persper, 5

w in thicknoss, ?ére

a55umutbd (e sunua aalempﬁilm_segm@ntﬁ in 8 way such that
Lhe a apical cuttﬁndaaﬁ the segment was mounted on a stainiess .
steel ﬁaznr biaﬂ% with the cutting edge af the bl&dé

¥

howi Qnﬂally &1 ﬁcrgmﬂ Thﬁ gx cal out surface of the w“ﬁﬁﬂhi

'"ga a duﬂth of 4 ppr *&aeiyuﬁmm.* The razor hlade was Fixed

1n the pﬁrapui nolnmr by ﬁ?u&l acr@wd, Bopoy o wocelver




PLATE 8:

PERSPEX HOLDER USED TO SUPPORT SUB-APICAL
ZEA COLEOPTILE SEGMENTS DURING LONGITUDINAL
TRANSPORT EXPERIMENTS
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PLATE 9:

PERSPEX HOLDER USED TO SUPPORT SUB-APICAL
ZEA COLEOPTILE SEGMENTS DURING LATERAL
TRANSPORT EXPERIMENTS
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blocks could be placed on either side of the razor blade
such that they wef& in contact with either half of the
apleal cut ond of -the segmont. Thevparspex holders could
b origntated so that segﬁﬂntﬁ were either in the vextical
oy hovizontal posicion With respect to graviiy. Ug to §
coleoptile segments could by mounted on each vazor blade
assecubly. _' ;

The Qgrs&@x holder &limstraﬁed in Plate 10 was used
Lo support intact coleoptile apices in the vertical position
nwith vespecth ﬁ@.@ravity:A Emall holes (less %h&n-l'mm
diamater) were drilled in a vectangniar plece of paryspexr o
{75 ¢ x 2.9 om) and 1ength$ of very fine glass tubing
{ﬁppraximat@1y>l cit in length, 0.5 wm bore) was inserted
dnto the holes so that about 0.75 on of the tubing pro-
wruded frqm'tﬁa‘uﬁymr surface of the @arspéx‘k&i&ar. The
giaaﬁﬁ of gla$$’ﬁu&ing Wore gl@@ﬁ~inté ﬁdsitimnm Tntact
célenytii& a@icéﬁycﬂuldiiheroﬁarelba éugyértwﬁ Ve#tidally-
on the plecos inglaﬁs tubing. ‘Plaiﬁ ggaf r@éaivwr blocks
could be a@yliad to the basal cut suvface of the apices by
iné@vting bl&akgﬁaatﬁ‘ﬁh@ tubiug.  Up.to 20 &dicéa could
'he'sgp§ortcéf§n”anw*yérﬁpex holdéfL During the expmrimeﬁts
cariied out under an anaerobic atmosphere, the glass tubes
proved invaluable in‘allewing air‘pfesent in the hollow
éaﬁtral_cy&iudﬁr af ﬁhw'apiﬁes to be evacuated and released

to an avmosphere of OFM,




PLATE 10:

PERSPEX HOLDER USED TO SUPPORT INTACT
ZEA COLEOPTILE APICES DURING LONGITUDINAL
TRANSPORT EXPERIMENTS
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"Mariln (lﬁﬁ?)e ‘ Calaoptiio ¢ogmwnt¢ wur@ mauntud i pcr Uﬁ

seque naﬁ Q€ ev{

ﬁuraav Lhm »uuwse off &21 Lrunape t‘éxp$riments

unn&*%ion@ mw h numtdxuy vvrr Mdiﬁndlncd to prevent
dehydration nf thﬂ i ssua. E&o pETs spex sugpnrting holdevrs

wore %iwaou in pﬂl?hh@ﬁ& Dﬁhﬁﬂ utah flniﬁd 1ids, wnich'had'
b@eﬁ !1n ' Wlsh malgy papergtowafﬁ;“

Ck
B

B Anaornb&v atnos phora

Ananacg Qbiczatmwﬂphofﬁ Vas ﬂchlevzé usanr a simple

ke éi 1igne, &§U11LT he m%TiGu aeaur 1 by Wilkins qnd

hﬁlaﬁr“ lﬁ Lhm nor*a wav, w a “h@ ﬂﬂauzﬂagqf biec& ¢ﬂ

e

conbaut ulth one end and Lhu L@LQ’V‘P Jlﬂck at thu ﬁgpu'

wnd Qx taa ;$gmani. The @n&lxa a&sambly (hcldar; sugmnntg

pts

plus agar blocks) Was then placed in a hum; ied" vacuu e

fia iué&tbr.- Thﬁ~d@ iecator was _thwﬂ ﬁﬁfﬁu&txﬂ o &puxa\"‘>

rLMJLQ3y {U o OL'm rCury M%lﬂ a ﬁl”h ‘%cunm wumy (ﬁdwa?ds

'Hl@ﬂ'vacuua Lud., Wmnor QYH”, Qraw1wyg au smm, u 5,}; and. .

" 1]

subse 1uﬁnp1y leﬁ%b@d Lﬁ qu mtmasgh ro aL UEH. ‘aﬂiS‘

“

uu tion aﬂdAauh%aquvni Lluﬁnn with high

faurjty nttroﬁn was 1099 ited six Bimes within 15 minutes

and unhurﬂd tha& ma L mf the iy ﬁrz;p@d 1u Lhu Lissues of'

th§ coleoptile &Lfﬁﬂ}t% wdﬁfrémavéd. The gaswﬁlow’raﬁa

was then a&jusﬁﬂd'sucg*thgﬁfé slow rate of nitrvogon coatihueﬁ .

to mbaLﬂ hiOu‘Q th@ da zcubua for the duration of the |
o

transyart p&riodb‘ The gas séream WﬁﬁlhumiﬂAﬁlnd prior Lo ..

passing into the desiccators, by buhb.iﬂ hhsnuoh a

L ﬁraschal bmitte fili with dlstille ﬁ dan r nna oitu¢iud

hatwaan_tge zit* ogen 3&5 gyllnae and hu vdtdum agiccauor;,




1

As a a@nprela a sinilar system was sebt up using
Lumpgm %ed Rl? 1n5Leud,0£ QFH. -

¢
' .

afelis ﬂatq

et o

ij

During the tr*nsymxﬁ @iparisana, sdﬁé of ‘the GXPITi-
munzal manipul vtions could not br pcr&mraeu efficiently in’
total darknoss and cﬁnﬁaquanﬁly din greanlggfe lights weve
useds ?@a light sources were nsedi- a 2 fte 30 W At 1&5

Yidarm White! fluorasamut tube dud n Ph111¢;s 60 ¥ tungsten

v

b

1 Koc av m Solive lamp. ‘;Emth these lights

~

filament bulb in

%

ware filtered Lhrouv; A;iayars of Primﬂxy'ﬂr&en (Mo. 39)
and 2 1¢y¢.¢ af Deep Oyange (la.‘a) Llnuuaaﬂ acvﬁntn fleur

N 1

(Raﬁk Straﬁdﬁﬁlactric Conpany, London, U.h.). A vxsua}
examnination, using a‘hand Sp@utr'ﬁcape (Carl~zﬁiss, B1=36,
Eﬂl@?“ﬁt?@ﬂi. Londun, d.&») of Lha laqhﬁ aran;qu”ad by

these Fil *TOu llLbéa re vaa&eﬂ a bané of ?x&&uiliﬂht.

The ¢ rau%nsqs$ﬂﬁ puvtrﬂ (113&?@ 3) of ihu fsl <u5§&‘
in the c@n tyufujon of the bafg th weTe d&t&rnxned usxnw

a Unicam SF BOQO Uiﬁrmvaalat R&cﬂrding Spectrophotomater
(Pye Unican CLtde, C &mbxié fBig H.“.).
buriﬁ" in@ *xpcriméﬂtal manipulations, both the safe .

Iit%tp wars %iaJuuﬁu.qyprmximat@iy'30 cn from- the plant

A

m&&ﬁfl: ._@hm radiant flmx dansity at the plani level
was 04749 W w2 ﬁ#tue o Pyx nelbcﬁvac Radiometor Modol PR 200
(Holpciron Corporation, 177, Norih Wolfo Road, Sunnyvale,

¢

La*;imwnia DA08G, UebiAo)a
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Ge Brperimental 9r0c@dur@

LGuLlnuwua awp*xbaatna of {*“L} TAA and {3”(} Gl

‘x;Le wuhap¢u$} aaiamplllw ucrmaﬁa

’7F011* Lx&n DOTE

| ~!né§vlduhl 3uban1&ai coleﬁp 1w sogments, 10 mm in
Hl&ﬁgtn and aKa&séu i i hahxnd~tha BPER, wéré urientateé
vertically iﬁﬂyéréy:n hoi&er (Gh%crwhod qbave) o ah seTve
yoldr leﬂﬁﬁﬂYﬁ\L 0ugh ihc %wwmﬁnt.' waﬁmauta,Wﬁfe L
~~Qrieﬁtaﬁeﬁ $uah that: Lke murphc?n‘ ical apex was. always

jugnevmwﬁg., fTw uhsalve u&%lpa?ﬂl araﬁﬁﬂor ) don@r hlouka

"war@ wiaﬂ*;ﬁf“' ha u?ﬁ@rm% a Gut sur?ace n? encu Sbﬂﬂuni au&

TbﬂOvaY ul@m“w Wers piﬂcﬁd nw ihm lmwurma i cuaiaurxace,
 so that - rfadaer  Wos atwaya uawuwarﬁ ‘ﬁzbﬁ ““p&ﬂh £o

EYaviiy. Pex frapo%nl n@pur’ %ua, % %dmnaf blﬁcks

Vﬁ&b ﬁlﬂaed-anlﬁhn (@1@1 cut ﬁuriaus &ﬂd rqaeaver b?cc} un”
hu uﬂ a? hurfauc 0E aﬁe ;GHHQRL S0 Lhni Lran ;n Was
fupwﬂ wi h rﬁbpoct to ‘rav1ty; YQT {1QC} lﬁA &Kpcr:uunt;,

':4;? vmmmia xaxmcé 1 fwyisaat Ail 4 ngment shaved 3.

donoy hlac buﬁﬁxmd indi vxdual rovaivgr biucad. There

Cwery 3 re el iras»w (asah OE ¢ sm‘wonm 5) for each transpoxt -

&

'tlmm, far bot h auraavna} and bd%;peta} rpnspay At the‘f

'“né of eagu &r,nﬂyur°‘g@}iui,_ agh‘qeqmcnt de d;vzucd
“ 5nGr1¢onta11“‘in 202 fﬁf r&dlﬁﬂ%éuf .Mauh:auwmaﬂt pioce
‘aﬂﬁ rﬁﬁﬁiVQ?’biﬂL} RS fﬂdniiﬁ Aﬂﬁi%iﬁﬁdqjv.i During tha .
lﬂagﬁr f?ﬂnsmuxt @ﬁf‘ﬁu& iu& $ebvuvt BOET w.‘f Lau%gquénaly,

'tﬁe‘lu mm segmangs weve d*v*dua ﬁrum an dunﬁr block unﬁ

osuch ﬁkﬁtlthesﬁﬁgmenb visce xﬂr%hexmean from the denoy
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block (i.e. nsarest to the receiver block) was often
siighstiy 1mnger ﬁham the 5 »n segnmaent plece closest to the
donor hiock.

Subapical segnents for the {*"Cl €A, polavity

3
ne

£

experiments were orieustatoed in the same holders as for
{¥% ¢} 1AA éxaept that aachiiﬁ mm segment had individual
donor and recelver blocks. A% the end of each transport
ting, each 10 mm segment was cut horizontally into 5 x 2 mw
‘pleces, 5§artimg from the donor block eud of the sognent,
wlus 'x' which refers to the place of segment due Lo growth
dﬁrimg-ths‘tfamsﬁmrt period.  Because of the low specific
Vactivity¥mf the {‘“C}‘Eﬂg§ it was found mecessary to combine
squivalens pisces of tissue from 18 coleoptile seguents

in ovder to Q&ﬁaiﬁ‘wsrkable lovels of fa&iaactiviﬁy.
’ﬁaaeiver blac§3~wera also corbined in groups of 18 for
comating.  There wore 2 replicates (ice. each of 18
coleoepiiles) for cach transport timw, for both acropetal

and basipetal trapspori.

Qateral‘tr@uspaﬁﬁ

Lateral %ransgﬁrﬁ.ef {30} 1AA was studied in subapical
coleoptile degnents using the asymuatric donor block
cechnigue (CGoldswmith and Wilkins, 1964) . Colaagtile
segnents, 15 mm in length, vwere gxcised 1 mm behind the
apex and Qrianéatad in eitvher the vgrticé;ior norizontal
position with respect to grévity, Tho apical cut snd of

-

the ecoleopitile segment was divided horiszontally by a vazor

K




)

" blade (deseribod ahmv&) and

2mn X 2 mm X 2 Em) were

with e

pr

j\rh20$ blads in contact

the secgmenl. .Fﬂr examdnin

Cdateral yFQh%pG?L of

wore appliod the upper half

gar blocks {#ﬁproximaa
plzced on eli
ith
tiie
C{dhg) Iﬁﬁ,‘a

of
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ely

cher side of the

gr halfd of the cut ond of

possibility of downward

-?«-
LRS-

symmetric donor bia

the apleal cut sUr face

ol the coleop il& 15 mgnx and & pilain agay receiver block
~&pplimﬂ-€a'tho law@r half. Convors 1y"§or examdning the
cpossibllivy of gpw&rﬁ.&aaern; Y 1xbpur? of {g“C; IAN, -

.'umnmv blocks Were np%ii&d ﬁvy e

ﬁgiaﬁl Gt

{“'s

‘Qypixcu Lo the npp Y haif.

heurb, recaiver LlaaL. W

A
& f‘.)

) LAJ L win ﬁ "‘&33_(:2 %;a (:’;? guan were

dividod. txwuwverqﬂiy into 3 faﬁm.piggﬁs in order 1o
.ﬂmumvwlnm tha La eral ﬂis» Abax&an ol r&dimacﬁivity wiéhiu

the aa&&« fach pl lece of tissue and each receiver block

wﬁg assaye iﬂﬁiﬁi&maily.‘ 8 cole peile segments cnﬂstiiuteq,
-4 voplicate and theve gayu 2 wopl tes @,e. 16 fOlmOi ile <)\

tbe mrienv thions wi

&n anwﬁ

{1“‘} TAA in 10 mw ﬁagménts

\l

~l.gha APOX. WaS mdéu using a sind

above. 5 CQlﬁegtile‘Sngents

mﬂ& phere were 2 veoplicates

4

types of tissue, fu?'wamh of

racs an& a- pidﬁn reo

Afﬁur LfﬁhRMO?

2
l“,hi.-‘:.\ 4

,sii n ot Lenyara Lua L&Lﬁ“%LE

XCLs

L
e

Ly;czliy &0 thv Jowcz half

lvar hiock

riods of

xemavad for

are

sted lﬂng Lad&n 11} and then

.« ped

ith reﬁpﬁct £0;gr 1uy.

anﬁpuré of

¥

S

d wg and 11 mm be iin'

ar technique as d@ﬁﬂ?lb@ﬁ ,

L

i

3 Qriauxat

N
s -
oy

0113 WL
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yespect to gravity. At the end of the transport period
coleuptile sogments wore divided up imnto & Pieges; gg
described abové.  Segment pieces and receiver blocks were.

-

assayed lndiviﬁuﬂlly.

Aquenus a)ﬂliﬁﬁTLUﬂ af a pulse of {*C} GA3 to

-

ﬁOlQG ptile wplm&

Palaf trzagpar*

A‘@ulse of il”é}_ﬁﬂg, as an aquecus solution, wes

"ﬁﬁpli&& %o ?chc“ the apex or basﬂ of 10 mmfiniﬁtt coleopiile
mp as which WVLD ‘ﬁ??ﬁ?ﬁﬁé véyéically &sndésafibed : |

.p“cvl*uﬁly. Iﬂ‘drﬁer té investigate basi gaﬁai Transport,

-5

'-_ghg pulse was. valivd to the dp of the apicai SOPMER T
':;éﬁd # §1&in.agar+v ca{vor LTOQL was placed Gn Lhu basal cut

sﬁrfaca. TbvinVestmgaﬂ darapwaui Lranspo;?, apic aere;;

;1;»igjevted with {I“L} ﬁﬁaa 1w wp from the bdoui cut smrfﬁca
‘nf the cole opuzi ApOK. At the ond 0;_91 ch trans pﬁri'ﬁime,
aach’apl&gl s@gmgnt sas divided horizontally into 2; - a |
3 Em supnanu Qlﬂh@ n&ar‘ﬂi 0 the painﬁ of im}éctiga and
a 7w S0 ont plece x;zxﬁeﬁt'fram the point of injection.
10 intact aalﬁéptile aéiaﬂs vepresented 1 roplicate and
“there weve 4 rﬁﬁ1lfébﬂﬁ for each tranvpmru tine, in both

the acyo pu?ml and hg¢¢w¢ al dzr@czimo._

Agueous ﬂ@piLLaLzan of a pulse of [Y*C} GAy to

rOLs 01 znnaat se@élzi e

Polar trang aav+ .

e

io Anvmﬂtigat@“th@ longitudinal polay transport of

r

{3*C} GAy in voots of intact seedlings, a pulse of {¥*Cl GAy

was applied wd an aguoous solution to pre~deterunined points
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either 1 mwm ox 15 wm behind the root apex. In order to
investigate basipetal transport the pulse was applied to
a point 1 mm behind the root apex of seedlings which were
subsegquontly orisatated either vertically or hovizontally

with respect tm FYavity. At the end of each transport

o

timae, the reets were horizontally divided into 3 mm
sections from the Yoot apoX.:

Similaf@y, to investigate acropetal transport the
{%CY} GAs wos gpplied to a point 1% mm bohind the root apex
and the roots wore ordgntated in the varﬁwaal position @niy;v 

ividad

]
=

ﬁi the end of aach transport time, the raaﬁs wer
’ hgrizont&lzy.}nxn 3 mm pleces on sither side of the poiat
of application. Pox bLoth basipetal and acropetal traansport
equivalent pieces of tigsue £rom 12 roots were conmbined for
radioactive assay and there werc 4 veplicates (i.e. each of
12 roots) fovr each traﬂaﬁmrtﬂtiﬁ& with respect to sach
corientation. |

Aqusous apulicatinn,afa{‘ﬁﬂ} GAs and 1%H)} GAy ke

TOQLS aui coleoptiles of intact s dixngw

-

Roots and coleoptiles of intact ggg seedlings were used
'tn_iAVLaalﬁ 1te the lateval iraunsport of {1%C) GAg anﬂ
%) GAy.  The gibbereilic acid was appiled as described
«previou$iylto one. side of)ﬁh@ root OF colaoptile'atla paint
apﬁroximately_l mu behind the apex. During the hormone
application, seedlings were orientated vertically. They

were subsequently orvientated vevrtically ox horizontally wi
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the point of application on either the upper or lowver

side of the secodling. The coleoptiles were growing in
agay in Pyrex vials as described previously and these tubes
ware supperted in wooden vacks which weve subsequently
placed in the different orientations with vespect to
FTAVITY . The roots were suppoerted in elither the horizontal
or vertical position as described above. At the end of
éach transport pexiod, cach coleoptile or root was bhisected
longitudinally and then divided transversely into several
portions.  In order to obtain wmrkabl@.levels of radio-
activity from {**C} GA; 1t was necessary to LQM yine
aquivalent piene“ of tissue from 12 Sﬂﬁdliﬁgs. There were

3

ither 2 or 3 replicates, sach of 12 sesdlings, for each

’A

_.?r-

transport time, for gach of the 3 orientations with respect
to gravity.“"The specific activity Qf‘tﬁe'{aﬁ} GAy was
hipgher and consequently it was Found necassary to combine
équivaleuﬁ picdes of tissue from only @'calgeytilaé or
TOOLS .« There were 4 roplicates, egach of 4 colaoptiles ox

roots, for each of the 3 orientations with respect ito

aravity.
Agqueous application of {1} 8A; to hypocotyls and
spicotyls 0f intact Helianthus seodl 3n ‘G

To investigate in?@r“l Transy ort of 31 Ay in
Hsiianthu& é»&diingvz*a pulse of {%} CGA; was applied to
one side 9£ aither the hypocotyl oy epicétyl af intact

seedlings at pre-~detormined points below the nodes of the

cotyledons or the {first foliage leaves. After apylication,
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z

the Sﬁa&iingé w@?é Q% HLRL@L VOE?&&&le or horizontally
~witﬁ £§§ iéiht ﬂf Aﬁvlscatiﬁn on. 31h by thﬁvuppér ox,
'“1i§§§r*£id@’af the seodling, At the end Oi’daﬁh_mrﬂaspo
péfféé eﬁen<se@diiﬁg was bis éuuad Tongl ﬁudiﬁaily and then
"éivi&aﬂ LYansver ?y¢ f ?ﬁé;g were 8 @hulirgs for cach
 <$;$ 1E1LLém wiah res pwct s 31 ity anﬂ 3§n¢a tﬁé'sﬁaé;fiﬁ

e ra k.

,acuivatﬁ of the ~3h} GAy was hivha?;'ﬁzdiviéual pleces of

'3

ti arw ;aa Sﬂyﬁé.

Chronatoos ah au 1y§isﬂé§”radioéativiﬁy in the

ﬁl&nt‘ﬁ&38&§$<

It*ﬁmam@dfﬁﬂﬁe ’Lt ?& @hgﬂb,iﬁﬁ ‘hat ah& WOVORORE of"'

i

5.

“fa&iﬂaaﬁiﬁiﬁy,@iﬁhaﬁ‘ Iw pl&ﬁa i h~uw w&s & tyue repfasenﬁ

aﬁigﬁlaf 13 aovgma@f of the: &Tﬁwbh hormcne 1nd@z 3&?0 tm:ff“&

1g“t10n, ive. \& $ ﬁi@ radd t&&iivﬁﬁy Llii caaf&ucd to the h

&1hnﬂweiiln mﬁleeulﬁ,

g»éx évé-éid )
A {.”‘fi}' GAy

-V 3 pﬂlﬁh approximately 1 wn h@hind the apex of olthe

G mquemtly »pra*ﬁma?&lyx GG &1?hér‘

'fs@aﬁlinwﬁ wore &ﬁ}@ﬁiﬁd with eith&fffiﬁb} &As‘

Lo
=~

~ the y@nu ar cnlsapx:lﬁ,:asfémsurihaﬁ previcously.  The

‘saeﬁiingsige* 91x0wud o g auspori the, gibb@x@llis acid

foy a tr&aéycrt~v@riﬁﬂ.0f‘@itlﬂ"*& h {&Ag} or. 6 I {&Ag}

‘&ﬁ‘?ﬁwh gg wx?ha? ﬁhsluark (c%tvwntxia>) or whi
:tiumra%aci light (roggs) Pa thg end af»this timo, in
'thﬁ case of ?ﬁi“eﬁiljméw tnm &plaal 25w waf reémved from o
a&ehAs adling aﬁa the QOG &p;ces‘wgre combined for
A@rt“@étiﬁﬁjin 00 m ﬂh ruﬂ 1i sd- mxthanﬁi..‘ In the

case of poots, Lhw @nhxw ”oots wete excised from the




seodlings and cambiaeﬂ for ﬁxtxéatimu ﬁn Sﬂ'ﬁl of
r»é;*“ili@d Qethémole The oxty tian was ailcwoa to take
lplaca in the'dark at égﬁ and th@jmetha&wl.was Qhaugcd 5
tiﬁes &t'intﬁryais of 24 h. T-mﬂihﬂﬂnl$a Mtrﬁcév were
filﬁ&xéé thr&u&hiakﬁﬁchney'ﬁunael tf“E.QLRXGTPd olas

Ffilter before beianyg duned La an. ﬁrvenww phase (approx-
ima;aiyflf &1} uﬁue? yacuim on 8 ruLavv OVAPOTRLOY AT A0°¢
(ﬁéﬁt ?pmr w R, 3u;hi, &wiaAuriaﬂd}g, *hm aquﬁuns ragﬁdue'

was i&d‘ up ta a v@luww m£ SG ml 1¢ph”aist1$iev wat and

C adinsted to pil 9.5 e o ‘A'ﬁ: )
q“dAH”“fd to pit. 2.5 with 50 Fp ;,wmth HCL.  The acidifiod

fraction was partjﬁionéé"érpines wwtb equal volumes of
rodistilicd othyl acﬂtat@?and the res ult‘ug acidie Gihyi

" acetate fraction was stoved uvarn?gna at ~159C to frecz

-

Cout By rema :s:xsim water in L&w (i\i tlows The. res u‘!«t.mv
ieciwas filtered off and washed 5 ¢imes with chilled ethyl
acetate in order te f&ﬁﬁvn &ny remaining redioactivity

'f;ﬁﬁ‘ﬁﬁé ice. Tha c hyj “ccistv lrﬁﬂtWGﬁ was evaporated
;tﬁ a éﬁzil vnlume {&paxmm naLuiy @.a mx} amd surip loaded
fénﬁs,altnma o 5 e wide sarxp of Watnan. umw uhvnaaaongﬂhy
pdpul o h ® 20 um plas Li‘ h@@ﬁs pih&%ﬁ&@d with G. 25 mm
h';iaa Ebl wamﬂuui gypomm (Pm yvgvem 811G, M%ancwoymhaﬂeL
and 0., hlﬂ, bilx en, West Cermany).  Bxtracts and maiker
‘éﬁﬂts of stock selmﬁiﬁn'aﬁ‘{i“ﬁ} GAg an&‘{“ﬂ} 1Y wera

steip loaded undef # strean ﬂk cold air onto a line 3 cn

-

o

£ Lh& base: of a sheet Qr'? cn from the Lase of the zapc

.
.....
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Paéér ch?@mategrams w@remaavalﬁgéd for 30 ém h@yeué‘
the origin in the machine direction, with a d@sce&ding
solvent, in da rkness at room Lempex&turﬁ. The solvent
used was éith@r p?Q§anQ1f2~Q1 : anmonia (4 = 0.88) :
‘distill ther {:_iQ : 1 :'1 (basic solvent) or di~isow

prﬁgyl thcv H anenla“aciﬁ HES L S.Chciaim éﬁivént)§
) lhiﬂ OY@T plates weve devloped for 10 cm beyond the
origin with éﬁ asceudiﬂg solvent, in darkness. at roon
tomperature.. The solvent gsg& was either prﬁpancl~2~@i»=
éﬁﬁﬁni& ;gfﬁ ﬁLS&) : distilled water 12 10 3 ;f: 1 (basic
ﬁslﬁémtj, di%iééuprpgyx,@ther 3 acetic aaid':ﬁ 95 ¢+ 5 ov
wmotliyl at&yl Ketone i acetic acid i3 0% : 5 (scidic solvent).
: Al! rolvenﬁ “used were of the 'Aﬁﬁi@? guality.

Ass zy pr@cedurs

'*Ul;raVAOXOL 5ganﬁin

l'Aff er dGVﬂloﬂant and ﬂir drylﬁpg bﬁth ahin lnynr'and
N@apug LhTOH“%Gg?“H ware yrayad with »ithar d;chlero«'
fiUQ?ﬁagﬁlﬂ (1 g1 “‘) BaDe h. Lhnn1&a3“ Lué., Pao;a, bcrse
in rwﬂt&&;llnd meghanui or., 5u1§hurlﬂ ﬂc:é, {Laykan anﬂ-f?
3W¢11¢3m;, LhdtWLtl ﬁcath, Raﬂlczﬂ - Hasex) .(".é,g/mm H:f
A@@.s tilled athanq;::= 4 xfl. ' oubsaqmamtly chramatuw%éﬁéh
ware viewed under both 254 ne'and 350 nm waveleagih ultra-

vielet light from & Universal U.V. Lamp Type TL~BO0 (Canag,

w

Muttonz, Switszevland) and the positions of fluorescent
areas noted.

.

Seintillation éaunﬁing

ﬁhvamaﬁcvram% WETe djvzded Jntu 30 gqual, s1ZQu ZOnes

ey

buﬁkﬁ&ﬁ ?he nrzgmn and the ulvent groui. Bach RE zone was
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placed in o scintillation vial and assayed for radio=
activity as described in the next section.

He Radicactive Assay

Radiosctivity in the plant tissue, agar blocks and
chivopatogran sections wes assayed by one of the Pollowing
two mathadszm

Liouid Sciu‘ latdion GCounting

Samples of plang tisfua segments and agar blocks
from transport experiments or chromatoprvaph sections from
Cmetabolism experingnts were placed in seintillation vials
auad left o oxtract in 2. ma of éitﬁﬁr vedistilled ethanol
_ai nethanel for e least 24 h in davkacss at 49C.  The
.afngnnl or dLmh&ﬁu} was subwynusnbly removed by “Vﬂhﬂf&tlﬂﬂ

under. reduced préssuve at rvoom temperature and £1lled with

10 ma of toluene (Asschem Lide, Falkirk, Stirlingshire, U.X.,

May and Baker Lid., Dagenhan,fssex, or fisons Scientific
Apparatus, Loughboveugh, Lelcs., U.K.) containing 4 g 17}

2y 5=diphenyloxazole, PPO, (Flsong Scisntific Appavatus).

Vials were stoved at 49C¢ in darkness for O = 3 4 before

The 3m91@3 were assayed in one of the following

SYSEEMS v
1) A Tri=-Card Liguid Scintillation Spectromster (Hodel

H3580) with an absolute activity analyser (Model 544)
WA avnurﬁu b; the Packard Instrument Co. Inc.,

Illinoids » [t :ﬁgf\y
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2) A Packard Tri-Carb Liquid Scintillation Specirometer

(Model 3380) withouit the automatic activity analyser.
3 A Corumatic 200 (Tracerlab G.B. Lid., Weybridps,

Surrey, U.k} Liquid Scintillation Specirometer.

Bach sumple was counted once €ov either 10 min or
10,000 counts, Background radicactivity was determined
by assaying clear vials cauﬁmining only 10 ni of scintile
lavion filuid and the background values obtalned were
subtracied antmmati¢a11? by the spectrometers. The Packard
with the automatic acﬁiviﬁyﬁaﬁalysar uses an external
standard as a reference to calculate guenching. The
avtomatic activity anal?ﬁér corrects for both the quenching
~ané'hackgr0und and cxpresses vadioactivity as disintegrations
per minute (dpm). Both the Packard without the sutomatic
activity analyﬂér,and the Corumatic tracerlab calculate
gquenching but only corrvect for background radioactivity,
@Xpreééing radicactivity as counis poer minute (cpm).

CAlL radioactive data is presented as disintegrations
per minuta. |

ALl the spectrometers were calibrated for efficiency
aﬁfﬂiffmrmnt qamﬁﬁ§ 1éva13 by cotmting samples quenched
wiih varying ammuﬁtslof chloroform and chlovophyll which
contained known quantities of {1»3“C} n~hexadecane (specific
activity 1.1 uCi g™ ') or {I,Z(ﬁjsﬁ} n~hexadecans (specific
aceivity 2.0 uCi ¢ *). The calibration curves ave shown

in Plgure 2.
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The 3ﬂintz11atian vials were 20 ml low potassium -

Euis

glass disposable vials with double scyow caps manufactured
bylﬁwhnsen aﬁd Je%gen 31CHH %nd,ab?n;; trﬂm R B Je Hﬁbd, ‘
10 Hunter” 5irno“, ?&isley,_ﬁamfx&mﬁi ;e, UeKa -Batw&én
“vwﬁarim@ﬁﬁf'“ﬁ@y WoTe, 3aﬁkﬁd‘fafhlﬂ i iﬁfranmiﬁg ﬁdt.
:i;p water hbiﬁ?@ h@vnv ngl 2l twla in waé?r'with 'Pvronag!
detargont (bzvar&cy La‘., BATRET, ﬂerts.}TUVK'} for at leﬂét
2 h boch time. nugequenaiy thay were. vins sad J iidwb warn
cold wa%ar, ;9§ﬁ soaking overnig Hi in volﬁ t&u sv and: then

,.finaeé iﬁéﬁvi&uaily 3'tim@s wiﬁh*distglieu waﬁar.f} Plastic

gaﬁa Wore. Ep*"'sﬁaking ovornight, zv Pyroneg’ and wary
water, rins&éiwi B cold 3 '¢x1¢nu rmnuu& Finally with

' ii:; Emi \m;m .

i m urﬂ alb i}f‘ TN g,»r' ma'ﬁm

v

hadlmﬂvtlvxty nre nt o int&ct sthmatﬁgrams was

<anaiysed using a auaﬂ 11610~cﬁ"umntugr1m Seoanne (Paudr
qmtyman“ Lida, R@ﬁaill, ﬁmrfay;-ﬁ.xg). A flow of arqan 2
dehu t 49 ¢ 1 (ﬁ?ib ish Gvywén Co. .Ld., London, U.XK.}

e

WS 'E:ms: carriey ,“j{‘ and pammt tixrcatsgzx L“ de tf‘(‘LlCﬁi

T chanber :aL z»;zd'p‘reasszst:ti‘a af § 1b k7R, ‘l‘he chronatogram

Aﬁ&ﬁﬁﬁ& *hvﬁu&h at a spoed of 60 cm h“‘gfuvThe apertury was:

’ séﬁ at 2 ma widihe  No tam@@nsétivn was nade for
'Qunnrhlnw Qr bRCLW*QNHL and o tﬁaée"of the percentage radiow
j;agnglay AL pre&asuu on o 'nb?VGSLTib@' Aﬁﬁll.zo £1at~hed e

4',‘

¢hart vecorder,




wera venewsd monthly.
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e GIBEL&&L&IN lSQLiTIOh EXP%RTNE&E
A Qhem*a L ‘
Gy was 5&@@11@& by DDH Chemicals Lid., and contained

not less than 508 of GAss  The c. 10% impurity consisted . .

mainly of 6Ay and GAy.

dﬂdi%@ dihydrag@n ortuaphovnhabo ( LNa’Gg.ZHnO) and

cie odauu Eydrawon urth@phﬂsynqgt (v a9HP0g) lu'Suppll@d;

;&% 'Aual*r' reaﬂeutq by Bﬁﬂ Lida

R ihv chemlaais wara stored at 49€ in dar 1Bu5¢

Da PY Gnéfdplﬁﬁ

iypgual7y l mw of. b\g was LAfsatvcﬁ in 1 4rap Gf

'.lgqu1d amnonlu »a ¢urm Lhﬁ soluble dﬂ]ﬂu!um gznbwr 1in

M

%nix. &h amnun:a W&S mVﬂQGT&LUd nnde* a a@?ﬂﬂﬂ of Gih

”uné Eﬁﬁ dv*wd TR i&ha was dis 591Vaﬂ in d&di131pd wator Lo
sive a saoak solntion of 1u u /mi.: ‘A series of warking

‘golutions were prepaved ﬁy”ﬁexmaluﬂilutienraf the stock

solution.
All solutions weve stoved at 4°C in darvkness and
L"Malar'seiuﬁ;anﬁ'&" boLh ﬂﬁHqP@h 23100 and &QQHPOQ VbTG
@féy&w@& by diﬁsmiviﬁg the nelecular welght 0£ ach ¢0mp0unﬁ o

in_l litve of éa tilled WALﬁf.ﬂ- iq?av mzaHPQg,sciutzﬂn

WS added to the molay ﬁaHgPﬁg.EHKO soluwtion until the

mixed aﬂlﬁﬂl@ﬂ wGJ pi 8.0, - Thia reﬁultinWZstcak solution

of Go5 M pH 3. Q nhm*ﬁhace haifmv wad piaxod at yoon

tanpe 1‘& LRT(;‘ .
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. Isolation of endogenous sibbersllins from Zea

eoleoptiles

Collection in Agnx

Attempis were made to collect endogenous gibberellins

”

from Zen colecptile apless in agar sccovding to the mothod

of Raillton and Phillips (1973). - Ion agar No. 2 was

&isgﬁlvad in boiling distilled water to givaia‘iﬁ gt
'Sﬁl@tiﬂﬂiﬁf agar which wasg pﬁg?@d into Q cm éiametar‘4
dié@gsaﬁiﬁ ?lésfiﬁ;pﬁtfi;&isheﬁ‘(SQQTiiiﬁ‘ﬂtﬁA,:T@ﬂ&iﬁgtﬂﬁs,
MiddTesex, U.KD o a depth of 6 mms  The apicdl 4 m of
 &51@6§ﬁi1g$ ware exéisagﬂéna plaqéd such that théycﬁf.énd l‘:t
oﬁ thﬁ“aﬁax waﬂ’iust imsaxﬁ@d,iﬂtozthg agaé.. -@hguﬁgiriéi
ﬁ.aish_@lmé_agérfaﬁd galeaﬁéile:aéicas ﬁ%sjﬁrieﬂtﬂteﬁ‘iﬂ
either ﬁhﬁiiéﬁiifﬁx ar h&ri%angul'paSiﬁioﬁfWiﬁh;?¢§§egﬁ é§;}a:
gr&Q&tf anﬁsylaﬁséﬁén;éj&§35¢d ﬁgiyﬁﬁaﬁa séﬁdwichibax |
lined with méiﬁt aBS@rpgﬁt paﬁﬁr;aéwelpgnd maintained in
&axﬁheﬁalat 2590 o Rd?h, ; At the ond of the diffusion
paxi@é, theiéaleéﬁtiiﬂ apicaSAﬁeve removed and the petri
dishes ﬁluswégar Wﬁzgifrcmen'&trélﬂﬂc foxr 24 h.  The

agar plates Wers subsequently ﬁhawad at roon TLemperature
and the aqneousﬁﬁ%aﬂﬁ‘ef the ggaw,.toge{h@r with diséolvaé
‘éubﬁtan‘ﬁzAwas decanted.  The rasiduai_agaﬂ‘was pxtracted
4 times at TOOWM fomperature wiih sufficient redistilled

mathanol to chvar the a

gave. BHach extractlon was approxie
wately 12 he  The combine agueous and wmethanolic extracts

Cwers filtered through a sinterad glass Buchner funnel, o
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remove -any traces of agay and thew reduced te an aqueous

phase by wotary evaporation-at 359C, The residuo

Lud
aad
&

(approxinately 10 m1) was madefﬁp o S0 mu with, distil
watar _au?u&t el £0 P “.0 mith;%O I 1”‘ gaﬁuﬁg'and
p&?iiulanaé 3 cm&ca viLh equel valummgwof redistilled
ethyl accnate.f fh@ pobied ba@;c hlus nhuxral ethjl
:{”qg@tn Lo xrn;ixan" wgro retitnad for Lhiﬂ layav Qh?@ﬂdbﬂ“‘:.'
.urwply dnd bl@ﬂsamf. he aquaous fraca;on was ad;usted.
to pH &yS with 50 f 1"’ HCl and gartiﬁiqnéd 3g%ime$'wiﬁh~ﬁf”

egual vel&masxof rsdxstzliea'aﬁhyl acetéte to give an-

acxdia athvl acebn @luhlﬂ i:gétiun. ﬂa#h.@ﬁny“ ar&ta“Qv‘
gactioﬁ waa fraz&n‘evarﬁigﬁﬁ at #iSOC‘tﬁ;ff@ﬂZﬁ out any’ ‘
emnain ing vaur, as 1a3c§ib d giavvunejf. "Bach fraciion
,.qu »VdpﬂraLGd to ﬂrvu@ds undor vnauum mL 5““" by 20 Larvy -
AGV&QG:QﬁlQﬁ. The drirﬁ re hlduc Was rgélnsalven in 0 15
oml redistilled eLhyl auetaiﬁ reaay f01 tnlu 1 xgr_
'i,rhrﬁmdfepragny t S o - |
1n;1aterxﬁria-5:ef this 1ﬂtﬁre,'th$ finai &ried"
fyegiau@s%}sw'”h@ et Lyl ﬁh@tdﬁ@ frnc LOﬁs were :diviﬁedv
iﬂio 2. for further purliicattoﬂ.v | ;
Oné halx'was redissolved in 2 ml 30 redistilled
acétoﬁa and the n added to the top of 2 12.5 X 2.5 ca

'.cha?coal : cellt ¢ motnmu (i P2 w/ ) 11 0“10} © CR32/20

-

preparation caiumn'w1th aﬁ,lnt&gra1>3ln;ered zlass £ilter

QVeruld by a 1ﬁyer of glass baad surmounted by a layey

5

of glass wool with a top ;wyor of vlas& beads. 1.5 ¥ of
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"Dareo" Activhted Charconl (Aglﬁé Chemic;? Iﬁﬂ&atrlﬂ Inc.,
Chemical ﬂifisiﬁn, ﬁilmﬁngﬁ@ﬁ, Delawave 10899, U S.A )
and 3.0 g of R lite )59” (Hophin aﬂé ¥illiams Ltd. )
nxxﬁd tnga hey and then sésyaﬁﬁed in 100 ml ef ﬂﬂﬁ\
redistiiled aceﬁa&a,_pnure&ﬁinﬁo,&ha Qlumu and allowed
ta.,s tlo under. its oL wefgzt, ) }hﬁ gelumn was washed
thauna ti'h‘éﬂ kA Qﬁ 80% rediatii ad agvﬁonc bfforﬂ
alleﬁxng the éxtraaﬁ w0 be &hsarbad., T _columnwas

wluted sﬁ*cmssivél§ 3 timas with ﬁ nLs of 8&% rgdiﬂtiilgdv
aﬁet@ae; The bUCC%““iVL eluﬂtgb were canééﬁéa‘“ﬁd-

aparstad £0 dryness by‘r@ ary cyapquiiou bexurﬁ uelu”““

H

adi m]w@@ in .15 wi of redistillod chhyl ac tae vyigr
Lo thi ayer chramaamg"ap%y. The ?”%ﬂ]nﬂlg he 218 0{ the

ﬁx'@rﬂct Was 'Cé‘l?f‘l(?lﬁ a p@?.},"al)hﬁ{l (}ﬁ ¢; ‘{ i tn 'gﬁ,}r(}lﬂ shoa—; a8

normal. ha thin layer shest was alr"ur;gd and thHen
divida& ap anQ iD Rf valnﬁ Gach RE yalue was scraped

ffcm na‘yias i shvec ann run 3nd¢vzau 21ly through‘a
S10 x 1 en pre yarutlun colunn hllh an %n%ewrgg‘siﬁﬁgrﬁd
glass flitﬁr”wverlaxa by a layer of plasgs béa&s; auiayarﬁ_
.Of glﬁssfwﬂal and surmounted Eyfa fiaai upner 1&Yar~o£f,:
wia ae&us.y.}Th@ ¢ﬂlﬁmn was;éiewa$had»iuitially.wiﬁh
-cagxg; p$¢wau§;w$até33téf athvl acetate. aﬁﬁbsaquenﬁlﬁ
~méch-Rf valué‘ ﬁ;sﬁgivéd.in 125 my of -“tcr»saiuranea
¢~whyl maw at ,7wés Qédﬂ&‘ﬁa ﬂ%é tmﬂ af the calumu.
sagh‘ﬁxﬁraet wéﬁ waﬁhea uhraugh with another 50 ml‘of

fw&tGT*SEtU?at@d'ﬁﬁhyl acetateﬁ*“ %ucce*“ive cluates wuru

fa
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combined fov each extract and evaporated to dryness by
rotary evaporation, The dried residues were redissolved
in 0.1 mi of vedistillod ethyl acetate. This was-
designated the orviginal concerntracion and sovial dilutions
were prepared to give diluted fractions of < and By of

o S ‘ A 10 5
the original conceantration. | Bach diluted fraction was
gvaporatad. to dryngss and redissolved in 2 mi of distilled
water prior Lo bioassay.

fxtraction and Pargitioning

The extraétivn procedure was adapied from A. Cyrozier
(personal cmmmuﬁiéation).

Coleoptiles were excisad ffom:é‘& old dark grown Les
segdlings and thé Friﬁary:l@af was r&movadwfrom the amlaa§~
tilo. The deleaved coleoptiles were extracted 4 times in
redistilled nethanol in darkness at 49C, Iiach emtr&ctién
a5 Loy 12 ha The combined nethanolic extracts were
gvaporatod un&ar vacuuwn at 359¢C o a rotery svaporator
wntil no nore methanol distilled vaxg‘ The aqueous
residue. (approximately 25 w1l was wmade up to a volume of
50 mlrwith.ﬂ.ﬁ MopH 8.0 phﬁspﬁaﬁ@ buffer adjusted to
pH 9.0 with 50 g 17! NatC0y and pax%iﬁiaﬂaﬁ 5 times with
half volumes of r@distilled diethyl ether until there was
 no mare colouy appearing in the Qrgﬂgic phase. The ether
phase was &ismurdmd and the aqn@dus phase was acidified -
Lo pﬁ 2.5 with 50 g ;é‘ HCL an& pmrﬁitioned 3 tiwmes with

equal volumes of vedistilled othyl acetate. The rosulting
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acidic ethyl aéétate soluble fraction was stored overnight
at =15%C to remove vesidual water from the fraction, as
described pr@viwugiy. The acidic fraction was ovaporated
€o &ryne53,undér vocuwt at 359C and the residue redizsolved
in 2 - % ml éﬁ 0.5 M pi 8.0 phosphate buffer in prepavation
for loading onto #he top of & 12.5 em x 2.5 om pelyvinyl
pyrrolidone (PVP) column (PPolyclay AT' obtained from BDH
Chemicals Ltd,) contained in a Quickfit . preperation column.
20 g of PVP were wmixed with 100 m1 of 0.5 M pil 8.0 phosphate
buififer, poured into Lhe column and allowed to settle under
its own weight. The column was washed through with 20 ma
of phosphate buffer before allowing the extract to be
abséf&ed onto théltop of the column. The column Qas
oluted successively 5 times with 20 m1l of pﬁnﬁphate buffer.
Succesgivae éluatas were combined, adjusted to pH 2.5 with
80 w 27 BOL and partivioned 3 times with oqual voluwes

of rvedistilled ethyl acetate.  The acidic ethyl acetate
soluble fraction was stoved overnight at ~15°C to frocze
out any rémaiuing water, 4s described previously. The
athyl acetate fraction was evaporated to dryﬁaés undeyr
vacuwn at 359C by rotary evaporation. The residue was
caken up in 0,15 w1 of rvedistilled othyl acetate ready forv
thin layer chromatography.

Thin layer chromavogyvaphy

Axtracets and mavker spots of GA; were loaded under a
strean of cold air onto 2 line 3 em from the base of § x 20

e plastic sheois. The chromatograns were developed in




: V-:Zi’lbﬂ.‘.ﬁ}.‘m}.}.ﬁ cslv:mt to & di%iﬁnca m;‘ 10 r.:m xrom t:im m'.cgpm.

r,fwagar.f’ 1 . 1

-+ Blogss

| ééﬂ3‘~“

mnﬁ ancl W&I‘tii&;’};,

‘..:_K‘Lmtm.,@ H,r"?m:r:ﬂ:‘y’l is.mm‘.:;ﬁ}f“ | (i‘l’

uf were pl acﬁm :

hneci w;a.%;h a 4 i cm

s '\;:LH 5 s:,,m d.; am»:;z'c,r 133 agtz.t, Qﬁ'ﬁil dlbhﬁ
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%$-a~snt'0£ petri‘dishés and. an @qﬁivaleﬂﬁ quanfity of
silica pel was scf&pad into_ﬁﬁeﬁlfrom a bhlank davelcpeé
chrnmategraﬁ. ALl petrd dishes wore placed vader white
’lIQOxG cevi llght at 25°C, ﬁftar 72 Iy the Jenggh a;
thé hypncotyls were wea ureu iu the nearest 0.5 nm,.

Uwarf Rice Bloassay (Nurakaml, 1968)

- 3y | ,
Seeds of Oryzu@ gativa variety ‘Tan~-Ginbozu' were

z;ma»ed in daianxded wuﬁar ier 56 b 1n the dark at

‘qzﬂb‘ ‘ The dalcn;%b& water was Lhangud every 13 h £
-3min1misermlc;oblal cgﬂtmmlaatleu. After 56 h, se edl;nnﬁ
war@'selectéﬁfWith coleéptiles that were between 1 and 2 mn
-1mng,ané transferred to glas& vials (50 mwm x 28 mm) which
jha& been filled pre v:gu ly with a eiuuion of tpurified?

. agar in water at a ﬁéﬁcantrétibh of glg 17, %cadimﬂg
IWQre planted such .that the grain was half immexgad in the
agar, The giéss,vials woere placed subgeau@ntly‘und@r
_iluoxﬁﬁcent llﬁﬂi, auppllcd by A Phillips L& W/3 35 4J 26 om
tubes in an incubator at QMQL;‘ The vials webe contained
'inf&‘perspex chamber which had been limed with paper towels .
to maintain a humid atmosphere. . Water was added to the
sﬁrﬁace Qf'tﬁg agar such tha grains were inmersed in Smm
'ﬁﬁpthAaf water. u | N

Taeé solutions were pfagared by eluting the silica gel
'irﬁm each RE Qne in redl tilled methanol i 12.5 cm glass
goﬂtrlaug@ Lﬁbﬁ ’ c»n;r;fuwxng the. Slllhd 061 3 times and
E‘decanuxu iﬁu BUPOTIE ﬁant gach time. The combined super-

natant wasg reduced to dryness by rotary evaporation at 35°C.
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Hrie& i@éiduéﬂ wenre Lakmu ur Ln AO ul ai bO% iediéﬁéli§d~
Ae;hanal BT ady far apw]lcaixon to the plnnt _ ‘; |
4& h diter be1ng ﬁrans“errad to the 11ght5. .0 ul ui
Vﬁﬁtosﬁ %alutxan WiS, ayplled, uszn” a 10 ulvTerumu,Uﬂ m~10
th1urO~syr1nga ta Lh& anple &ﬁrmad betwgﬁn thc coleopt1164
1f“ané uhe u@COﬂd leaf Sﬂemth; , Vma] vf&re'returned RAY tho
1711ghh at 52°L. 1hree ddY& aft applylng tha test salntidﬁ'

‘vthu Seganﬁ leaf. sheath xab ex d and the 1ength measurad.v

D. 1;olnt10n of eadoveneus ﬁthurallind frum

H&liauthus seedl;nys;ﬂ”

Colloctlun 1n Aqar

-ﬁ*tempxa weru made Ln cmll&ct andogenoua viﬁhégelliﬁs

"ff’ffém %ellanthus apical bu&s uﬁlnw ) t Chﬂlquezddaptad-ffbm ‘
h;_ﬁhgt'dasnrlbuﬁ by is R J. philllp% (19?93_‘i Shoot tiﬁs»woréfag
ngﬁﬁai'e¥ in. the’ clengatinb {3st 1nt@yngag (eplcatyl), 10 mm f .
‘}bulaw hc ap&cal bud, Ermm 14 »-13 d alﬁ ﬁidﬁta. 5ub- -

'1‘.' N ‘»

_@gqneutly LhLS& WLlL be re:arrcd fa &s 'ay&cﬁl bu EZH“

acrlhhd grev3evbiy) nq'
’en uxeﬂhzgh humldlty.

1AAEL@r a aﬁ h ﬁlfJHSEﬁHUﬁIMB‘ tha 4pzbal buds wcre“'

n‘t

ihe %gar platn wvrmrﬁiorcﬁ Over~
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provﬁou,ly. The &éueouslphévé was deﬁantoé dnd the'
resmaual aﬁar @3 1ra¢¢ed 4. tlmgu with suifxcxanm TR
d" 11cd maéhancl La cuvar tho aﬁar“" 1ch extractian
; was far 12 h.--“Thc combxneﬁ aquanus and: methanolic
@Aaract& were reducﬁﬂ undmr vauuuu at. “‘0C unL1L ne - nere
’[meihanol dlstxile& uver.:* The r“Q1dual aqueou phas L
(dgpé;;lMQELlY 20 - 38 ml) waﬂ adgust od . Lo yﬁ wlth 50 uﬂif‘";
- HCL and pdr%;ilﬂﬁhd 3 uxm& Jl@u uqual vaium of rou |
.id1sgilﬁﬁ@ eihyl aeet aﬁe. The aaadlc et hyi acetate 9hag5 .
'wms sycr@d overnight at ¥1FQG bo removo any rauiﬂual UJLG?"
‘ég 605(115Ld pruvxcu siy. The. QLIdiL L?hyl acetﬂic I 1Ctlﬂ§‘:
-ﬁﬁq 'qubbaqumﬂtly re&ugad £o &rynaqg under v&cuum at SQL _[
and Lh@ drzaﬁ Tb%idﬁﬁ dl salvw& iﬁ 0. 1a ml of red;stilié@
'fathyl &cwta‘& dnd trly 10&6 d anua a 5'¢n5wiée SErip off.
‘jWhaLnsn kit cbrﬂmata&raphy parer LhTQmuLQHTdW %@ré, ‘;'
R ;d Vblﬂﬁ@d foy' 50 e hayond thc of iu in Lhe machxn» B
_Ydlr@utxmn wzth‘a.&eﬁcandinw salvant in d&ykﬁess at room
pnperaiHTQ.' Tﬁe olvont use d UQJ pro punaimamul aﬁmuﬂig‘J

'_(G B 0.88) Lilléd thﬂf it 1Q s 11 L. vaoiopm&

“Chromatograns wer- &1r &r;ed 1n a fun vpba%ru AOT A 3 i
nd tﬁﬁn dlvfﬂsd Lramavnrvaly $ntd 10 eqn&i alzud trips
‘uhntuuen Lhe ﬁxtriu maa Lnb salvsnb £ron ‘ knch 3 cm 8% rig

:

[}

5wag cluuea ugfh 3 ml Gf dlstilied wabor and Ll@ﬂ sayad uzan ‘
 3£30 le &Luce hyﬁocoxyl Ll@ﬁwatian Lest aa dﬁaﬂriheé prevxau 1y .
11@ arecaﬁulbs used for tho eoilactwan in nvar ﬁyd : )
w"trLaanu expmrimmnmg ary summarised iu' he acgomyﬁﬁying,ﬁ

£loy ahueL 1,hz and 3,
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Flow Sheet 1: Collection in Agar of Endogenous Gibberellins

from Zea Mays Coleoptile Apices

4 mm Zea coleoptile apices placed on agar plates to diffuse for 24 h

Nark 25°C
Apices removed = Agar frozen -15°C
Agar thawed, room temperature
Aqueous decanted Residual agar extracted

in methanol x 4

Aqueous and methanolic extract combined, filtered
and reduced 35°C

Residual aqueous made up to 50 ml distilled water
pH 9.0,NaHCO,
Partitioned with ethyl acetate x 3

Basic + Neutral Aqueous phase
ethyl acetate soluble fraction
: pH 2.5 HCL
Freeze out water - 15°C
Partitioned with
l - ethyl acetate x 3

Reduce ethyl acetate 350C Acidic’ethyl Aqueous
acetate discarded
soluble fraction
| Freeze out'water -15°C
\\ Reduce ethyl acetate 35°C
/// ’
TLC

|

Lettuce Hypocotyl Bioassay
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Flow Sheet 2: Extraction of Endogenous Gibberellins from

Zea Mays Coleoptile Apices

Zea coleoptile apices, deleaved, extracted in methanol x 4 Dark 259C
Filtered
Methanolic extracts combined and reduced to aqueous 359¢C
Residual aqueous made up to 50 m1 0.5 M pH 8.0 phosphate buffer

Partitioned with diethyl ether x 5

Ether phase discarded Agueous phase
PH 2.5 HC1
Partitioned with ethyl acetate x 3

Aqueous phase discarded Acidic ethyl acetate
soluble fraction

Freeze out water -15°C
Reduce ethyl acetate 35°C

Dried residue redissolved in
0.5 M pH 8.0 phosphate buffer

Load onto PVP column

elute with
phosphate buffer

Combined eluates adjusted
to pH 2.5 HC1

Partitioned with+ ethyl acetate x 3
Freeze out water -15°C
Reduce ethyl acetate 35°C

|

TLC

Lettuce Hypocotyl or
Dwarf Rice Bioassay
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Flow Sheet 3: Collection in Agar of Endogenous Gibberellins

" from Helianthus Seedlings

'Apical buds' from Helianthus seedlings placed on

agar plates to diffuse for 24 h Light 25°C
Apical buds removed. Agar frozen -15°¢

Agar thawed room temperature

/ \

Aqueous decanted Residual agar extracted
- in methanol x 4

\ /

Aqueous and methanolic extract combined, filtered.
and reduced 35°C

|

Residual aqueous pH 2.5 HC1

$

Partitioned with ethyl acetate x 3

l

Acidic ethyl acetate soluble fraction.

'

Freeze out water -15°C

l

Reduce ethyl acetate 35°C

/

Paper chromatography

'

Lettuce Hypocotyl or
Dwarf Rice Bioassay
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4. BIOMETRY
An Olivetti programma 101 desk top computer was
used to calculate the standard errorof the mean value

for a series of observations, from the formula:

T x% - (I x)?2

Standard error = : n
n (n - 1)
where x = value of ea;h individual observation

n = number of observations

’

The student's 't' test was used to determine whether the
mean value of two samples taken from the same population

were significantly different using the formula:-

™

"

™
g

m) =n1 m2 =nz
2 2 2 2 2 2
Sy = n; I x° = (X x) S, = nz & y® - (£ ¥y)
ny (n3 - 1) ng (n2 - 1)
2 2
0 =/(ny - 1) S8; + (np - 1) S,
ny + n2 - 2
m; — my
t =
g/t *t 1
ni na
where m; = mean of the first sample
m, _ = mean of the second sample
2
s; = variance of the first sample
2
S, = variance of the second sample
ny = number of observations in the first sample
n = number of observations in the second sample

o = standard deviation
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The level of significance for each 't' value was obtained
_from the values quoted by Pisher and Yates in Statistlcal

. Tables (6th edition, Olivér end Boyd, Edinburgh, 1963).
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RESULTS

As HORMONE TRAHSPORT STUDIES

L. The Lonpeitudinal Movement of Radinactivity from

{3%G1 LAA throunh Coleoptile Semments of Zea Mavsa:

- -

Tha acropetal whd hasipetal MQVQm@ﬂt of radiocactivity

from {**C} ¥ thz nugh;iﬁ mm subapleal segments of Zea

aalampﬁi&aa into recdiver blocks was iavestigated as a

function of ffl&. Cdegnents were supplied at eithey thelr

apical gr'ha&ﬁi ends with. dﬂﬂ@? blocks containing {*CT IAA.

’J'J

and with ve ?@1VOT Rlocks in centact with their opposite

ends. The amommty and éist?i;ut¢an of vadioactivity in
ﬁh& apical &ﬁd basal halves of the'cslﬁgpailg segnonts and
in the veceiver Lloeks are showa inm Figure 3.,f_Fi&ure 44
shows tﬁe tg%ml'vma$ig of raéxmamawvxéy by ih@ iotrat
seguent plus The receiver block ay a fwetion of time and
Pigure 4% the owount of radicactivity ia the receiver blocks
axpressed as o :&’axifzﬁic.\z@mﬁ? ‘i:i}ncs; ALl data ave the e cans of
4 independent axperviments.

When the ﬁﬁﬂ@?S-V“Fﬁ appl 1wﬂ to the apical end of the
sepments (*iwur“ 4§} the gmnuﬂt af radicsctlivity reaching

&

receiver hlocks indreased with t&nﬂ for the first & hours,

 from O dpm after only 1 hour to 1022 dpw after § hours and

then remadped relatively widforn at approxinately 900 dpw

for the next % hﬂﬂ?ca When the sogmenis weve supplied wit

donor hlgtkﬁ Ak th@gr basal ends, the total amount of

r&disﬁri}wz Ty found in the spical receiver blocks did not
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Fiﬁﬂf 3 3 Time course For thc b%sxpetai and anr&potal

o &5 n»m-(ww i

-mavumpu& 0£ raﬂlaatulﬁity Lhrough 10 mm cowm@ntu ci L

;csjeop»ilc¢ bﬁp@iiﬂd coﬁtmngausly vLLh donor Bloc&s
cﬁnﬁamnaﬂw {‘*G}“£AA &t exther “their apiﬁai'ér basal éﬁﬁs.:
_Blabrxbution 04 radxo&cmivity An the &plk&l anu basal |
halves of ﬁhe colma@til@ sagmenta and in tho rncexver
‘hlocks ia qhawn as a fractlcn ai tlna S = qermont half
inoareﬂt to the dnnur blncl 2 = segnent half Iurthcst

From bhﬂ donor. block; R = rncs:vv? hlﬂci Th@ﬁ@,data

&.‘m mw mean of-four : :0«;1‘&1:,0 a}:}mr.imc,mm.
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. excoed ﬁ dpm. QVnn ﬂ?ﬁar xraq&pari ? spdods :aﬁ i? hours.

s

Bince wmere yq&xuﬂcm&vfiy woved 1%%@ a. h&%mi receiver block
than imé@ an aﬁ&‘ iiwnaﬁhzt is iz@imAtivaftbﬂa f. dio &Q@i?lh?,vk
ﬁfam {3%¢) 1AM HOVes' wxzn & b&ai?@u?i polesity.  The very
}‘gmsll amaﬂﬁx"fmi raﬁisac11v1iy‘whsa% wwwwf%ro sent in the
and ani r@e@fvvr h:gukd wexe p?vhabiy éua gﬁﬁﬁlfiﬁ 1&&.

Tﬁé t@ﬁal ﬁﬁﬁ&ﬁ@uﬁﬁ raﬁi@&ﬁﬁx?zty fkgguf@ @&) wa sv

tiga ted by the amount of ﬁadigagtﬁvity_my&ggnﬁ‘xn_tga_

}'wﬁﬁ ;euaﬁ o Aﬁ??ﬂﬁ&ﬁ W%ah gimaiﬁﬂx a1t wagﬁunix Vhﬁaﬁ??
they were &"Viz i gzmai aw h sal donoy biocks. Por
S@gﬁ T apw%ivﬁ mzih ayia&i éunn biaagg ﬁﬁ@'nﬂiﬂq ﬁpﬁwka e

Cof vt&gua@ﬁxvzxv iﬂk& 5;& From ﬂﬁ? dpum o frey. 1 hour 10
‘“eaxh a mand unm of ﬁdﬁ@ ﬁyﬂ afte Vlh‘ Afver ?T”ﬁﬂpﬁ?&
'per&@ﬁﬁ‘ﬁﬁ @1 hﬁ~uﬁﬁrﬁ, tHe z@tai ‘uptake im£§ 3Exmhiif @9’

2302 dom fﬁd nx&@r 13 h@ﬁrs this 3@& xgl*av Sighﬁly

’nnﬂ ?ﬁ€@§var QEQL& aﬁ the end of the tléﬂSDﬁYi ﬂéxiﬁﬁf};:
. &

“fuvm&ﬁr o 226 ﬁym. ; mémmlaxix for 5ﬁwm@n£$ suppiied with.

b?s&l dgﬁﬁfﬁ ahe Lﬁxai uptake lﬁﬂ? poad w;mh tine Lavﬂufiautw‘

&&@ entive L?“ﬁﬁyﬂ?f per?aé From 5@2 ﬂym 3x$@r i hagrwﬁﬁ;“

i‘?ﬂ 6ﬁw--fx¢xﬂﬁweiva hours. ihywuwnﬁut the entive transe -
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a?wﬁ}@ w?@&L@? th A me hm Lagql u&.

rha disrel hﬁai&u af ER§161¢ﬁ$\° Ty wi%i in th iWJ hal *a'* L

”*ck iam &@*ﬁ&%“l?&“%w%ﬂ?ﬁt avﬁ xuo ?Q%QBVQX b%aﬁ&g is shawﬁ

l

}n ilﬁuf G ;_Whﬁﬁ ﬂﬁgpiiw& i ?}ﬁﬂ,ha@af ugnar, aliush@
zﬁaaac?xvx%v u s r@wf ﬁ& %0 the Lower hﬁlf af‘th&«ﬁagmwﬁt

2

{icestgnent §aﬁ hq;‘i} nk&mh haa_%eﬁn T

to- the donor - o -
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