
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



Growth A nalysis and Plant Hormone Studies  

in Apple ( Malus sylve s t r i s  Mil l . ) 

A the s i s  submi t t e d  i n  par t ial  fulfilme nt of the 

r e quireme n t s  for the degree o f  Doc t or o f  Philos ophy 

a t  

De partme n t  of  Hort icultur e  

Masse y Univers i t y  

Palme rst on North 

New Zealand 

Heung Sub Park 

1 975 



To My paren t s , S o on Ja , Jin S o o , S i  Young, and Jin  Hyoung . 

S in c e  we are assured t ha t  the all-wise Creat o r  has 

ob serve d the most e xac t propor t i ons , o f  number , we ight and 

measure , i n  the make of all things ; t he most like ly way 

there fore , t o  ge t any insi ght int o the  nature of  t hose part s  

o f  the c r e a ture , whi c h  c ome within our ob s e rvat i on ,  mus t  in  

a l l  reason be to  numb e r , we i gh and me a sure . 
" 

God ha s not only c omprehende d the dus t  of the e arth i n  

a measure, and wei ghe d the mount ains i n  s c ales , and t he h i l l s  
" 

i n  a balanc e ,  I sai . X l . 1 2 .  ( Hale s , 1727 ) . 



A c knowle dgements  

Sincere  t hankG t o  my supervi s o r  Profe ssor  J . A .  

Veale ; o ther me mb e rs o f  the Department o f  Hort i culture 

par t i cularly Dr . D . J. Woolle y for his a dvi ce  on exp e r i mental 

p r o c e dures  and a s s i stan c e  wi th the  manus c r ipt ; Profe s s or 

R . E .  Munford for assistan c e  with the gro wt� analys i s  data ; 

Dr . E .  D .  Penny f o r  advi c e  on  t e chnique s in the early s tage s ; 

Dr . J .  P . Kerr Pla nt Phys i o l ogy Divisi on ,  D .  S .  I .  R .  for 

ass i s tanc e wi t h  t h e  prepara t i on o f  the t he s is ; several who 

a s s i s t e d  wi th p r o o freadi ng ; t o leran c e  o f  the Botany/Zoo l ogy 

Depar tment i n  the use of  equipment and fac i li tie s ; Mr . K .  

J .  Fourneau who e ncourage d field e xpe rime nta t i on i n  h i s  

o rchard and Mr . K .  W. Ki ddle (Apple and Pear Board ) who 

organi z e d  for the experime ntal f i e ld i n  Hasti ngs . 

Fur the r  ext e nded thanks for gifts  of 3H- zeat i n , 

G i bbere llins , and  Tan-ginb o zu dwarf r i c e  seeds ; t o  Dr . D .  S .  

Le tham (Research School of  Biological S c i enc e , Aus tralian 

Nati onal Unive r s i t y Canbe rra , Aus t ralia ) ,  Dr . D.  Broadb e n t  

i 

( I .  C .  I .  Pharmac eu t i cals Divisi on , A lderley Park , Mac c le s ­

f i e ld , Che shire , England ) ,  and Dr , Y .  Murakami ( Na t i ona l  

Ins t i tute o f  Agri cultural Sc i e n c e , T okyo , Japan ) r e spe c t ively . 

Spe c ial thanks t o  my wi fe f o r  support , e n c ourage­

men t , and typing . 

Gra t i tude expr e s s e d  t o  the f ollowing organi z a t i on 

whi ch gave fina n c ial support and enc ourageme nt ; Korean 

Gove rnment , UNESCO, C o lomb o  Plan an d Massey Unive r s i t y . 



Abstrac t 

Part I 
Growth analysis stud i e s  

ii 

Previous d a t a  o n  gravi t a t ional e ffe c t s  on shoot  growt h and 

flowering have been inc o ns i stent . A t t empt s have been mad e  to i nve s t iga t e  

s h o o t  growth and flowering on sho o t s  with  a 3/8 phyllotaxis  in 90  c m  and 

1 50 cm lat erals . The s e  were be n t  at d i f fe re nt time s t o  the  hori z on t al 

or t o  a pend ul ous p o si t i on in apple varie tie s  Re d Delic i ou s  and Granny 

Smit h  on MM 1 06 ro o t st o cks grown under a semi -int ensive sys t e m  on a 
c omme rc ial orchard in the  ma j or apple growing area o f  Ha s t ings . The four 

treatment s c ompri se d : h orizontal or pend u l o u s  bending d uring t he d o rmant 

period , at p e t al fall, s e c ond c o ver stage and w i t h  normal vert i ca l  

lat eral s  a s  c ontrol s .  

Horiz o�tal bend ing increased  t o ta l  s hoot growt h and fl owe ring 

re l�tive to the vert i c a l  c ontro l s  in the 90 c m  treatment in oa t h  varie ­

t ie s . There se eme d  t o  be a tend enc y t o  de c re a se to tal sho ot grow t h  when 

the time of bend ing was  later in the season and no dif fere nc e s  in flower­

ing o c curred  among the h ori zontal  b e n d i ng tre a t ment . On the o t her hand 

shoot  growt h wa s re latlve ly constant in a l l  t reat ment s in the 1 50 c m  

t re a t me nt . A very si�ni f icant inc rease i n  fl owering , h owever, w a s  f ound 

in t h e  p e t al fall pe ndul ous b endi�g . In the  d ormant period pend u l ou s  

b end ing t here was a slight e ffe c t  o n  the fl owe r promo t i on re l a t i v e  to  

the ve rt icals . 

The prod uc t ion of late rals and flower bud s wa s always more 

pronounc ed  on the uppe r sid e  o f  the bent s ho o t s, with an i nt ermed iate  

on the flanks, and gre a t ly inhibi t e d  e f fe c t s  o n  the  lower side , ind i ­

c at i ng a s t e e p  l inear re lationship from t h e  l ower t o  t h e  upper during 

the  d o rmant period  treatment in all exp e rime nt s .  Gene ral ly , the  p e r­

c entage s o f  sh o o t  growt h and flower produ c t i o n  were incre a s e d  from t he 

d ormant period b e nd ing t o  the petal fal l , se c ond c over and t o  t h e  

ver t i c al c ontrol . 

The gre a t e s t  inc re ase in shoot  l e ngth and increa s e d  percentage 

of fl owering in all e xperime nt s were fou nd in the apical  whorl zone� 

and the s e  furt her d e creased from t h e  1 s t t o  the 2nd , and t o  the 3rd 

whorl; this was t he c ase for sho o t  growt h  flowering i n  t h e  first 

whorl wa s n the inhe rent prope rt i e s  in Red D e l i c iou s . 

The shoot  growth and flowering at the d i f fe re nt whorl s in 1 50 c m  length 

l a t era ls  bent pendul o u sly in Red D e l i c i o u s  showed a quadra t i c  r e l a t i on­

sh ip due to the longer sho o t s in the  api c a l  and the arch p o s i t ion on t he 

s h o o t  when bent a t  t he 5t h whorl in all t rea tment s .  Bu t at t he 5 t h  whorl 

fl owe ring was reduc e d  c onsid erably ,  b e c au s e  o f  sub s t antial l a t e ra l  growth . 



iii 

In ord e r  t o  ae scribe the  growt h  r e lat ion ship b e t we e n  s h o o t  

v o lume and t o tal leaf area  a n  i n d e x  b a s e d  o n  t he rat i o  o f  v e ge tat ive 

and  reproduct ive r e sp o n s e s  was  e st ablished  e.g .  v e ge t a t ive 10.83 
and repr oduct ive 19.R0-24.4o. 

The re latio n s h ip of shoot  growth and fl owe ring are di scus s e d  

in  t e rms of a hormone  b a lance t h e ory . 
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Ab s t ract 

Part II  

Plan t hormone studies 

I n  ord er t o  e s t ab lish a ratio o f  different plant hormone s 

for  an  �nderst�nding o f  physiologi c a� phenomena, appropria t e  extrac t io n  

pro c e dures  are re quired for  espec ially apple leaves whic h are ric h in 

phe n o l ic c ompound s and ot�er inhibi t ors . There fore extrac t ion pro c ed -

d . f . '- . . d . 1 +.., I AA d 3H t . u r e s  a n  purl 1c a ,.�on were exam1ne us1ng L- an - z e a  1n. 
L o s s  o f  1 4c-I A A  d uring ext rac tion pro c edure s was due t o  a 

high pH in the  aqueous phase during solvent partitioning. The final 
1 4  

re c ove ry o f  G-IAA wa s 3 . 8% 

o:l; vent :g�rt.it{!i>� "and] c o lumn c hrorna tography. 

on  a silic a ge l-c elite  c olumn ani a Sephadex LH..:.2o c o lu mn , giving 80% 

r e c o ve ry in 30 ml elution volume around the maL1. peak and 9 Cf'/o r e c ove ry 

i"l 20  ml e l uti on vo lume a round the main peak r e spe c t iv e ly . Nearly 1 00% 

re c overy from a Se phade� S-1 0 c olumn wa s ob tained . 50-57% re c ov e ry o f  
1 4

c-IAA was ob tained in c e llulose thin layer chroma t ography a t  the  H f  o f  

I AA ,[ and; J no  loss  of  1 4
c-IAA o c c urred during 3 days s t orage in a d a rk 

c ab ine t .  

The par t i tion coeffi c ie n t  o f  3H-zea t ift a t  pH 8 . 3 was 1 3 . 1 2  

w i t h  e t hyl a c e tat e and 0 . 48R with  n -bu t a no l ; a t  pH 2 . 5 , 1 08 - 8 9  w i t h  

e thyl ace t a�e and 16 . 73 w i t h  n -bu tanol . Bac kwashing c a n  r e c over 
3H - z e a tin from ethyl a cet ate phase wh ich was partit ioned a t  pH 2 . 5 .  

80% r e c o very o f  3H-ze a t i n  in the first 1 , 000 ml  wa s obtained  fr o m  

Sephadex G- 1 0  and Dowex 5 0  W x 8. 88 . 6% r e c overy o f  3H-zeatin c ou l d  b e  

o b t aine d in a 20 m l  p eak using Sephadex LH-20  eluted with  9 5% EtOH  

c onta inin g 0 . 001 M HCl . The be havio u r  o f  
3

H-zea t in was studied in 

pape r chromato graphy and c ellu l o se , DEAE c e l lulose and s i l i c a  ge l ,  

thin lay e r  c h romat o graphy , ab out 82 -6Cf'/o o f  3H-zeat i n  the  Rf  o f  3 H-zea t in 

be ing  rec ove re d . 

F our se r ies o f  plant hormo �es were  det ermined from  app l e  

l e a v e s  b y  e t hyl a c e tA t e  partit ioning , Sephad�x G- 1 0  c o lumn , sil i c a  ge l ­

c e l i t e  c olumn and c e llul o se thi� laye r c hromat o graphy o f  a cid i c  fract ­

i o n s  c on t aining auxi n - , g ibbe re l l in- , ani ABA-like substanc e s , and  by 

b u t ano l partit ionin g , Sephad ex G - 1 0 ,  Sephad ex LH-20 , and"DEAE c e l lu l o se 

t hin  lay e r  chroma t o graphy for c yt okinin - l ike sub stan c e s  from b a s ic 

fra c t ion s .  Po ssib l y  two  kind s o f  auxin-l ike subst an c e s  we re found a n d  

p o s sibly GA9 , GA4 , GA5 , GA1 , or GA3 and GA8 -like sub stan c e s  w e re e lu t e d  

from a s i l i c a  ge l - c e l i te ad sorpt ion c o lumn . Several grou p s  o �  c yt okinin-
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like subst a n c e s  were ob t a ine d from Sephad ex LH-20 c olumn c hr omat o graphy , 

p o s s ibly zea t in ,  z e a t in -ribo side and o t her cyt okinins we re found in 

apple leave s .  

Based on t he e s tlmat io� o f  e ach plant hormon e  from t hin 

laye r c hroma t o graphy , a rel�tive plan t hormone ind ex was  e s t ablishe d , 

i . e . ,  Relative Auxin Ac t i v i t y  Index , Relativ� Inhib i t o r  A c t ivi ty I ndex , 

Relative Gibbe rellin A c tivity Index , and Relative  Cyt okinin  A c t iv it y  

Ind e x , re spe c t ively , t he hormone 

giv ing t he highe st rat i o  be ing c onsije red the d ominan t hormonal fact o r  

a t  t ha t  st a ge o f  development . 

GLC t e chniques were also s t ud i e d  for plant hormone analysi s , 

u si n g  7% OV- 1  and NAA , IAA , IPA ,  GA1 , GA3 , GA4 , GA5 , GA7 , GA9 , GA 1 3  and  

ABA markers  t o  e s tabli sh retent ion t imes a�d d e t e c t or re sponse at  t h e  

2 . 5  n g  level . N . O . -bis ( trime t hylsilyl ) t rifluoroa c e tamide ( BSTFA ) 

t oge t h e r  w i t h  Tri�e t hylc hlorosilane ( TMC S )  silyl reage n t s  produc e d  t h e  

be s t  peak h e i gh t s  f o r  IAA , I PA ,  GA 3 and GA1 bu t reduc e d  t he ABA p e a k  by 

half and t he GA9 peak by 20% . 
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CHAPTER 1 

Introduct i o n  

B e nding t echni que s t oge the r  w i t h  t raining frui t tre e s  have 

b e e n  used in practice in orchard s  for  many ce nturi e s  in Europe  for 

inducing precoci ous flowering and st imula t i ng yields . T he t echniques 

use d ,  part icularly the Spindlebush , the  Palme tta, and t he New Zealand 

modified  ce ntral leader sys t e ms produced remarkable r e sult so Ther e  are 

however many contradicti ons in the l i t e rature describing v e ge tative 

and reproduct ive gr owth under di(ferent environmental condi t i ons and 

with different  me thods use d .  

In the las t two decade s many research workers have b e e n  

engaged intens ively o n  the problems of gravi tational e f fects o n  woody 

plants . The  morphological re sponses  of woody plants under the grav i t y  

influence s have b ee n  t erme d ' Gravimorphi�'· Tlte morph o lo gical re spons e s  

achieved b y  b e nding i nclude the inhi b i t ion o f  out gr owth o f  buds , change s 

i n  the habi t  o f  shoot  gr ow th , t he forma t i o n  o f  reacti o n  wood , and the 

i nduct ion of f loweringo The rela t i onship b e t ween the phys i ological 

mechanisms involved i n  apical domi nance and grav i t y  e ffects is far 

from clear . Curre nt theories  on fact ors involved in gr o wth and 

developments  e mbrace the exi s t e nce of a delicate balance b e tween 

var i ous plant hormone s . 

The re are no  clear data on the orientation o f  buds and shoots 

a long the lat e rals i n  the b ending treatme n t s . There are  also  no data 

on  growth relati onship in t erms of volume t ric consi derat i ons in r e la t i on 

t o  lenf area s o  that the vege tat ive and repr oduct ive growth i s  n o t  

under s t o o d .  There a r e  many methods use d ava i lable t o  analyze plant 

hormone s .  Howeve r , there  are no me t h o d s  de scribed which allow for  

e ffective de t e rmina t i on of hormone s fr om one  sample , in par t icular ; 

auxins , gibbere llins , cyt okinins , and abscisic aci d .  The r e f o r e  i t  has 

b e e n  imp o s s ib le t o  de t e rmine int e ract i ng gradient s exi s t i n g  i n  t he 

vari ous hormones like ly t o  b e  i nv o lv e d  in grav i t a t i onal e ffect s . 

The pre sent inve s t iga t i on there f ore had s e v e ral object ives 

( a )  to  analyse the growth and reproduct ive responses of  s h oo t s  e xposed 

to  a range o f  gravimorphic s t imuli when appli e d  to  apple t re e s  under 

orchard condi t i ons and ( b )  to  e st ab l i s h  e ffective t echn iques for the 

de t e rmina t i on o f  vari ous hormone groups extracte d  from the $ame sample s . 

Ini t iallY. i t  was intended t o  ext end the programme t o  i nclude 

t he analys i s  of the h ormone s in sample s obtained from apple t r e es 

sub j ecte d  t o  gravimorphic t reatments . Thi s lat ter  has b e en e xcluded 

on  account of  the t ime fact or . 
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CHAPTER 2 

Review o f  Lit e rature 

2 . 1 . H i st orical outline of gravimorphic s tudies 

As e arly as  the seve n teenth and e ighteenth  century French 

gardeners practised  the training o f  fruit tre e s  with b ending techniques .  

The b e nd i ng techniques for controlling the gro wth , flowering , and 

fru i t ing of fruit trees were i n troduce d into England and s everal 

e xperime n t s  on the e f fect of b e nding on flowering in fru i t  tre e s  were 

carrie d  out . Knight  ( 1 803 , 1 81 3 )  outline d  the e ffect of grav i ta t i on on 

growth and flowering as f ollows: " I however consider grav i ta t i on as the 

most  extens ive and act ive caus e  o f  m o t i on , in t he desce nding fluids o f  

tre e s ; • • •  N o  power a t  all had b e e n  fatal ; and powers sufficiently t o  

s t r ong who lly t o  counteract t he e ffects o f  gravita t i o n , had probabl y  b e e n  

i n  a high degree de struct ive . And i t  appears t o  m e  b y  no  means impro­

bab le , that the f orma t i on of b loss oms may ,  in many i n s tance s ,  arise from 

t he diminishe d act i on o f  t he re turning sys t e m  in the horizontal or pen-
" dul ous branch . Kni ght ( 1 81 3 )  recommende d training b earing branche s  b y  

bending rather than ringing a s  follows: " I b e lieve , gravi ta tion t o  b e  t he 

.bene ficial agent in this cas e ; by t i ght and long cont inue d l i gatures ,  

or b y  training the beari n g  branche s almost perpendicularly downwards . 

I t  gre a t ly increased the dispo s i t i o n  in the tre e t o  bear frui t , without 

i njuring its general healt h ,  and because it occasi ons a degre e of vigour 

t o  be every whorl almost  e qually d i s tribut e d" . Knight ( 1 81 3 )  also  

produce d ple n t y  o f  mulb erries b y  training branches horizontally on 25  

years o l d  tre e s . 

In  1 831  Lindle y wide ly recommended one o f  t he f ollowing 

orchar d  prac t ice s t o  impr ove the quali t y  o f  some fru i t s  and t he extent 

o f  fruit ing . The practice s were ( 1 ) .  ring barking ; ( 2 ) .  b e nding t he 

branche s downwards ; ( 3 ). tra ining ; ( 4 ) .  t he use o f  d i f ferent  kinds o f  

r o o t s t ocks ( Sax . 1 962 ) . 

At  the turn o f  the last ce n tury German plant phys i ologists  

s tudi e d  p olar i t y  in plant growth; Early this century a number o f  

re search workers s tudied the b e nding effects o n  flowering o f  fruit tre e s  

i n  Europe and America . Lundergardh i n  1 96 0  wrot e  ab out hi s e arly studi e s  

( 1 91 3 )  on  gravitati onal e ffects o n  the form o f  tre e s . E�t ernal fac t ors  

such as g e o t o nic phe nomena and gravi ta t i onal e ffect s combi ne to  form a 

suitable shaping o f  the plant . He c i t e d  the example o f  s i de s h o o t s  which 

grow out abundant ly from the upper s i de o f  plagio tropic lat erals and 

grow more than those on the lower s i de . If the lat e rals were arche d the 
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morphotropic fac t ors were able to suppleme nt the geot onic induc tion in 

t he arching lat erals . 

Champagnat ( 1 95 4 )  who worke d wit h  apple trees describ e d  the 

outgr owth of lat eral sho o t s  from the upper side and the inhibition of  

buds  on t he l o wer side of  the  b ranche s . The s trong gr owing sho o t s  from 

the upper side of-the lat e r als wer� called 'Gourmand shoots ' ( C hampagnat , 

1 95 4  b ) . The outgrowth o f  t he lateral buds was re gulat e d  b y  'inherent  

pr opertie s' and 'inhibition ac tuelle' in t he horizontal and arched 

lat e rals ( Champagnat , 1 954  b ) .  

In 1 95 8 , Wareing and his eo-worke rs s tudie d the physiological 

basis of  the gravitational e ff e c ts on shoot growth and flowering in 

fruit tre e s . Prev�ously , many research workers had drawn a t t e ntion t o  

the various e ff e c ts o f  gravity on plant growth . Wareing and Nasr ( 1 95 8 )  

introduc e d  the term 'Gravimorphism' t o  de s c ribe the e f fe c t  o f  gravity 

on t he ext e nsion of shoot growth and f l owering and the interac tion of  

apical dominance (Wareing and Nasr , 1 961 ) ,  as we ll a s  the many qther 

e f fe c t s  of gravity in various fruit tre es and other spe c ie s  ( Longman 

and Ware ing , 1 95 8  and Longman , et al , 1 965 ) .  Longman ( 1 96 0 )  sugge s t e d  

t hat  gravity i s  a n  envir onmental fac tor  which affe c t s  a l l  plants but 

differs from many other fac t ors in that it is c onstant in direc tion and 

int e nsit y . The magnitude o f  the gravitational e ff e c t  may differ among 

dif ferent plant organs . 

Sin c e  Wareing and his eo-workers in 1 958 first e stablished 

the c oncept  of gravimorphism in plant s ,  t here has b e e n  muc h  lit e rature 

discussing gravimorphic e ff e c t s  in other woody plan t s . 

In  1 962 , Sax reviewe d gr owth and flowering in the juve nile 

stage in rela tion to 'Gravimorphism' .  In 1 964 Mullins reviewed historical , 

physiological , and prac tica l  aspe c t s  of  t he gravitational e f fe c t s  on 

growth and f l owering in fruit tree s . Mullins ( 1 96 4 , 1 967 ) d e s c rib e d  

gravimorphic phe nomena whi c h  are independent of  any dir e c tional 

influenc e of gravity. He raise d  pr oblems of terminology associa t e d  with 

gravimorphism . A s  example s he cit e d  t he use of  the t erm 'Morphas e s' b y  
11 

B orgs trom ( 1 939 ) t o  �sc ribe the outgrowth of  laterals from the highe s t  
11 

p oint o f  the arch in b e n t  shoots and r o o t s  and Bucher ' s  ( 1 906 ) use o f  

t h e  t e rm 'Campt otr ophism' t o  describe t h e  reac tion o f  b e nding o n  t he 

c ortical ce lls of  cer tain herbac e ous plants . Mullins ( 1 96 4 )  pr o p o s e d  

1Campylomorphism' t o  d e s c ribe the reac tion o f  bending on t h e  c or tical 

c e lls of  c e r t ain herbac e ous  plants and t o  de s c ribe the morphogenetic 

reac tions o f  plants to  the e f fe c t s  of  be nding and whic h have a 

physiological basic . Vigor ous shoots which grow from buds in the r e gion 
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o f  a bending are de t ermined pr i mari ly b y  the act o f  b e nd i ng ( i . e . , 

Campylomorphism ) ,  sugge s t i ng a regula t i on via the ac t i on o f  growth 

subs tanc e s  in  the x ylem, b ut it is sugge s ted  that the l o c a t i on on  the 

s t e m  which c an be b ent and subseque ntly pr oduce 'gourmand' sho o t s  i s  

de t ermined b y  gravi t y .  

2 . 2 Bending t e chniques i n  general orc hard practice  

In  o r c hard prac t i c e  vigorous upward branches i n  young frui t  

t r e e s  grafted o n  t o  vigor ous r o otst ocks o r  seedlings d o  n o t  exhib i t  

early flower ing . Horticultur i s t s  have obs erved profuse flowe r ing, good  

qua l i t y  fru i t s  and high yield  in  the  early years on  the  h or i zontal or  

pe ndant branc he s ( Lore t t e ,  1 925 ; Page, 1 939 ; Bryner , 1 943 ; D ( Un s t e r ) ,  

1 943 ; Kemmer e t  a l, 1 943 ; Champagnat , 1 95 4 ;  Militue e t  al, 1 965 ; 

C onstantine scu e t  a l, 1 96 5 , Tromp, 1 96 7 ) . 

An o l d  s ys tem o f  apple and pear tree training based  o n  b e nding 

the branc he s  o f  f ru i t  trees  ( Page, 1 93 9 )  and has given exc e llent r e sult s 

as regards yie ld , and e c onomy o f  spa c e  ( D ( Unster ) ,  1 943 ) . Fe y and Wirth 

( 1 944 ) indica t e d  that the popular method o f  pruning ( Spindlebush)  i n  

Germany, i s  t o  t i e  d own the lat e ral sho o t s  horiz ontally a n d  t o  re frain 

.from summer-pruni n g  unt i l  they are about t e n  years old whereas the 

dwa r f  pyramid t r e e s  are summer pruned from the sec ond year . 
1 1  

Hilkenbaumber ( 1 949 ) experimented on the pruning of Spindlebush apples 

i n  c ommerc ial or c hards o I n  the case o f  C ox's Orange Pippin b oth tying 

down and summer -pruning produc e d  h i gher yields than winter pruning . 

Jonkers ( 1 966 ) i llus trat e d  s ome r e c ent developments in  apple and pear 

pro du c t i on in the Ne therlands, involving adaptation o f  pruning and 

b e nding to the var i e tal charac teri s t i c s  in a hedgerow system . In 

di scus sing gravi t y  e ffe c t s  in apple tree s ,  Mullins ( 1 96 7 )  e numera t e s  

many modern s y s t e m s  of training apple t r e e s  involving bending  o f  

branches and says "With a sys t e m  such  as  the Spindlebus h, t h e  Palme t ta , 

and the New Zealand mod i f i e d  C e ntral Leader, upright bran c h e d  are 

deliberately b e nt i nt o  incline d  or pendul ous positi ons . "  

2 . 3 .  The e ffe c t  o f  gravity on flowe r i ng 

2 . 3 . 1 .  Pre c o c i ou s  flowering 

Woody plants generally r e quire a c e r tain s i z e� age,  or 

morphological changes in  leave s b e f ore  f lowe ring from s e e d l i ngs  or 

gra f t ings is  p o s s i b l� . This period is c alled the 'se e d li ngs  j uv enile 

pha s e ' for s e e dl i ngs, or the ' c lonal j uv e n i le phase ' f o r  gra ft e d . 

t r e e s .  A numbe r  o f  early horti cultur i s t s  tried to  sho r t e n  this juvenile 

phase by using s e v e ral techn i ques i n c lu d i ng bending treatments t o  indu c e  
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pre c oc ious f lower ing fr om s e e dlings and young graft e d  fru i t  tre e s  ( Park , 

1 96 9 ) . 

Kni ght in 1 803 c laimed that tying down branch e s  brought ab out 

heavy frui t i ng and two decades lat e r  Williams ( 1 820 ) i nduc e d  earli e r  

fruit ing o f  p e a r  seedlings by training the branches i n t o  a horiz ontal 

or  pendant p o s i t i on. Shanks ( 1 922 ) a l s o  brought young pear tre e s  int o 

b earing 2 - 3  years earlier  by tying down the branche s instead of  us ing 

t he current t e c hnique of  severe pruning ( Longman , et a l , 1 965 ) .  Mc lean 

( 1 940 ) obtaine d flower buds on a two - year old swe et c he rry Prunus avium 

which was t i e d  i nto l o ops to pr odu c e  the mechani cal e ff e c t  of the b e nding. 

Mat thews and Mit chell ( 1 95 7 )  produ c e d  a great dens i t y  of male and female 

f lowers in nine - year - old Japane s e  and hybrid larch by t raining as 

e spaliers ( Longman , e t  al , 1 965 ) .  

The s u c c e s s ful induc t i on o f  pre c o c i ous floweri ng b y  tying 

d own the branc he s has been  reporte d  in  young apple t r e e s  ( MacDaniels 
" 

a nd He inic ke , 1 925 ; H i lkenbaumer ,  1 96 0 ) and in  pear t r e e s  ( MacDanie ls 

and Heinicke , 1 92 5 ) .  

2 . 3 . 2 .  Apple tre e s  

A pple tre e s  usually b e ar fruit o n  the terminal spurs derived 

from lat e ra l s  gr own the previous year . However , in young vigorous trees 

o f  c ertain var i e ties many axillary and t erminal buds o n  the current 

shoots are init iat e d  as flower bud s . 

N o  f l owering was ini t i a t e d  in the first year horizontal or 

vertical sh o o t s  with apple r o o t s t o c k  No 3436 ( Ware ing and Nasr , 1 95 8 ) . 

On the o t he r hand , a marke d increase in the number o f  f lower buds 

formed in  t he horiz ontal t r e e s  o c c urred in the sec ond year (Wareing and 

Nasr , 1 958 ) o  T he same trend was found in  potted  Golden Deli c i ous  on 

M IX r o o t s t o c k  in whi c h  the hori zontal treatment was a ttained by keeping 

branche s hor i z ontally for the whole s eason or f or only the early or 

late part of the season ( Tramp , 1 96 8 ) . In cherry r o o t s t oc k  ( Ma z zard F 

1 2/1 ) no f l owering was initiate d  e i ther in the hor i zontal or vert i cal 

tre e s  dur ing the fi r s t  year treatment ( Ware�ng and Nasr , 1 958 ) . H owever , 

after a subs e quent year with the same treatments , f l owering was 

s t i mula t e d  a l i ttle on nonrotated horizontal cherry tre e s , but not i n  

the ver t i c a l  and rotate d  hori z ontal tre e s .  Rotation of . tre e s  treated  

horizontally r e duce � flowering both  in  apple and cherry tree s . I n  plum 

and bla c kc urrant , gravi t y  had no e ff e c t  on flowering ( Ware ing and Nasr , 

1 95 8 ) . 

Mil i tiu ,  Ne gri la ,  and Lupe scu ( 1 965 ) repor t e d  that 8 apple 

varie t i e s  b e nt over to f our semi c ir c l e s  2 years a f t e r  planting in  the 
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orchar d , yie lded earlier and b e t te r  in  the five subsequent  years , t han 

di d the untreated  trees . 

The apple vari e t y  C ox ' s  Orange Pippin has b e e n  used  for s tudies  

of  gravi tati onal e ff e c t s  by  a number o f  re search worke r s . With one  year 

o l d  t re e s , Longman , Nasr , and War e i ng ( 1 965 ) d oubled f l o wering in the 

whole horiz ontal p o t t e d  tre e s  c ompared w i t h  t he whole v e r t i cal y re e s .  

Poll  ( 1 96 6 )  inclined one year old apple tre e s  from the vertical  t o  45° 

and 90° and found that the larger angle i n c reased flowe r ing . Tr omp 

( 1 96 7  b )  obtained 51 . 1% of  f lowe r i ng in the horiz ontal r o t a t e d  t r e e s  

a n d  1 0 . 9% fr om t h e  v e r t i c a l  tr e e s . Only t h e  f our upper most  shoo t s  were 

allowe d to grow during his e xperime nts . Mul l i ns ( 1 96 4 )  did not obtain a 

s i gn i f i c ant difference  in  f l owering of  the p o t t e d  hor i z ontal , vert i cal , 

and i n  v e r t ical t r e e s . It  should b e  no t i c e d  i n  his exper iments that 90% 

o f  flowe r  buds were b orne in the axillary buds in the c urrent one year 

shoot s .  A l though Mullins ( 1 96 4 )  d i d  not f i nd flowering to be increased 

in the hor i z ontal tree s ,  the d i s t r ibut i on o f  flowering i n  these i n d i c a t e d  

a s igni f icant phy s i ologi cal phenomena a f fe c te d  by grav i t y .  Profuse 

f lowe r i ng was observed in the apical r e g i on of shoots  i n  the hori zontal 

lat e rals and flowe r i ng progr e s s ively decreased  t oward s  the basal shoot s 

whi c h  had a l onger growing s eas on . The i n t e n s i t y  of lat e ral flowe ring  was 

ne gat i v e ly c orre lated (r = 0 . 72 )  wi th the durat i on of s hoot  growth . 
1 1  d H ilkenbaumer ( 1 9g 0 ) reported d i f f er e ntial re s ponse s t o  the 

e f f e c t s  of b e nding in different varie t i e s . Young tre e s  of the apple 

var i e t i e s  Goldpaumer and Golde n Delic i ous had yie lds s t imulated  by t yi ng 

down the b ranche s . N o  yield re sponses howe ver oc curr e d  i n  the apple 

var i e t i e s  James Gr ieve and Olden B urg . Mac Dani els and He inicke ( 1 925 ) 

obtained highly s u c c e ssful b earing and ear l i e r  cropping from v i gorous and 

upri ght hab i t  var i e t i e s  such as Nor thern Spy and the pear var i e t y  Ke iffer  

b y  u s i ng bending t e chniques . C on c lusive b e nding e ffe c t s  on increas ing 

;:l ower in g  i n  young apple tre e s  were repor t e d  b y  Chandler ( 1 965 ) Srivastava 

( 1 93 8 )  Newmann ( 1 962 a ) and Mullins ( 1 96 7 ) . 

Efendiev ( 1 949 ) r e p o r t e d  that t r e e s  wit h  b e n t  branche s and those 

bound wi th w ire produ c e d  grea t e r  f lower ing than untr e a t e d  tree s .  In the 

e s tabli shed t r e e s  of  C ox ' s  Orange Pipp i n , tying down the branc he s i nc reased 

fl owe r i ng in  Eas t  Germany ( Ne wmann , 1 96 2  a ) ,  but no  e f fe c t s  of  b ending 

the branches were demonstra t e d  i n  Holland ( Jonkers , 1 96 2 ) . Bending one­

year-old upr i ght shoots in  mature apple t re e s  did not s t i mulate y i e lds 

( G ardne r , 1 91 7) . Baile y ( 1 92 7 )  reported i n  America  that t yi ng down of 

branche s was not a fundame ntal orc hard prac t i c e. 
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2 . 3 . 3 .  S i lviculture 

In Wisteria s i ne n s i s  Swe e t , McLean ( 1 940 ) indu c e d  early 

flowering and fruiting b y  t he looping of  the woody s t e m . The flowe ring 

of  young Japane se larc h  is  markedly i nfluence d  by the p os i t i on o f  the 

branches i n  re lati on t o  the  gravitati onal f i e l d  ( Longman , 1 96 0 ) . This 

has been  de mons trated b y  f ixing branches as  follows : ( 1 )  c ontrol branch 

f ixed i n  the ir  exist ing p o s i t i on ,  ( 2 )  c ontrol branch unfixe d , ( 3 )  

b ranch t i e d  approxima t e l y  horiz ontal , and ( 4 ) branch fixed down t o  

approxima t e ly 1 35° from the ver t i cal . The flowering o n  the hor i z ontal 

and t i e d  d o wn branc he s was r e markably d i s t i ngui shable from tha t  o f  the 

c on t r o l ,  a lthough there were  a slightly d i fferent respons e s  b et we e n  the 

treate d branche s . Howe ver ,  i n  b i r c h  Longman , Nasr , and Ware ing ( 1 96 5 ) 

c ould not increase flower ing wi th gravimorphic trea tments exc e pt on 

r inged t r e e s . 

2 . 4 .  The e ffe c t  of gra v i ty on vege ta t ive growth 

2 . 4 . 1 .  Extensi on o f  shoot growth 

The extens i on of  shoots grown under the influen c e  of  grav i t y  

has been i nv e s t i 8ated b y  several workers b u t  the r e sult s a r e  var iab l e . 

I n  experiments using a s i ngle leading sho ot  as  the t e rmina l  

shoot , marked reduc t i on o f  extens i on growth oc curred i n  the h o r i z ontal 

treatment s . Studie s were d one on c he rry , apple , plum , bla c kc urrant 

( Ware i ng and Nasr , 1 95 8 ,  1 96 1 ) ,  apple ( Neumann , 1 962 b ) , and Japanese 

Larc h  ( Longman and Ware ing , 1 958 ) . Re duc e d  ext ension shoot gr owth under 

b o t h  r o ta t e d  and non- r o t a t e d  hori z ontal treatment s was due b o t h  t o  

smaller int ernode numb e r s  and to  r e duced  internode le ngth in c he rry 

and plum , but only to r e du ced internode length in apple and blackc urrant 

( Ware ing a nd Nasr , 1 958 , 1 96 1 ) .  Mullins ( 1 965 b )  c onfirme d that the 

re duct io n of internode in the te rminal shoot s  of  the hor i z ontal t re e s , 

r e du c e d  t e rminal sho o t  growth by 30% whe n c ompare d with t he length o f  

t erminal shoots . 

Tr omp ( 1 967  b )  reported that the mean sho o t  e xtension whe n  

only the f our upper m o s t  shoots i n  the stem wer e  le f t  t o  grow was 

r e duc e d  f r om 1 62 cm i n  t he vert ical t o  86 c m  i n  the horiz ontal ori e n­

t a t i on i n  one year old C ox ' s  Orange Pippin trees on M IX . The 50 % 

r e duc t i on of  Ghoot gro wth in the hori z ontal posi t i on was c on f i rme d i n  

G olden De l i c i ous  ( Tr omp , 1 96 8 )  and i n  C ox ' s  Orange Pippin ( Tr omp , 1 970 ) 

b o t h  on M I X .  

S t ernberg a n d  Kulikova ( 1 957 ) repor t e d  a 7 3  % re duc t i on i n  

length o f  total shoot s  i n  the hori z ontal laterals from 6 -year- o ld 
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a pple t r e e s  Antonovka when t i e d  on May 1 7 ,  and on June 26 . Thi s was due 

t o  an 85% reduc t ion of t o tal i n t e rnode l e ng t h .  Husabp ( 1 966 ) f ound 

t hat vegetat ive gro w t h  of  the apple s  de creas e d  as the angle b e t we e n  

t he ma in s te m  increa s e d  t o  30° , 60° , 90° and 1 20° on the young t r e e s  
1 1  

o f  Ingr i d  Marie , Red  Gravens te i n ,  and Red  Savastaholm , b u t  v e ge t a t i ve 

growth in  Moltke pear vari e t y  was gre a t e r  whe n the branch angle was 1 20° . 

Kat o  and I t o  ( 1 962 ) s tudi e d  the gravitati onal e f fe c t  o n  shoot 

growt h  in  t he branche s o f  7-year-old Mc int osh Red apple tre e s . In  the 

i nver t i cal shoots , the sho o t  growth was t e rm i nated a t  about 1 7  cm on 

20th June . In the hor i z o n tal shoot , the shoot growt h was termina t e d  at 

abou t  26 c m  on the 30th  June . On the other hand , the v e r t i c a l  lat e rals 

o f  the sho o t  c ont i nu e d  to grow unt i l  they reached about 55 cm a t  the 

e nd of  July .  Sec ondary growth o f t e n  o c c urre d .  

Mika ( 1 96 9  a )  carried  out gravi morphic stud i e s  o n  one - year-old 

B elle de B oskoop and Wealthy a t  orchards i n  t he moderate growing 

c ondi t i ons of  c e nt ral Poland . The t o tal  shoot growth from the lat eral 

arms b e nt horizontally or i nver t i c ally was less than t he c orre sponding 

growth o f  the lat eral arms whi c h  er ow naturally at ab out 45° angle . The 

growth of the central leader on the tree  wi th the hor i z ontal lat e ra l  

arms w a s  greater t han o n  the c ontrol tree s o  When t o tal sho o t  growth per 

tree was c ompared b e tween the b e nd ing t re e s ,  there was no s i gni f i cant 

d iffe r e nc e o 

Wi thout r e s t r i c t ing shoot numb er s , Mullins ( 1 964 , 1 96 5  b )  

repor t e d  total  sho o t  gr owth ext e n s i on showed no sign i f icant d i ff e r e nc e  

b etwe e n  hor i z ontal , v e r t ical , and i nve r t ical  trees  grown in  p o t s . P oll 

( 1 966 ) c onfi rmed t he re sul t s  ob tained b y  Mullins ( 1 96 4 )  using the same 

varie t y  and age on M IX potted  a t  an angle o f  45° or 90° from the upri ght . 

The results  obtaine d b y  Poll ( 1 966 ) were asse ssed b y  Mika '( 1 96 9  a )  i n  t he 

f ield wi th the same var i e t y. 

2 . 4 . 2 .  Outgrowth o f  buds 

Whe n  buds r e c e ive a new ori e n ta t i on ac c ording to inc l i na t i on 

o f  lat e rals , the buds o n  the upper side o f  the lat e rals are s t i mula t e d  
11 

t o  grow out , whereas t h e  b uds on t he unde r s i de are inhibi t e d . V o c h t ing 

( 1 878 ) showe d that i n  w i llow the outgrowth of  la teral buds was great ly 

a f fe c t e d  b y  the di f f e r e n t  angl e s  from the ver ti c a l .  The budbr eak o c c urs 

c ommonly on the upper s ide of la t e rals and inhib i t i on on the unders i de 

( Reed and Halma , 1 91 9 ;  Halma , 1 923 , 1 926 ; Gardner , 1 925 ; Champagna t , 1 95 4 ; 

Wareing and Nasr , 1 9 6 1 ; Smi th and Ware ing , 1 96 4 ; Mull i ns , 1 96 4 , 1 96 5  a ,  

1 96 7 ) . Smi th ( 1 96 2 ) a l s o  repor t e d  that the bud or i e nta t i on de t e rmined  
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e arline s s  o f  bud b reak in  the hor i zontal shoo t . The ear l i e s t  bud growth 

o c c urred in t he upp e r  s i de of the s t em and next to the flank of the ste m ,  

while the b uds o n  t h e  lowerside d i d  n o t  grow a t  all . 

Smith and War e ing ( 1 96 4 )  i nve s t i ga t e d  the phys i ologic al basi s  

o f  the gravi tati ona l  e f fe c t  in  the b ud-break o f  Osier wi llow . They traine d 

the  Osi e r  wi llow i n t o  l oops o f  a 'U' f orm . Both con c ave and c onvex forms 

were  used . The rat e  of bud-break in the l o op s  was c ounted from 8 vari ous 

r e gions a f t e r  12 days . They f ound that there was no e f fe c t  of m e c hani c al 

s train on the rate of bud-break . Bud-break was more rapi d  on the tension 

r ather t han the compre s s i on s ide i n  the c oncave loop , but the opposite 

c a se held f o r  the c onvex loop . That i s  there were a t endency f or bud­

b reak to o c c ur on the upper s i de of b oth the c oncave and c onvex loops . 

Smi th and Ware ing C 1 964 )  e xamined the e f f.e c t  o f  the angle o f  

i nc lina t i on and gra v i t y  o n  bud-break in  Salix viminali s , using angles 

f r om 0 , 1 5 , 30 , 60 , 90 , 1 20 , 1 50 ,  and 1 80 de gre e s  to  the vert ic a l  upri ght , 

imposed f or 2 1  days . C omplete inhi b i t i on o f  bud-break on the lower side 

o f  the la t erals oc c urred on lat e rals  at 90° o Bud inhi b i t i o n  inc reased 

as the angle i ncrea s e d  from 0 to 90° , and from the hori zontal d i r e c t i on 

t o  1 80 degrees  as angle increased the bud-break increase d .  There fore , 

t he following c onc lu s i on can be drawn from the data o f  Smi th and War e in g  

( 1 96 4 ) ; v i z . The r a t e  of  bud-b reak o n  the lower s i d e  o f  t h e  lat e ral 

shoots  is  proporti onal to the angle b e twe e n  the  hor i z ontal and t he 

d irec t i on o f  shoot . 

The pre s e nc e of  buds on the arched re gion has some phys i ological 

r ole in  i nduc i ng the d i f ferent pat t e rn of  outgrowth o f  lat eral b uds . 

Smith ( 1 96 2 ) repor t e d  that in  willows the vigour of  bud outgrowth at 

t he api c a l  i nverte d r e g i on was promo ted  b y  disbuddi ng a t  the arche d  

r egion . Even the pre sen c e  of  lower s ide buds o n  the arched region  

i nhib i t e d  the  produc t i on of long  sho o t s  from the apical inve r t e d  regi on . 

T he long shoot  from the lower side  o f  the lateral c ould n o t  c ompe t e  

w ith the s h o o t s  from t h e  upper s i d e  o f  the arched lat e ral . Thi s d i f ferent 

pattern of growth f or the buds on the  latera l  may b e  a c orrela t ive effe c t . 

Smith ( 1 96 2 )  sugge s te d  t hat t he inh i b i t i on of  vigorous out growth i n  

the api c a l  r e gion c ould b e  due t o  m onopoliza t i on by  t h e  buds on the top 

of the loop f or nut r i e n t s  and gr owt h sub stan c e s  pro du c e d  from the root s .  

Mullins ( 1 964 , 1 97 1 ) c ompared the outgrowth o � sho o t s  o f  

basal gr oups among the distal , middle , and proximal regions  apart from 

the apex gr oup of t h� horizontal s t e m ,  and f ound a marke d basipetal  

gradient , i . e .  the  longe s t  shoot  a l ways grew on the uppe r s i de o f  the 

basal r e g i o n .  The v igour of s hoot  gr owth in these groups was a f f e c t e d  

b y  the pos i t i on o f  the basal group o f  buds . The more t h e  b u d  group was 
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l ocate d c l ose t o  the r o o t , the more the length o f  the basal laterals 

and the t otal shoot per bud group were produ c e d . Smith and Ware ing ( 1 96 4 )  

c onduc t e d  e xperiments i n  whi c h  Salix viminalis was traine d i n t o  two 

c onsecutive full loops or arches . The marked inhi b i t i on of la teral sho o t  

g rowth f r o m  t h e  s t e m  api cal region ( Ware ing and Nasr , 1 96 1 ) was c onfirme d 

b y  the m .  Howeve r ,  the y i nduc ed r o o t ing at the base o f  the l oops , and 

t he reby r e l ieved  this inhi b i t i on o f  shoot  gr owth by providing e i ther 

nutrients  or de i onizie d water . The y sugge s t e d  that the r o ot s  s ynthe size 

s ub s tan c e s  e s sential f or shoot gr owth and thi s can be t ranslocated  

through the xylem . The maintenan c e  o f  optimum shoot growth i s  dependent 

upon pro c e s s e s  taking p lace within the root i t s e l f .  There f ore  they 

a s sumed that the e ff e c t o f  the roots on  sho o t  growth is  indeed mediated 

t hrough the synthe s i s  o f  one or more substan c e s  e ssential for shoot 

growth . The y defined a term , ' the r o o t  fac tor ' to de s c r i b e  the ac t ive 

s ubstanc e s  i nvolved . The se substanc e s  are analogous to ' caulocaline s ' 

p o s tula t e d  b y  Went ( 1 93 8 ) , and may there fore be gr owth hormone s .  F inally 

they indi c a t e d  that monopolizat ion of the postulate d  ' root  fac t or ' by 

laterals on the upper s i de of the arch may b e  important i n  the 

e s tabli shment of  pat te rns of bran c h  d ominance . In ano t her e xper iment , 

Smith ( 1 96 2 )  a lso  demonstrated that among two c onsecu t i ve l o o ps the 

shoots  on the f i r s t  a r c h  domina t e d  e ther shoo t s  unle ss  the sho o t s  on 

the first  a r c h  were removed . Thus s h o o t s  may monopolize e s s ential 

s ub s tanc e s  s t ored in t he s tem. Halma ( 1 926 ) sugge s t e d  that inhi b i t i on 

of  sho ot  growth on the lower s ide may b e  due to  the a c c umula t i on of 

i nhib i t ory growth sub s tances on the l ower s i de . 

2 . 4 . 3 . D i s tr ib ution o f  shoots on  the la teral 

Mullins ( 1 964 ) reported  that lat e ral shoo t s  on horiz ontal , 

vertical , and i nvert i c al apple tr e e s  o f  the C ox ' s  Orange P ippin var i e t y  

s howed a d i s t inc t seasonal pattern o f  shoot gr owth . Mullins ( 1 96 4 , 

1 965 b ) sugge s te d  that lateral s h o o t s  grow from both the apical  and the 

basal r e g i o n o  From early season unt i l  mid-summer most sho o t s  gr ow i n  

t h e  apical  r e g i on , but a f ter mid- summer the shoot growth o c curs in the 

basal r e g i on of  t he t runk continu i ng until late in the year in t he 

vertical , hori zontal , and i nve r t e d  s te ms o  The relative v igour o f  the 

apical and basal region shoots i s  mut ually influenc e d  b e cause as the 

basal sho o t s  a ttain rapid growth a ft e r  mid- summer , whi le the gro wth o f  

apical region  shoots  drops ac c or d i ngly . The pat tern o f  shoot  l e ngth on 

t he stem showe d the marke d basipetal gradient whi ch o c c ur s  t owards the 

basal region  in the horiz ontal tr e e s . This gradient was l e s s  marked in 

b oth the ve r t i cal and i nvertical  t r e e s . In the hori zontal t r e e s , the 
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longe s t  shoots deve l oped from the l o wer- most buds on the uppe r  s ide of  

s tems . In the i nve r t e d  tre e s , the  longest  shoots developed f r om those 

buds whi c h  were  a f e w  nodes d i s tal to the base of  s t e m .  

Gunawardene ( 1 965 ) reporte d tha t  the ori enta t i on o f  trees  may 

affe c t  the devel opmen t  of lateral branche s on peach seedlings . In the 

ver t i c a l  tre e s , the lateral shoots developed first from the c e ntre of  

the sho ot and then progre ssively t owards the apex .  On  the other hand , 

the inverted  t r e e s  developed lateral shoots firstly from the c e ntre and 

then t owards the b a s e  of the stem . A f t e r  the trees were pla c e d  

hor i z ontally , shoo t  deve l opment star t e d  from the c e nt r e  and c ont inued 

further towards the b ase . 

2 . 4 . 4 .  Shoot p o s i t i on on outgrowth of  lateral buds 

Champa gnat ( 1 954 ) s tated  that a bud in the highe s t  position  

will  develop and d ominate the  growth of  o the r buds . There f ore buds on  

the arc he d  par t  o f  the  stem b e c ome the physiologically termin�l bud s .  

Wareing  and Nasr ( 1 96 1 ) trained shoots  i n  vari ous  pos i ti ons 

and s tudie d the l a t e ral growth in the following regi ons : 

( 1 )  the proximal r e g i on ,  between the root  and the summi t o f  the arc h , 

.( 2 )  the di stal r e g i o n , lying b e twe e n  the summit of the arc h  and the 

sub -ap i cal re gi on , and ( 3 )  the apical r e g i on which c ompri s e s  the api cal 

few c entimetres below the tip o f  the first year shoot . They found that 

the orientat i o n  of t he apical r e g i on of  the main stem affe c t s  very 

slightly the outgr o w th of lat e rals from the basal regi on . However , the 

ori entat i on of  the r emainder of the stem c ould affe c t  primar i ly the 

outgr owth of lat e r a l s . Outgrowth o c curr e d  primarily in the pr oximal 

re g i on where the s t e m  was arched f r om the ver t i cal posi t i o n . The 

stronge st lateral on  the arched part of the stem obtaine d an apical 

domi nanc e ,  the r e b y produ c i ng the greatest  growth . There f ore , the api c a l  

dominan c e  of t h e  t e rminal sho o t s  o f  the main stem i n  the a r c he d stem 

was lost . 

Ware ing and Nasr ( 1 96 1 ) repor t e d  that shoot growth i n  a 

willow loop was greatly reduc e d � the apical region and vi gorous shoots 

oc c urre d at the proximal region o f  the r o o ts . When the looping was 

roote d ,  shoot growth from the apic a l  regi on was equal t o  t ha t  of the 

ver t i c al tree s . The s e  re sults  were c onfirmed by Smith ard Ware ing ( 1 96 4 ) o 

Ware ing and Nasr ( 1 96 1 ) c on c lude d that the vigour o f  lateral 

outgr owth whic h  was greater i n  the arche d and hor i z ontal lat e rals was 

due t o  the following fac t ors : " ( 1 ) some me chanism i s  involved whereby 

nutrients  are diverted  to the hi ghe s t  upward dire c te d  mer i s t e m ,  ( 2 )  

other fac tors be i n g  equal proximi t y  o f  laterals t o  the r o o t s  appears 



1 2  

t o  c onfer an advantage . " 

2 . 4 . 5 .  The i n t e rac t i on  be tween api c al dominanc e and e f fe c t  o f  grav i t y  

T h e  outgrowth o f  sho o t s  var i e s  with the hor i z ontal o r  ve r t i c al 

o r i e ntat i on o f  the lat e rals t o  the ma i n  axi s o  I n  general apical d ominanc e 

i s  related t o  the outgr ow th o f  shoo t s  from earlier grown laterals in  

woody plants . Gravitati onal e ffe c t s  and apical  dominanc e may d e t e rmine 

the gro wth of lat e ral s ho o t s  on the ma in axi s . Ware ing and Nasr ( 1 96 1 ) 

i nv e s t i gat e d  the interac t i on betwe e n  api cal dominanc e and grav i t y  wi th 

apple , plum , and c herr y .  The y e xpe r i m e n t e d  with la t e ral shoo t s  t raine d  

i n  b oth hor i z on tal and ver t ical p os i t i ons . The hor i z ontal training of  

shoots re duc e d  growth more in  the  upper shoo t s  than i n  the lower  o ne s . 

When three l a t e rals wer e  trained horiz ontally the individual s h o o t  gr owth 

was similar . Apical dominanc e in t r e e  f orm was not found in Prunus 

spe c ies . H?weve r , when all the sh o o t s were t rained hor i z ontally 

di fferenc e s  i n  shoot growth were apparent . The upper  most sho o t s  ga ined 

apical dominanc e ,  and thereby achie v e d  the grea test  growth . The s e  workers  

c onc luded t ha t  when upper  most sho o t s  are oriented ve r t i cally the apical 

dominan c e  is fully mani fe st . Howeve r ,  when the uppe r  mos t sho o ts were 

t raine d hor i z o n tally and the sec onu la t e ral was t rained  verti cally , the 

s e c ond la t e ral now b e c ame a leadi�g sho o t  and aomina t e d  growt h .  Whe n  the 

first and s e c ond la te rals we re t ra i n e d  verti cally and the third  lateral 

was trained hori zontally , the gr owth o f  the third la t eral was greatly 

r e duc e d . The s e  c ondi t i ons s t imula t e d  growth i n  plums , but n o t  in  apple 

( Ware ing and N�s r , 1 96 1 ) . 

2 . 5 . Grav i t a t i o nal s t imulus 

2 . 5 . 1 .  R o ta t i on e f fe c t  

A c ommon phe nomenon i n  i nc lined shoots i s  the i nhibi t i on of  

buds on the  l ower side and promo t i on o f  buds  on the  upper  s i d e . This 

me c hanism is  n o t  ye t fully under s t o o d . 

The theory o f  bud inhi b i t i on ( Thimman , 1 937 ) b y  an auxin was 

sugge sted  b y  Ware ing anu Nasr ( 1 96 1 ) . They found tha t  t he inhib i t i o n of 

buds on the l ower side  of late rals was due t o  the transverse mi gra t i on 

of  auxin from the upper to the lower s i de o f  laterals under the 

gravi tat i o nal e f fec t . In horizon Lal shoot , · the gr owth subs tanc e might 

be unevenly d i s t ribu t e d  be tween the upper and lowe r s i de s  because  of 

the gravi ta t i onal e f f e c t . Buds on the under s i de are i nhi b i t e d  by a high 

c oncentra t i on o f  aux i n , whe reas growth of buds on t he upper s i de is 

induc e d  by  the l ow c o nc e ntrat i o n . 

Indire c t  e videnc e  for  bud inhi b i t i on b y  s ome growth sub s tanc e s  
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has b e e n  shown b y  r o t= t i o n expe r i me n t s . Halma ( 1 926 ) s tu d i e d  t h e  e f fe c t  

o f  grav i t y  on the b u d  inhi b i t i o n  i n  G h i n � s e  lemon ( C i tr u s  m e d i c a ) . 

Buds on t h e  lowe r s i de o f  hor i z o ntal l a t e ra l s  were n o t  i nh i b i t e d  b y  we e k l y  

r o t a t i o n s  o f  180 de gr e e s . 

�ull i n s  ( 1 964 , 1 965 a )  inv e s t i ga t e d  i n  apple r o o t s t o c k  Mal l i ng 

Crab C the inh i b i t i o n  o f  buds on the l o we r s i de o f  laterals b y  s p l i t t i ng 

them i n  t h e  hori zo n t a l  plane and ins e r t i ng a n o n-por ous plas t i c  ma t e r i a l  

whi c h  pr e v e n t e d  sub s t a n c e s  from migra t i ng b e twe e n  t h e  u p p e r  a n d  l ower 

s i de s . He found tha t t he r e  was n o  m i gra t i o n  o f  i nh i b i t or y  s u b s t a n c e s  fr om 

t he upper t o  the l o we r  s i de , � o  that all buds o n  b o t h  the l o we r  and upper 

s i de s c ou l d  pr oduc e l ong s h o o t s . On s h o o t s  s pl i t  v e r t i ca l l y  a l l  t he buds 

on t he l ower s i de r e ma i n e d  dorman t . He sugge s t e d  t ha t  the r e l e a s e  o f  a 

bud i nh i b i t or from t h e  lower s i de o f  t he v e r t i cally s p l i t  h o r i z o n tal 

la t e ra l  wa s n o t  due t o  trans l o c a t i on of s ome i nh i b i t or y  s ub s t a nc e s  under 

the e f fe c t  o f  gra v i t y . The s e  phe nome na were f ound by Mul l i n s  ( 1 96 4 )  � n  

fur t h e r  r o t a t i o n  e xpe r i ment s . H e  f o u n d  t ha t  there wa s n o  b u d  i nh i b i t i on 

on t h e  l ower s i de o f  la t e rals i n  th8 apple tre e s  wh i c h  were gr o wn 

hor i z o n t a l ly and r o t a t e d  1 80 de gre e s  e a c h  day s o  t ha t  the gra v i t y  e f fe c t  

was c ou nt e ra c t e d . S h o o t s  grew from the l ower s i de b u t  d i d  n o t  s h o w  any 

ge o t r o p i c  c urva t u r e s  and formed we l l-d e v e l o pe d  la t e ral s h o o t s  a l o ng the 

trunk . S h o o t s  from b o t h  the upper and l ow e r  s i de s  gre w  s yme t r i c a l l y . 

Howe v 0 r , S m i tl1 a�d War e i ng ( 19 64 ) repor t e d  tha t  t h e  s e para t i on 

of t he upper a n d  l owe r s i de s  by alum i n i um f o i l , i n  the h o r i z o n t a l  sho o t s  

o f  S a l i x  v im i na l i s , d i d  n o t  i nduce b u d  g r o w t h  on the l ower s i de w i t h i n  

12  da ys , a l t hough i n  t l� c on t r o l  90% b u d- br eak o c c urred dur i ng t ha t  t ime . 

2 . 5 . 2 .  Di s t r i bu t i o n o f  nu t r i e n t , a s s i m i la t e s , and e n z ym e s  

Few i nve s t i ga t ors hav e  s t u d i e d  t he e f fe c t  o f  grav i t y o n  t he 

d i s t r i bu t i on o f  nu t r i e n t and ass imi la t e s  i n  plant s . D i c k s o n  a n d  eamu e l s  

( 1 956 ) fo�nd that l o o p i n g  i n  apple r o o t s t o cks disrup t e d  the b a s i p e tal 

tran s p o r t  o f  32P f r o m  the leave s . N o o r b y  l 1 959 ) e xamined t h e  32P 
di s t r i bu t i on i n  t he l o op s  o f  b i r c h  b y  au t o radi ograph y . The h i gh l y  a c t i v e  

32 . P wa s p r e s e n t  i n  t h e  axi llary buds b e t w e e n  t he p o i nt o f  i n j e c t i on and 

the top of tho l o o p , but there wa s v e r y  l i t t l e  radi oac t i v i t y  p r e s e n t  in 

the s h o o t  api c a l  re g i on . Smi t h  and War e i ng ( 1 966 ) i n j e c t e d  32p in t he 

bas e  o f  the s t e m  a n d  e xam i ne d  i t s  r e d i s t r i bu t i on i n  b e n t  a n d  v e r t i c a l  

shoo t s  i n  s e e d l i n g  t r e e s  o f  B e t ula pu b e s c e ns . 32p was we l l  d i s t r i b u t e d  
in the a p e x  o f  la t e ra l s  a n d  t h e  l e a de r o n  t h e  ve r t i ca l  t r e e s . H o wever 

t he gre a t e s t  amount of 32P a c c umula t e d  i n  the apex o f  the la t e ra l  whi c h  

o c c up i e d  the h i ghe s t  po s i t i on o f  a p i c a l  domi nan c e  t hr ough b e n d i ng or 

arc h ing the s t e m . C a r l s o n  ( 1 962 ) f o u n d  the h i gher K c on t e n t  i n  t h e  leave s 
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o f  the t r e e s  grown i n  t he inve r t e d  p o s i t i o n  c ompared wi th the v e r t i cal 
in unbranched 1 - ye a r - o l d  N or t hern S p y ,  Red De li c i ous apple , Bar t l e t t  
pear , and _ S c hmidt c h e rry tre e s . 

Mika ( 1 96 9  b )  studied the e f fe c t  o f  grav i t y on the d i s tribu t i on 
f 1 4c · · 1 t · · t · 1 o -as s 1 m 1  a e s  1 n  he ac t 1ve , moderate y a c t i ve , and mature shoots 

o f  the apple var i e t y  J onathan on M IX and Bancroft on Ant onovka . Under 
t · th 1 0-c · · 1  t · 1 t 1 t d t th h t a c  1 v e  grow , -a s s 1 m1 a e s  we re ma 1 n  y rans oca e o e s o o  apex 

1 4 whe n C O? was app l i e d  on a single le a f . Ho�ever the r e  was a s l i ght 
diffe r e n c e  b e t we e n  the b e nt and v e r t i c a l  shoots . 1 4c-assimi la t e s , b e ing 
ac cumula t e d  in the ape x , di d not move down t o  the b e n t  ste m , whi l e  in 
the v e r t i c a l  tre e s  the 1 4c�ass imi late a c cumula t e d  c ompara t i v e l y  m ore in 

1 4 the lower s t e m  whe n c o2 was appli e d  t o  a s i ngle lea f .  Und e r  m o d e rate 
growth 1 4c -a s s i m i la t e s  mov e s  b oth in the d i re c t i on o f  the shoot apex and 
the r o o t  in the inve r t e d  tre e s . Howeve r ,  the 1 4c-assimilat e s  moved mainly 
into the sh o o t  apex in the inve r t e d  t r e e s  but ma inly were transported 
downward t o  the base o f  sho o t s  and r o o t s  i n  the ve r t i cal laterals and 
markedly h i gh a c t i v i t y  wa s c ount e d  i n  the r o o t s . In slowly grown and 
non-gr owing apple sh o o t s , the 1 4c -a s s i m i la t e s  moved down to the s t e m  and . .  
roots from the t re a t e d  leaf . The highe s t  c on c e nt rati ons of 1 4c -assimila t e s  
were f ound i n  t h e  b e n t  s e c t i on . The r o o t s  o f  the verti cal plant had muc h  
more a c t i vi t y than d i d  the b e n t  s t e m  i n  the tre e . 

Halma ( 1 926 ) found that the a c t iv i t y o f  catalase wa s gre a t e r  on 
the lower s i de o f  the hor i z ontal Chi n e s e  lemon ( Ci trus me d i c a ) . 

Ealmer and Halsall ( 1 96 9 )  found t ha t  GA s t i mula t e d  p o lar t ransport 
of 1 4c - IAA in the v e r t ical s�oot and re duc e d  the inhib i t ory e f f e c t  on 
polar t ransport i n  the hor izo ntal s h o o t . 

2 . 5 . 3 . Growth substan c e s  
Intensive work on g e o t r o p i s m  i n  c o le opt ile s a n d  hyp o c o tyls o f  

He lianthus has shown that lat e ral trans loca t i on of auxin p lays a 
sub s tantial r ole i n  the magni tude of  ge ot ropic r e sponse i n  the plant 
t i s sue s ( G i l le sp i e  and Bri egs , 1 96 1 ; G i lle spie and Thimann ,  1 96 3 ; 

G oldsm i t h  and Wi lkins , 1 964 ) . 
S e ve ral workers ( Lyon , 1 96 5 , 1 96 8 )  found b y  b i oassay that a 40 

to 6 0% rat i o  o f  auxi n  was pre s e n t  i n  the upper t o  lowe r  s i d e s  o f  s tems 
for g e o t ropic c urvature t o  o c c ur ; e . g . , i n  e p i c otyle of  Eha s e olus and 
Vic ia , and hyp o c o t yls of He lianthus and Lupinus . The 40-60 rat i o  o f  auxin 
c on t e nt us ing the r a d �o i s o t ope 14c -IAA appl i e d  t o  c orn c ol e o p t i l e s  
( Gille spie and Thimann , . 1 96 1 ; Goldsm i th and Wilkins , 1 96 4 )  wa s r e c ov e r e d  
i n  an agar b l o c k  f r o m  the uppe r  a n d  l ower halve s . Lyon ( 1 96 5 , 1 96 8 )  
obtained s imilar r e sults i n  i mma ture plant s  from a c lone o f  C oleus b lume i 
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Ben t h  u s i ng rad i oa s s a y  t e chn i que s on t i s sue s from c urve d s t e m s . 
I n  woody plant s grav i t y  may influ e n c e  the move m e n t  o f  auxin­

like sub s tanc e s  and i nhib i t ory subs tanc e s  from the upper t o  t h e  l ower 
side o f  horizontal la t erals . This e ff e c t  ha s b e e n  demonstra t e d  b y  
seve ral workers . 

Onaka ( 1 949 ) repor t e d  that the di ffu s i b l e  auxin c on t e n t  was 
two t o  f our t ime s hi gher i n  the lowe r  part than the upper par t of 
inc l i n e d  s t ems o f  P i nus thumb rigi i Parl . He used the �a · c ol e opt ile 
curva ture t e s t . 

N e c e ssany \ 1 958 ) s t u d i e d  t h e  prom o t or and inh1 b i t or substan c e s  
from the upper and l owe r s i d e  i n  the hor i z ontally growing branc h e s of 
Populus tremula L .  and Pinus s i lve s t r i s  L .  Ne c e ssany ( 1 95 8 )  assumed 
tha t  �- IAA wa s the ma j or growth sub s tanc e ,  although he d i d  n o t  i de n t i f y  
the o t he r  gro wth sub s tan c e s  a nd st imula t o r y  substanc e s  w e r e  abundant 
in the l ower s i de of the hor i z ontal whi l e  i nhibitory subs tanc e s  i n  
the uppe r s i de . 

We s t i n g  ( 1 960 , 1 96 2 ) i nve s t i ga t e d  the a s ymm e t r i c  d i s t r ibut i on 
of a sub s tanc e e xtrac t e d  w i t h  Salkowski r eagent i n  h o r i z ontally 
d i s plac e d  Eas t e r  whi t e  pine leaders . We s t ing found that an indole 
c omp ound other than lAA c ompr i s e d  60% of the total in the lower halv e s  
of  hori zontal leaders . T h e  appl i c a t i o n  o f  naphtha l e ne ac e t i c  a c i d  
pre v e n t e d  the transverse r e d i s tr ibut i o n .  

Growth sub s tanc e s  from bark and buds o n  the hor i z ontal and 
ve r t i c al s tems were c ompar e d , using the c ol e op t i le c yl i nd e r  t e s t  in 
e th e r  extra b t i o n  ( Ne wmann , 1 9 62 b ) . Ne wman n  ( 1 962 b )  found that t h e r e  
we r e  thr e e  pr omo t er s  at Rf . 0 . 1 -0 . 4  and t w o  inhi b i t ors a t  0 . 45 - 0 . 75 
and 0 . 8-0 . 95 in the hori z o n t al apple la t e rals . Leach and Ware ing 
( 1 96 7 )  found tha t the rat i o  o f  auxin c on t e nt on the upper and lower � 

s i d e s  i n  the d i s budded one year old hor i z on tal s t e m  was ab out 40 : 60 
for 1 4c - IAA i n  P opulus robus t a . Thi s  wa s c onfi rme d by b i oassa y  w i th 
the c omb ina t i o n  o f  oat me s o c o t yls and whe a t  c ol e op t i le s .  

An i nhi b i t or ,  probably ab s c i s i c  ac i d ,  wa s grea t e r  i n  the 
lower s ide of  P opulus robus t a ( L�ach and Ware ing , 1 96 7 ) and Blackcurrant 
by El-Antably ( Le a c h  and �ar e ing , 1 96 7 ) . B orkowska ( 1 973 ) f ound t w o  
i nh i b i t ors i den t i c al t o  phl o r i d z i n  a n d  ABA in the e x t rac t s  from bark 
and young sho o t s  of C or t land apple tre e s  kept in a horj z ontal p o s i t i on 
f o r  6 - 1 2 days dur i n g  bud bur s t . The phl o r i dzin c on t e n t  was h i gher i n  
t h e  upper s i d e  o f  t h e  sho o t s , whereas t h e  ABA c on t e n t  wa s t h e  same 
i n  the upper and lower s i de s .  

Le a c h  and Ware ing ( 1 96 7 )  found n o  differenc e s  i n  the 
g i b b e r e llin c on t e n t  of the uppe r and l o w e r  side of  the hor i z ontal 
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s t em o f  Populus r obusta , u s i n g  the le t t u c e  hypoc otyl a s say . 
H i llman ( 1 96 8 ) found that the gre a t e s t  c on t e n t  o f  1 4C -kine t i n  

a c cumula t e d  in t h e  buds of  t h e  upper s i de o f  the hor i z o ntal sho o t s  and 
the apex of a r c h e d  b ir c h  ( Be t ula pub e s c ens ) . On the o t h e r  hand 

t . t h 1 4c d . 14 1 4  32p h h t nu r l e n  s sue  a s  -a e n l ne , C -ure a , C - sucro s e , or -p asp a e 
were not d i s t r i b u t e d  d i ff e r e n t ially b e t we e n  the uppe r  and lower buds 
( Ware ing , 1 9 70 ) . 

Ka t o  and I t o  ( 1 96 2 ) s t udi e d  the phys i olog i c a l  func t i on of 
shoot growth i n  ve r t i ca l , h o r i z on tal , and inver t e d  sh o o t s ,  b y  
d e termi ning the auxin and g i b be r e llin-like s ubs tanc e s  i n  s e ve n- year-old 
M c i n t o s h  Re d apple tre e s .  They f ound that the auxin c ontent o f  the 
t e rm i nal bud of  v e r t i c a l  v e ge ta t i ve sho o t s  was grea t e r  than tha t for 
o ther treatment s . The auxin c on t e nt in h o r i z ontal s h o o t s  t e nded gradually 
t o  de c l i ne from 20th June to 1 0 th Augu s t  ( N orthern hemi sphe re ) and this 

I • t e nde n c y  was more acute in the inver t e d  s h o o t s .  No c hanges o f  auxln 
c ont e n t s  showe d in vert i c a l  sho o t s  up to 1 5t h  July but c onsiderable 
increas e s  o c c ur r e d  b e f ore the s e c ond f lush gr owth o f  t h e  shoots in the 
e arly part of Augus t .  

Ka t o  and I t o  ( 1 96 2 ) b i oassaye d the gibb e r e l l i n- l ike substan c e s  
i n  t h e  t erminal buds from v e r t i ca l , hor i z ontal , and i nv e r t e d  s h o o t s . 
The y f ound many more gibb e r e l l i n- like s u b s tanc es and l e s s  ant i - gi b b e r e .� · 
llins i n  the v i g or ous vert i c a l  shoots than t he hori z ontal one s .  The 
r e duc e d  growth o f  shoots , howe v e r , c on t a i n e d  only very small amoun t s  
o f  gibb e r e l l in-like sub stanc e s . C onsequently the re du c e d  growth o f  s h o o t s  
w a s  l ike ly t o  r e sult in le s s  quan t i t i e s  o f  the na t i v e  gibberell in-like 
s ub s tanc e s . 

Gunawardene ( 1 96 5 ) i_nve s t i ga t e d  gr owth sub s tanc e s  from t he 
leave s in the h o r i z ontal , i nv e r t e d ,  and v e r t i cal pea c h  tre e s  u s i ng the 
m e thod e i ther of tip e xc i s i on or an aluminium c ap on t h e  apex .  He found 
the a c t ive aux i n  level t o  be ar ound R f  0 . 5  and minor a c tive growth fac t or s  
around R f  0 . 87 .  Inhi b i t or s  were around Rf 0 . 62 . I n  t h e plant w i t h  
intac t apic e s ,  the a c t ive auxin l�vel w a s  m u c h  higher i n  t he upr i ght 
plan t s  c ompare d with the i nv e r t e d  plant s . I n · the hor i z ontal plant s the 
a c t i ve aux i n  l e v e l  was not de t e c t e d ,  but the inhib i t or y  c ompound e x i s t e d  
a t  R f  0 . 5 .  Howe v e r  there w a s  a m i nor a c t ive c ompound a t  0 . 25 in the 
hor i z ontal plan t s . In upr i ght plant s , the existenc e  of an inhib i t ory 
s ub s tanc e maske d the �inor a c t iv e  c omp ound a t  Rf 0 � 2 5 . I n  the a luminium 
c appe d plant the auxin c on t e n t  d i d  not show di ffere n c e s  be twe e n  the 
ver t i c a l , i nv e r t i cal , and hor i z o ntal tree • Howeve r ,  the auxin c on t e nt 
i n  the hor i z ontal t r e e s  t e nde d t o  be h i gher . In exc i s e d  shoots , 
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r e gardle ss of or i e nta t i on of sho o t s , the auxin c ontent was l o w  in all 
the t r e atment s . 

2 . 5 . 4 o Anat omy o f  wood and gravi t a t i onal e f f e c t  
Inte rna l s p e c i f i c  a c t i v i t i e s  or r e d i s tribu t i on o f  growth 

sub s tanc e s  under the gravi tat i onal st i mulus may hav e  a phys i ol o g i cal , 
chemi c a l , and ana t omi cal r o le in the i n c l i n e d  branc he s . The d i fferential 
camb i um ac t i v i t y  on the upper and lower s i d e s  of  the hor i z ontal laterals 
unde r the grav i t a t i onal e ff e c t i nduc e d  pr on ounc e d  d i ff e r e n t · c ha ra c t e r i s t i c s  
in the forma t i on o f  r e a c t i on wood in t h e  d i f f e r e nt spe c i e s  ( Pr i e s tley 
and T ong , 1 92 7 ) . A s  a c ommo n  phe nome non , c a mb i um a c t i v i t y  is gre a t e r  
in t h e  lowe r  s i d e  o f  the hor i z ontal lat eral in Gymnosperms , the re b y  
formi n g  reac tion w o o d , called c ompr e s s i on wood . On the o t h e r  hand , i n  
Angi o sp e rm reac t i on wood forms in the upper s i d e  of hori z ontal la t e rals 
and i s  c a lled t e n s i on wood . The forma t i on o f  reac t i on wood i s  : due to 
a ma j or phys i ol o g i c a l  func t i on o f  r e d i s t r i b u t i on of growth sub s tanc e s  
under t h e  gravi t a t i onal e f fe c t  ( Wardrop , 1 96 4 ; We st i ng , 1 96 5 ) . 

Several f o r e s t  r e s e a r c h  w orke rs have stud i e d  r e a c t i on wood 
because it has s e v e ra l  c omme r c ially und e r s i rable charac ter i s t i c s , e . g . , 
hard e r , de nser , weake r , or more b r i t t l e  tha n  the remainder of the wood . 
I t  i s  important t o  understand the me c hani sm of forma t i o n  o f  r e a c t i on 
wood i n  the inc l i ne d s t ems b e c ause phys i o l og i c a l  func t i ons i n  r e la t i on 

t o  ana t omic a l  and c he mi c a l  d i fferenc e s  a r e  c losely a s s o c iat e d  w i t h  
t he grav i ta t i onal e ffe c t . 

R e c e n t l y  War drop ( 1 964 ) r e v i e we d  l i t e rature p e r t a i n i n g  t o  
expe r i me n t s  on the r e a c t i on wood i n  A n g i o sperms and We s ting ( 1 96 5 ) has 
revi e we d  l i terature on c ompre s s i on wood i n  G ymno sperms . We s t ing 
d i s c u s s e d  b o th G ymnosperms and Angi osperms in r e lation t o  phys i ol o g i c a l  
phenomena , and c o nc lu d e d  that auxins are a c ruc ial fac t or i n  c on t r o l l i ng 
the phys i ol o g i c a l  func t ions whi c h  evoke the i n i t iati on and d i f f e r e n t i a t i o n  
as w e l l  as subse qu e n t  deve l opment and matur i t y  of the wo o d .  K o z l owski 
( 1 97 1 ) ha s also s ummar i z e d  reac t i on w o o d  b o t h  in Angi osperm and G ymno spe rm . 

A b r i e f  summary f or rea c t i on wood ( Wardrop , 1 964 ; We s t ing , 1 965 ; 

Kosl owski , 1 971 ) i s  a s  foll ows : 

2 . 5 . 4 . 1 . Compr e s s i on wood 
C ompre s s i o n wood differs from surr ound ing wood i n  that the 

trac he i ds are un i f ormly round , thick wal le d , and in many c a s e s have a 
30% r e duc t i on in d iame t er . �he trache i d  i s  surr ound e d  b y  i n t e r c e llular 
spac e s  c onta ining muc i laginous subs tanc e s  which li gn i fi e d . C ompre s sion 
wood c ontains 20 % l e s s  c e l lulose tha n  t h e  r e ma i ning wood and 
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whi c h  i s  l e s s  c rys talline . The non - c e llul o s i c  polysac chr i d e s  are 
s i m i lar to normal wood e x c e p t  for galac tan whi c h  is more than t wi c e  a s  
g r e a t  i n  c ompr e s s i on woo d . Ave rage l i gnin c o n t e n t  i s  2 8% h i gher i n  
c ompre s s i o n wood . Two-thirds o f  the t o tal l i gn i n  i n  t he w o o d  i s  depos i t e d  
i n  t he m i ddle lame lla and primary wa l l .  The l i gnin has s omewhat di f f e r e n t  
c he m i c al prope r t i e s  wi th f e w e r  methoxyl groups , al though the b a s i c  
ske l e tal s truc ture i s  n o t  di f f e re n t . Peroxidase ac t i v i t y  may be 
ne c e s sary to c o n t r o l  the l e v e l of auxin and the polyme r i za t i on of 
c oni f e r yl alc ohol t o  l i gn i n . 

2 . 5 . 4 . 2 .  T e n s i on wood 
The fo rma t i o n  of t e n s ion wood may b e  due t o  a l ow qua n t i t y  of 

auxi n  i n  the upper s i de of the inclined s t e m  in Angi o spe rms ( Cr onshaw 
and More y ,  1 965 ; Lea c h  and War e i ng , 1 96 7 ) . Ana t omi cal change s are 
appa r e n t  in t e n s i on wood wi th f e we r  and smalle r v e s s e l s  i n  r eac t i on 
wood . Ve s se l  d iame t e r s  i n  tange ntial and radial dir e c t i ons are l e s s . 
In the apple sho o t s  bent pendu l ously , there are fewer vessels and t h e s e  
are l e s s  porous than i n  the normal wood o f  upr i ght shoot ( Chr i s t o f e r i  
a n d  G i a c h i , 1 964 ) .  Average f i b r e  le ngth i s  usually gre a t e r  i n  t e n s i on 
wood . However , i n  Popu lus , f ib r e s  are shor t e r  t han i n  s om e  o ther s p e c i e s . 
The s e  d i f fe r e nc e s  are du e to a d i f f e r e n t ial radial gr owth o f  the 
s t e m , de pe nding on the e c c e ntr i c i t y o f  radial gr owth by the i nc rease d 
dura t i on or rate of divi s i on o f  the c amb ium . 

The c e ll wall i n  normal wood c onsi s t s  of  s 1 , s2 , and s3 laye r s . 
l n  t e n s i o n  wood the s e  are terme d the g e la t i nous layer and r e fe rre d t o  
a s  G 1 , G 2 , and G3 • I n  some c as e s  an addi t i ona l laye r G

4 
d e v e lops . The 

shape o f  the c e ll wa ll is de t e rmine d b y  the re plac ement o f  s2 and s3 
w i t h  the gela t inous layer i n  t e n s i on wood . The f i b r e s  w i t h i n  the G 
laye r s  c on s i s t  ma inly of c e llu l o s e , o r i e nt a t e d  alm o s t  para l l e l  t o  the 
fibre axi s  with fewer and smaller p i t  chamb ers and the c hane l s  are s l i t  
l ike . T h e  ba s i c  pat t ern o f  l i gn i f i c a t i on i s  t h e  same i n  the t e n s i on wo o d . 
Howe v e r , the amount of  l i gn i n  i n  the fibres o f  the whole c e ll wall i s  
l e s s  i n  the t e n s i on wood than n oi�al wood . T e n s i on wood l i gn i n  has a lower 
me th oxyl c o n t e nt and a lower ratio o f  syri ngyl to guaiac yl n u c le i . 
The m e c ha n i c a l  a s s o c iat i on o f  lignin with the o ther c e ll wall 
c ons t i t u e n t s  was di f f e r e n t  i n  re a c t i o n  wood . Tanni n c on t e n t  i s  h i gh 
i n  the upper s i de of  ho r i z ontal s t e m s  ( Sc urfi e l d and Wardr op , 1 962 ) . 
I n  t e ns i on wood the xylem on the upper s i de o f  hor i z ontal apple late ra l s  
was darkly s tained by tannin a c i d / ferr i c  c h l o r i de / s odium b i carbona t e , 
although the e xac t nature of the dark s ta i ni ng of the t e n s i o n  wood 
fibre wa lls is not c lear ( Mu l l i ns , 1 964 ) .  
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2 . 5 . 4 . 3 .  Phl oem 
A l though the bas i c  pa t t e r n  o f  anat o my i n  phl o e m  d e v e l opme nt 

on the upper and lowe r side of la t e rals does not change , rea c t i on 
phlo e m  o c c u r s  in s ome spe c i e s  r e sult ing in asymm e t r i c  phloem developme n t . 
This s p e c i al phl o e m  devel opme n t  i s  very c lear in Lagunaria pa t t ersoni i 
and P i t t o sporum undul taum but n o t  as appare n t  in Eu c a lyptus spp 
( Scur f i e l d  and Wardr op , 1 96 2 ) . - Furthermore i n  Eucalyptus spp , the normal 
s e quenc e of sieve tube s ,  c ompa n i o n  c e lls , parenc hyma c ontaining tannin 
laye r , and f i br e s  we re repor t e d  m ore often in the upper side of laterals . 
The thi c k  c e ll wa lls usually de v e l op i n  the upper layer of phl o e m  
� S cur f i e ld and Wardr op , 1 96 2 ) . 

Mullins ( 1 964 ) found that s i eve tub e s  in the upper � nd lower 
s i de o f  the hor i z ontal N orthern Spy apple s on M IX r o o t s t o ck d i d  not 
c hange . However the spec ial phl o e m  band deve lope d a s  s e c ondary phloem 
f ibre s o n - the upp er s i de of  la t e rals . Thi s  band o c curr e d  only i n  the 
bark o f  the uppe r  s i d e  of hori z on t al lat e rals . He f ound a preponderanc e  
o f  c r y s t a l s  i n  the phloem o f  the l ower side o f  hor i z ontal apple lat e ra l s . 

The ra t i o  o f  wo od t o  bark thickn e s s  ha s b e e n  rela t e d  t o  the 
d e gr e e  of dwarfn e s s  of  apple r o o t s t o cks . A smaller ra t i o  of bark and 
xylem in the s c i on s t e m  oc curs in vi gorous r o o t s t o c ks ( C olb y , 1 935 ; 
Beakbane , 1 952 ;  Mosse , 1 952 ) . McKenz i e ( 1 954 ) found t ha t  the r e  were very 
large d i f f e r e nc e s  in the bark p e r c e ntage o f  s h o o t s  and b ranche s , be twe e n  
v e r t i c a l  a n d  hor i z ontal tr e e s  e . g . , the bark pe r c e n ta ge tended t o  
i nc r e a s e  in stems of  the more i n c lined slow- growi ng tre e , and was 
c orrela t e d  with the slow grow th rate . Mullins ( 1 964 ) c onfirm e d  this 
r e sult i n  Lord Lamb ourne and C ox ' s  Orange on M IX , e . g . , the bark 
p er c e nt a g e  was l e s s  in the vi gorou s ly gr owing upright laterals a s  
c ompar e d  wi th t h e  sl ower growi ng p e ndulous laterals whi l e  a s l i ght e f f e c t  
o n  t o t a l  t h i ckne s s  exhibi t e d  i n  the horizontal la te rals . 

2 . 6 . The outgrowth of sho o t  and shoot growth ( Ap i c a l  d ominanc e ) 
The induc ti on of b ud ou t growth b y  b reaking the inhi b i t e d  gr owth 

has b e e n  di s cu s s e d  under apical d omina n c e  and c orre lat i v e  growt h .  
Disc u s s i on of the whole aspe c t  o f  api cal dominanc e i s  b e yond the sc ope 
of t h i s  s t udy.  

The t e r m  apical dominanc e  ha s seve ral meaning& and will be 
d e fine d i n  this the s i s  as foll ows : ' Apical dominanc e '  embo d i e s  the 
i nhib i t o ry influenc e o f  the apex o f  the domi nant shoot , or the apical 
part on the gr owth and ori e n ta t i on of la teral buds , branche s ,  leave s , 
rhi z ome s ,  and s t olons ( Phillips , 1 96 9 ) . ' Ap i c al c on t r o l ' sugge s t e d  by 
Br own , M c alpin , and Kormanik ( 1 96 7 )  i s  used t o  d e s c r i b e - the i n f luenc e 
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S pe c u lu t i v c  f l o v.' c h�t r t  re p r e ::; c r� t i r c  t :w i n t e cra t i or. b e t v  .. e e n  l.J i oc h e m i c a l  and 

!l l t y s i o l o c i c a l  p h c n ome tl<l in t i ; c  i".' ll O l e  f 'la n t . 

T h e  �,pL' C u la t i v e  f l o 1-1 c h a r t  i s  t o  n i r' a n  u n d e rs tan;.: i r. g o f  c e n e r a l  p r i n c i p l e s  

a t  t he l!"lolc c u l a r  l e v e l  o f  b i olocy o. s  t : .e y  l i nk l·.' i t h  phys i ol o f, i c a l  a n d  b i oc he mi c al 

p he n ome na .in t he 1 : h o l e  p lan � . . . , , . _ 

T h e  s p i ra l · s ym b o l l 3m re J >r � s e n  ts ' D1 a le c t 1 c  o� H e  ge l
_ 

s ph1 l o s <;>p h y  1·1h 1 c h  

c ou ld b e  i n t e rJ•re t e d  H i  t h  a ' ba la n c e  t he ory ' o f  t he ar: c 1 e n t  o r 1 c n t a l  pl1 1 l o s o p h y  ( Th e  

' YanB ' ( + )  a nd t he ' Um ' ( - ) ) a s  a p p li e d  t o  c a u s e  a n d
_

e f fe c t  i n  p lan t s .  

The c i rc l e  wh i c h  i s  d i v i d e d  e qually a nd 1 n  per fe c t  b a la n c e  r e p r e s e n t s  the 

' ba la n c e  t h e o r y ' w h i c h  a p pl i e s  t o  a b a la n c e d  me ta b ol i s m i n  pla n t s
_

n o t  on�y b e tween 

c ar b on ann n i t r o ge n  m e ta b o l i s � anc free and b o u n d  h o�mone me t a b o l 1 sm or 1 n  t h e mse lves 

but also b e t we e n  c a r b o n/ n i t r oge n a n d  hormone me t a b o l 1 sms . 
. . 

T he l ea v e s  a s s i m i la te c o2 fr o� the & t m o s ph� re b� t n e proc e s s  o � p h o t os�1the s 1 s  

a nd t h u s  SU J > p l y  c a r b o n  s ke le tons f o r  f u r t h e r  s y n t h e s 1 s  us 1 n g  w� t e r  e nd m 1 �e ra l e l e me n t s  

o b ta i n e d  s u c h  a s  ni t r o g e n  from t h e  s o i l  b y  the r o o t  s yste m .  Th1 s pr o c e s s  1 s  r e pre�e n�e d  

· v · .  1 b y  c a r b o n/n i t r o �en me tab o l i s m  f o rm i n g  b i o c he m i c a l  pa t h ways such as t he c 1 tr 1 c  
1 n  J." L I , o D 

• h l d .  t t h  
a c i d  .� yc le , pe n t o s e - p h o s p h a t e  shu � t , a nd t h e  �r �a

. 
c yc le win e � re �a 1 n {:;  o � 

s y n t he s i s  o f  a m i n o  a c i ds , and pur 1 n e s  a n d  pyr1 m 1 d 1 ne s ,  t he ba s 1 c  un1 t s  o f  p r o t e 1ns a n d  

n u c l e i c  ac i d s  r e spe c t i ve ly .  
T he u p p e r  c e n t r a l  s p i ra l  c i r c le r e p re s e n t s  t he d e ve l o pm e n t  a n d  d i re c t i on o f  

e ::t c i 1  mc t : t l.J o l j  c s t c 1 ·  : , c  t he c on s e q u e n c e  o f  r e c i pr o c a l  cause-e f fe c t  r e la t i on s h i p  in 
fee d ba c k  s y s t e ms . 

I n  :1 m o d e r n  c on c e p t  o f  p l a n t  phys l o l o g; , p l ::� n t  hormo n e s  a r e  p o s t u l a t e d  a s  
c o n t r o l l i n g  g r o v1 t h  u n d  d i f fc rc n t i :.t t i o n 1 •hc n omena s u c h  as a p i c a l  d om i na n c e ,  f l ow e r i n g ,  
d orma n c y ,  et n d  c c n c s c c n c e . 'T'he l e f t  u p p e r  s i J.e o f  t h e  c i r c l e  s y:nb o l  re pre s e n t s  a 
h o r mona l b a l a n c e  v1h i c h  i n t e ra c t -s  1·1 i  t l l  c a r b o n/ n i  t r or;e n metab o l i s m  t o  c on t r o l  plant 
growth a n d  d e v e l opme n t . 

I n  o r d e r  t o  k e e 11 a bal::t n c e d  s t a t e  o f  p l�n t  hormones t he r e  i s  an i n t e rac t i on 
b e t w e e n  not only J i f fe r e n t  1,letn t h o r r.1 0 n e s  ::tnd m e t a b o l i sm bu t a l n o  b e  tvJe e n  me t a b olism 
o r  c o n j u ga t e  forms o f  h o r m o n e s  as f o l l ows . P la n t  h o r m o n e s  a c t  a s  a b u f f e r  b e t we e n  
e x c e s s e s  a n d  de f i c i t s  o f  me t a b o l i t e s  i n  t h e  p r oc e s s  o f  Gr o w t h  a n d  d e v e l opme n t  and 
a c t i va t or.� of e n zyme s y c t c �::s .  I t  is \·te l l  k n own t l w t t here are :na ny k i n d s  of c on j u ga t e  
o r  b ound f o r .ns o f  h or m on e s .  I n  I A A  u n d  c a r b o n  :ne t a b o l i sm t h e  pre s e n c e  o f  IAA .i nd u c e s  
c on j uga t e s  o f  I A A  s u c h  a s  I A A - g luc ose 1 IAA -arab .i no s e , n. I ! ·.l I AA - i n o s i  t o l ,  a n d  i n  IAA 
a n d  n i t r o g e n  me t a b o l i s m ,  l A A - a s pa r t a t e , IAA -glu t a mn t e , a nd b ou n d  aux i n s , w h i c h  e x i st 
as I A A - pr o t e i �  a n d  a s c o r b i r;e n .  I t  i s  a l s o  p o ss i b l e  t ha t  I A A  may a l s o  be i n c o r porated 
in r -R N A , s R N A , and DNA . G i bbere l l i n s  and a b s c i s i �  a c i d f or;� r l yc o s i de s  i n  p l a n t  
t i ss u e s  w h i l e  c y t ok i n i n s  a r e  ee n e ra l ly G - sub s t i t u t e d  a d e n i ne rl c r i va t i ve s ,  p r e s e nt 
e i t h e r  a s  t he free b a s e  or w i t h a r i b o s e  mo i e t y  a t ta c hed to t he 9 - p os i t i o n .  The 
c y t ok i n i n  a c t i v i t y  is d e p e nd a n t  on b o t h  the s tr u c t ur e  o f  the m o l e c u la r  by t he 
s u b s t i t u t i o n  o f  s i d e - c h a i n  a n d  m o d i f i c a t i on of t l1e p u r i n e  r i n � ,  poss i b l y  gi v i n G an 
i m p o r t a n t  r o l e  i n  n uc le i c  a c i d  m e ta b o l i s m .  

P l a n t  c; r o \•.'t h  a n d  d e ve l o pme n t  J •r i ma r i l y d e p e nd on gene a c t i v i t y  a n d  p r o t e i n  
syn t he s i s ,  t h e e n d  r e s u l t be i ng e i t h e r  v e ge ta t i ve G r o 1-1 t h  or r e p r o d u c t i ve gr o w t h .  The 
lower pa r t  o f  the c ha r t  r e J · r e se n L s  p o ss i b le rela t i ::>r. s hi ps b e t we e n  nuc l e i c  a c i d  
s y n t he s i ti 1  p r o t e i n  syn t he s i s  a n d  h o r m o n a l  bet la n c e  i n  d i f f e re n t ia t i ng b e t we e n  t w o  

CK C A s c r i t i ca l  d e v e lOJ;tne nta.l s tage s �  A X s  l b s  a n d  A Xs 
C K s i n  t he r i c;h t  l o w e r  s i de i n  the 

s e c t i on of r e p r o duc t i v e  c; r o 1 : t h  sym h o l i :..: c n pn r t i c u l : l r  b:.t L l n c e d  q ua n t i t a t i v e  r e la t i on­
s h i p  b e t we e n  t l1e plant h o r mone s .  F o r  e xa mple t he r e la t i on s h i p  b e t wee n c y t ok i n i n s ,  

a u x i n s ,  a n d  i n h i b i t or s , a s  sy.nholizcd � i n d i c a t e s  t ha t  f l ower i n i t ia t i on c ou l d  

re q u i r e  a n  opt i mu m  q ua n t i t y  o f  c yt ok i n i n s  t o r; e t h e r  � i t h  m i n i mum quant i t y o f  IAA t o  
l e a d  t o  i n i t i ::� t i on o f  f l owe r i ng b u t  i nh i b i t or s  mu s t  b0 rea c t e d  i n  o r d e r  t o  su ppress 
c y t ok i n i n s ,  GA s , a n d  I A A , wh i c lt i n d u c e  �c ce t a t i v c  g r ow t h ,  a n d  to fav our f l ower 

i n i t i a t i on .  � i nd i c a t e s t l l:l t c y t ok i n .i n s a r c  i mpor t a n t  p l a n t  h o r m o n e  a t  the t i me 

o f  fl o w e r i nc; i n i t i a t i o n .  G i b b e r e l l i n ::;  t e n d  t o  i n h i h i t  f l owe r i nc; w h i l e  i n  c o n t ra s t  
v e g e  t a  t i  vc sro�1 t h  r e q u i r e s  ·· i h b e re l l i ns t o r;e t h e r  wi :: 11 n u  x i  n s  a n d  c y t ok i n i n s , 

re [ 're s e n t e d  a s  a r:t t i o  ��: GA s a n d  �-
'l'he f l o w  o f  p l a n t  h o rmone ::; i s  c l o s e l y  c ::>r r c la t e d  w i th t h e  me r i s t e ma t i c  

a c t i v i t y i n  t h e:  t i s s ue , where t l 1e ma j or i ty o f  pl:. n t  h o rm o n e s  s u c h  a s  <� ux i ns ,  c yt ok i n i ns ,  
a n d  g i bb e rc l l i n s :J I'C " r o d u c c d . 

I n h i h i  t o r e  c �t n  c i t hc r  s t o p  [;! ' 0 \·.> t l l o r  i n f l ue n c e  i t s d i re c t i o n  d e p e n d i n g on 
t h e  ra t i o  o f  o t h · : r  h o r m o n e s .  
A Xs A ux � n s ,  G A s  = G i b h e re l l i n s ,  C K s  = c y t ok i n i n s ,  T b s  = l n lt i b i  t ors , 

!\ b A  A h s c .i s i c  a c i · l , un = a ::; y e t  un .i. d c n t i f i •: d ! 'l : m t h o r m o n ( ' s  
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P E R I O D  O F  J U V E N I L E  P H A S E  

ontogene s i s  

F I R S T (15)  Y O U N G  
S E E D L I N G  F LO W E R I N G  

Juvenile hormone = 

Large ratio of 

Auxins/Gibberellin•/ 

Cytokinins/lnhibiton 

(10 ) 
i i .  

J i i i .  

u iv . 
V ,  V v i .  

v i i .  
v i i i .  E ix . 

x .  

A 

i .  

l i i .  
i i i . I i v· .  

v .  

T v i .  
v i i .  

V v i i i .  

i x .  

Malus sikkimensis 
BTOA 
TIBA 

X-rays and 
etiolation 

Severe pruning 
Shade condition 
Poor nutrition 
V igorous root-

stocks 
Juvenile ., 

root-stocks f 
.. 0 .� 

: 

F ig .  2 .  

Characteristics Juvenile( 1 2 )  Adult ( 1 3 )  
Leaf shape Lobed Lanceolate 
Phy llotax i s  2 1 2  2 / 5  
Growth habit Plagiotropic Orthotropic 
Thorniness Present Absent 
Vein islets Sparse Dense 
Stomata Lower side Both sides 
Pigment Present Absent 
Pericyclic 

fibr es L i t t le Much 
Lignificat ion L i t tle Much 
Rooting cap . I:asy Difficult 
Growth rate Higher Lo"'er 
flowering Inability Ability 

Leaf retention Total sugar , 
Cold !":lardiness Starc h ,  Protein 
Res. of Insect Mineral element 

,/A p i c a l  
/m e ristem 
I I H i stone repres s ion ' I 
' C h romosome ' • lr ' 

' F l o ra I- R N A Adu lt-RNA '.. �-- ·- . . 
rep res s io n  "'··-··· .. �ote i n  synthe s i s  

'\, 
C h ro m o so m e  \ fl ore l 

... \ P rote i n  

Ju veni le- R N A  : synthesis 

� 

i .  
i i .  

i i i .  

i v .  
v .  

v i .  
v i ! .  

v i i i .  
i x .  

x .  

L 
i i .  

i i i .  

i v .  

Adult hormone = 
small ratio of 
Auxins/Gibberellins/ 
Cytokinins/inhibiton 

Floral hormone = 

Optimum ratio of 

Auxins/Gibberellins/ 

Cytokinins/lnhibiton 

for flower initiation 

(11 , 

stocks 
Non-pruning F Bending 
Ringing 
Growt h  l retardants 
TIBA 0 MH 
Cytokinins 
Opt imum ·w nitrogen 

E 
Shade R High night 

temperature 
Severe I pruning 
Gibberellin N High nitrogen 
Over cropping 
Water de tiel t G Cont inuous 

rain 

S P E C U LAT I V E  S C H E M E O F  J UV E N I L ITY · 
AN D F LOW E R I N G 



Fi3. 2 .  Sp� c u l a t i • �  ech�me o r  Ju •� n i l i ty a n d  
How�rin15. • 

I .  I n t rod u c t i on 

,r�� t h� aur••Y o �  ju•e n il 1 t y a n �  eome •iewpoin t a  o r  
r l oweri n v  i n  •oo� y pl a n t � ,  a e�e c u l a t i • e  scheme l i nk •  
i n �  juYeni l i t :  A n d  floweri n R  h a a  bren d e • i eed i n  e n  
8 temot to eu�me r iae t h e  i s sues ra i s e �  e nd t o  ore a e n t  
an i n t e v.rated conc e p t . 

1 . 1  .1 

��e d s  prod u c e d  by t h� a � u l t pl � n t  c on t a i n  •e rioua 
reaer•e ma t e r i a l s which e re a•ailable to the p l a n t  
d �rinR �ermi n a t ion and t h e  e a rly e t a �e a  o r  p l a n t  v.ro­
t� when ep� c i e l  juYeni le c h a ra c t e r �  a r� pree�n t .  
� 'en t h e  seed rer•i n e t e e , roo t s  d e • � l op by u ein� t h e  
supply o f  re eer•e foo� e from t h e  c o t yled o n s ,  a n d  t he 
prod u c t s  of t h e  embryon i c  a o i c e l  � e r i e t e m .  These 
� e• e l opinR roo t s  ab sorb mi n e ra l  n u t r i e n t s  and wa t e r ,  
wh i c h  a r e  eu � p l i e d  t o  t he a p i c a l  me r i a t e m ,  c o tyle­
� on e ,  new l e a •e e ,  and o t hrr oa r t e  of t he p l a n t  ( 2 ) .  
The root i s  on� si te 'or t he syn t h e s i s  o r  asino 
a c i � a ,  prote i n & , RN A ,  and �rowth au b a t a n c e e  su c h  ea 
gibbe r� l l i n ,  c y t okinin e ,  and o t her shoot Rrowth 
eubetan e e e . In a numb�r or a l k a l o i d  c o n t a inin� 
plr.n t a  t he a , l! l! l o i d  or i h  immed i to t e  p recuraol' ill 
PI'Oduced in t h e  roo t s .  Thf func t i on o r  the roo t may 
be dependent on , or be i n f l u e n c e d  by , t h e  translo­
c a t i on rl'om the shoot o r  me t a bol i t e a  su c h  a s  the 
I!Uflll r s  and the B Yi t a mi n e .  The fr1 n c t i on o r  ru t a ­
bo l i sm i n  the roots ( 6 )  o r  a e e d l i n � s  o r  ju•e n i l e  
roo t s t o c k  me • d i f fe r  a s  compared w i t h  t h a t o r  clonal 
Yari e t i e s .  Some prod uc t s  from t h e  j u •e n i l �  roo t ­
s t o c k  o r  ae�d l i n v.  r n o t e  m a y  a f fec t  t h e  a b i l i ty o f  
the aoical me r i a t e m  t o  m � i n t a i n  i t a  j u Ye n i l e  c h a r ­
ac t e r .  �a a p l a n t  rrow � ,  t h �  �� �r�e o f  r�soonae t o  
prcd uc t s  f r o m  roo t �  b y  t h� a�i c a l  m� r i a t em �a y b e  
d e p e n � e n t  o n  t h e  � m o u n t  o f  nrod uc t a  r� c r i •ed from 
the root a ,  �ue t o  t he e oaol e x i t �  o •  t hr bran c h  eye­
tea s ,  wh i c h  repre �e n t a  a remo t e n e � �  f r o m  the r n o t a .  

T h e  d i f fere n t i a t e d  ju•e n i l e  l e � •e a  in t h �  api c a l  
ae ri atea mani f e s t  and mai nt a i n  a j u •� n i l e  c h a ra c t e r  
i n  t he l e � r  f un c t i o n  ( 7  � A )  a s  shown i n  Fi� . 2 .  
The a� j u •eni l e  leAY� S ( A )  and o t h e r  pa r t a  o f  the p l a n t  
(2)  a n �  t r u n k  ( � )  and roo t s  ( 6 )  in t h �  j u •enile p h a se 
may prod u c e  t he " juYenlle hor•one" w h i c h  comprises a 
l a r Re �Ad i e n t  of auxin a/v.ibb�re l l in - l i ke subs t a n c e s /  
CTtokini n a .  I n  �ac t ,  t h �  d e Y� l �pme n t  o r  the pla nt la 
c o n t rolled by th� i n t e n c t l on o f'  a u x i n e ,  p:ibbere l l i n e ,  
c y t okinina , i n h i b i t or s ,  and nu t r i en t s  w i t h  one ano­
t h e r  ( " i t ach a n d  N i t ac h ,  1 9�?a & b ) . I n  plant hor­
mo�e a ,  a r i �e o r  fall i n  concen t ra t i o n  or one a f f�c t a  
t h e  reaponae c a u s e d  by the o t h e r s  ( •an O•erb�ek , 
1��6 ) . Th�re f'ore , for t h e  d � • e l opme n t  o f  t h �  ju•en-
11. •  phase in a plan t ,  optii!IUm r!l t i o a  of a u x in a to 
�-bbere l l i n a ,  auxin& to cyt okin in a ,  and gibbe rel l i n &  
to c ytokinin& are re quired . I n  t h e  juYe n i l e  phase 
t h e se optii!IUm r a t ios arr such as t o  prod uc� a l a rv,e 
� �d ien t of a u x i n a/�ibb e r e l l i n -l ik� aub e t an c e e/c y t o ­
ki � i n e . I n  o t h e r  word s ,  t he j u • � n i l e  hormone a n d  
o t h e r  met abol i t ie e ,  whi c h  are prod u c e d  in the j uYenile 
lea•ee ( R )  and o t h e r  pl�nt parts ( 2 ,  � � 6 ) ,  a re 

· t ra n e f�rred t o  t h e  a p i c a l  meri a t e m  ( 1 )  in which the 
d i ' feren tia t i on of the OrRa n e  takes pl a c � , t h e reby 
man i f � e t i n �  the ju •en i l �  c h a ra c t � r i e t i c a  in th� 
ju..- � n i l e  phs ae . 

1 . 1 .2 Api c a l  ae r i e t e m  ( 1 )  
The apical •e r i a t e� i s  shown i� t h e  c � n t re o r  Fi g .  2 .  
The dot ted l i n e  i n  the c�ntre d i at i n �u i a h e a  b e t we�n t h e  
a p i c a l  llle r i e t e m  o f  t he j u •�nile and a d u l t  e t a p:� a ,  
re11reaen t i n R  a turn "on" and " o f f'" o r  p:e ne a c t i on t o  
produce prot e i n  syn t h e s i s  need�d in e a c h  �ro w t h  phase . 
It ia reason a b l e  to aasum� t h � t the a p i c a l  m� r i s t e m a  
di ffer in e a c h  s t a re . I n  t h e  j u v� n i l e  a t e �e t h� " j u ­
•e nile hormone "  in t h i s  .. � ri e t r m  a s  shown i n  l � ft aid� 
Of t he d ot t e d  l i n �  ma � BU'Pp re � �  pro� u � t i on o f  th ose 
h i atone a whi c �  in t u rn eu npre s e  prod u c t i o n  o r  " j uv e n i l e ­
� " "  n e e d e d  i n  the juv�n l l r s t a r., o r  � r o w t h  t o  i n i t i a t �  
the d i f feren t ia t ion or j u Yen i l e l ., a .� a .  There fore , t h �  
apical me r i a t e a a  a c �  o s  a ��:�nc i e s  for th� d i f fe r�n t i a t ion 
o f  or�a n a  and th� syn t h e s i s  or aom� prod u c t s  i n c l u d i n �  
�owth substa n c e s , � � r i ved f r o m  n u t r i en t s ; and a a  r�­
ceiYinp: a renc l � e  for t h G  compl e x  o f  �row t h  su b s t a n c e s  
fro• roo t , l e a •e a ,  shoo t s ,  a n d  o t h e r  pla n t  pa rt e .  Thi s 
'Proc e s s  or d i f f� rent i a t ion in t h �  api c a l  m�ri a t � m  i s  
a ff.e t e d  both by the prod u c t s  me n t ioned a bove a n d  by the 
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prod u c t s  from the apical m e r i atem it sel f ,  thus eom• 
p l � man t i np: gene ac t ion . The feedback aY a t ea bet ween 
the a p i c a l  m e r i e t e m a  ( 1 ) ,  and the o t her pa r t e  of the 
p l a n t s  ( 2 ,  ' •  1, , 5, f, and 11) prod uces a eyat11111 of 
r e c i procal c a u se and e ff e c t  rela t i on sh i ps in t h e  pro­
c e s s  of the p l a n t  deYelnp•e n t  towards the adv l t  ata�e . 
Th i s  is i l lu s t ra te d  by t h� cause and e f fec t rel a tion• 
ship b e tween t he fiYe lobed ju•en i l e  leaf ( 8 ) , o t her 
pa r t e  of p l a n t  ( 2 ) , and the root fun c t i on ( 6 )  w h i c h  
opera te y i a  t h e  a p i c a l  m� r i a t em . ( 1 ) .  

1 .1 .3 JuT� n i l �  zone ( J  and 6 )  

Th� j u• � n i l �  zone in tr�ea re fe r s  t o  t h a t  pa r t  o f  the 
t runk n�ar the ground , t he oldest limb , and t he root 
zone , wh�re apha.,roblaat e ,  eplcor•ic e ,  and adTen t i t i ou a  
buds on a root c a n  be produc e d . The la t t e r  ha•e aoae 
j u Y e n i l e  c ha ra c teriat i c s .  Epicor• i c a  a r e  a c tu a l ly bud a 
w h i c h  haYe not eprout�d in youn� aeed l l n �a , pos s i b ly 
d u e  t o  a p i c a l  d ominaoce a t  an � a r l y  ae.,d l i n g  e t a �� and 
to the a c c umul a t ion of aom� i n h i b i t or s .  T�ere fore , 
the apic a l  meriatem or eplcormi c a ,  rros wh i c h  the d o r ·  
•an t  bud s a r e  sprouted a t  t he adult s t a ge ,  l a  phyalo• 
logically you n g ,  being similar to apical aerlet eaa in 
the youn� seed l ings , but la c h ronologi c a l l y  old . 
Sphaerob l a a t a  origina te fro• true adYe n t i t love buda 
w h ic h  ha•� a property or a jv•en ile chara c t e r  in onto­
Ren� a i a .  The �bola root ayetem o f  seed l in g• can be 
a e eu�d to be a j u •enil� zon e , btcauae ad•en t i t ioua 
bud 11 OC C il r o  

1 .1 • 4 Fac t or s  a f fe c t in15 t h e  dura t i on o f  junn i l i tz ( 10)  
1 .  1. 4.  1 Shorten ing o r  the ju nalle phase 

Th� feed back system between the apical aerl ateaa 
and o t he r  pa r t s  o r  th� plant such a a  j u •e n i l e  lea•ea , 
root s and e h o o t a  is main t a ined durin� t h e  .j u Ye n l le 
p h a se . T h i s  fe edback system aay b� a c c e lerated by 
some biochemical changes t hrou�h eo•• c on t r o l  .. aaure 
in some spe c ie s .  The juTeoile phase , t h � re fore , can 
b" ehorten�d by li�ht con t rol , low t e111pe ra t u re a ,  the 
u se or d wa r fin � roo t st o c k s  or apo•ic tlc see d l i ngs fro• 
Ma l u s  eikkl•� n a i a ,  b�nzothiazole-2-oxya c e t a t e ,  t � i i od o­
benZOic a c id , n on-prunin � ,  applicat ion o f  f e r t i l laera , 
b�n d i n �  a n d  r i n g i n g .  The e f fe c t  ••riea a c c o r d i n g  to 
t he spec i e s  and i n t � n a i t y  o r  juYenll l t y .  

1 . 1 . 4 2 Re n r a ion o r  lenst h e n i o!!!i o r  t h e  Ju•enile 
phase 

Re •� raion from the adul t t o  the j u •�n i le e t age 
can b� aad e  by u s ing h i gh tempera t u re s ,  c o l d  trea t•en t ,  
X - ray , � t iola t io n ,  ju•e n i l e  roo t s t oc k s ,  eeYere pru n i n g ,  
and appl ic a t io n  o f  �ibber e l l i n  in certain spe c i e s .  Len­
� t h �nlng o r  t h e  ju•e n i l�phaa� can be induced by shade 
cond i t ion s ,  poor n u t r i t i on and •lgoroua roo t a toc k a .  

1 .2 The rela t ionahi be tw�eo the lea! ro o t  a ieal 
me r i e t e •  and adu t zone in the adult ant 

R gh t hand ald e o f  Fi5. 

Between t he onaet o r  d i f ferent i a t i on a t  t h e  e•bryonie 
e t a ��:e and the adul t stage , at which flower bud foraa t lon 
can be ini t ia t e d , th� apical •� rlsteaa t lc c e l l a  d iY ide 
rep� a t ed l y . Biocheaical chan�ee may take place in t he 
apical merlatea durin� t h i s  period . Be fore the �ee 
reac h e s  a gi•en size as an adul t ,  we aay a a eu•e that 
co•pl i ca ted • � t aboll tea e ri a t  in the whole plant between 
t h e  ju•eni l e  and adult s t a ge s .  For exa•pl e ,  carbohy­
d r a te s ,  n i t ro�noua co•pound a ,  and eo•e gro w t h  aubatan ce •  
a a y  be s yn t he s i sed a n d  ac cumulated in t he o t he r  plant 
pa r t e  ( 4 )  a ft � r  repeated c y c l e s  of aeaaonal c hange , 
thereby �radua l ly c h a n gin� t he •ode of a c t i o n  of d i ff­
� r � n t i a t ion in the apical •e rlate•a ( 1 } .  The se phase 
c ha n � e a  aay be d ue to �ra d i e n t a  o f  auxin/gi bbere l l in­
l ike auba t a n c e a/cy t okini n a/i n h i b i t or a ,  and nu t ri e n t s .  
Ther� rore w �  m a y  d e fine t h e  "adult hor��o�,te" a s  a sma l l  
�ra d i � n t  o r  auxlna/gibb� r � l l ln-llke auba�anc e a/c y t okinin a  
w h i c h  wi l l  roa i n t a in t h e  a d u l t  phase ,  in co n t r a a t  t o  t he 
la rg� �ra d i e n t  requ ir�d to ma i n t a i n  the j u • e n i l e  pba ae . 
T h i s  "hormone" would inhibit th� ayn t heaia o f  t hoa� 
h i a t on e a  which suppress the prod u c t ion o! " ad u l t -RJU" , 
or at l � a e t  wou l d  inhibit th" ayo t he a l s  of t hoae fac -­
t o rs whic h i n d i r e c t l y  su ppre s s  "ad u l t - RNA" prod u c t ion , 
a s  shown in t h e  e n t i re l a nceola t e  adul t lea f ( 9 )  and 
a p i c a l  m " r i a t e m  ( 1 )  in right aide of t h e  d o t t e d  line . 
The a d u l t -RNA aynt h� si s� s  pro t e i n s  which ar� n 9 e d ed t o  
d i f feren t ia t �  t he ad u l t  l e a Y e a  i n  the a p i c a l  merlate• . 



T�� conc�pt o �  fee d ba c k  svetem men t ' on�d in t he ju•eni l e  
pt a ee fit e t h� ad u l t  stave , con t inuou s l �  prod u c i n �  a eys­
t�m of rec i proca l cau�e and � f f�c t  re l a t i on sh ip� . 

1 , 2 . 1 ,  Adu l t r.onP ( c rown o f  t re � )  ( <. )  
\ !1  " t re,. bf' come " o l d �r ,  t h e  b ranch systems be­

c ome more c ompl e x .  Renc e ,  t h ere � .. v ., l o p a  a c ompe t i t ion 
for nu t rien t s ,  apical �omi n a n c e  ie reduc�d or lost and 
�e o t ropic e f 'e c t a  are lo�t in t he c rown o r  t ref's ( <. ) , 
�� the tree ��owe t a l l f' r  t he roots bec ome mor� remote , 
The re fore , t h e  � i a t r i b u t ion o f  �etabolic oroduc t s  and 
m1 n ere1nu t r i f' n t s  � b sorbe� from th .. roo t s  ( � 1  ma� he 
d i f fer�nt f rom one no� i t i on o n  th� o l A n t  to • �o t h � r ,  
lnc l u d i n �  a o i c a 1  m�ri s t e m s ,  � e  m a v  a a,.ume t h• t  a re­
eoonse o '  root t o  the anical  me r i s t em A  i s  di ffere n t  
in the adul t a t a �e i n  which roo t. �  A r e  more r�mot� from 
t he apic a l  m e ri ate�e than in t h �  j u ve n i l e  s t a ve when 
th� aoical meristem" a re c l o�e to t he roo t s .  

Pru n t n �  i n  t he c rown " o f  t re � s  renews the a �e� branch�s 
an� c � n sequ e n t l y  c h �' n �e "'  the re qu ired d i st ribution o f  
nutrie n t ,. ,  Th i e  i "'  s i m i l A r  t o  �ra f t i n �  a n  old bud on 
a root stock becau se t he o l d  bud Cl'n �row Y i�orou s l y ,  
a l t hou�h a n  adul t s t a ve is ma i n t a ined , 

1 , 2 . 2 .  rl owe ring ( 1 1 )  

f n  t h p  a � u l t eta �� . we m�f' t th� furt h�r prO-
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phy l l o t a x i s ,  ana t omi c a l  c ha n ge s ,  c hemical a n d  bio­
c he m i c a l  c han�e s ,  prod u c t ion of p i gme n t , lea f re ten­
t i on i n  wi n te r ,  plagi o t ro p i c  growt h ,  easy- t o - root 
prope r t ie s ,  grea t�r growt h  rate and t h orn i n e ss . I t  
ia impo asi b l �  to fin� o r  d � fine c h a racteristics 
wh i ch a p p l y  to  a l l  spec i e s .  Ro•e•e r ,  in some apeci�a,  
some d i f fe re n c e s  can be fo�nd be tw�en the ju•enile 
and adu l t  stage s .  Th��e are •hown und�r t he ju•e nile 
( 1 2 )  and adult ( 1 3 )  c h arac t e ri st i c s  in Fig .  2. The 
d e n s i t y  Of Yein i sl e t s ,  the nv•b�r o f  Yesse l s  and 
stoma t a ,  l e a f  t h i e kn� ss , th� number of pericyelic 
fibre s , l i �n i ficat ion , the conte n t s of total sugar ,  
s t a rc h ,  p r o t e i n , and  mineral el�m� nt a ,  t he RNA/DNA 
r a t i o ,  and c a t a lase a e t i Yi t y  increase in t he adult  
e t a �e in aom� sp� c ie a .  

Fi n a l l y ,  ·� may assume t h a t  the e� chara c t e r i s t i c s  
resu l t  from t h e  di ffe r e n t i a t ion o c c u r r i n g  in apica l 
mer i s t ems , in wh ich t h e  e o -ord ina t i o n  o f  gen� func­
t i on w i t h  biochemical change s  plays a ma jor role , 
bringin� a bout a phas� change in t he ontogensis o r  
woody p l a n t s .  

I t  wi l l b �  obY iou s from t he aboYe accou n t  a n d  a atudy 
o r the a c c ompanying d iagra� t hat we haYe a l ong way to 
go in t he at t�mpt to red uce t he physiol ogical and 
bioch�mical explana t ion o f  ju•en i l i ty to simple 
factor a .  

bl�m o r  t h e  � e �r�e o �  flow�r i n i t i � t ion . Other factors 
ar� requir�d t o  induc� fl owe r i n �  in a t r�� . A l t hough the 
c rown o f  a t re� i s  an adu l t  zon� ( � ) ,  flowe rin� wi l l  not 
a l wa,a occu r ,  A s  an � x t re me exampl� , a c � r t a in per iod 
mu�t elapse betw��n Yeg� t a t i•� grow t h  and • i gorou s 
flow� rin�, when t he sc ion of a c l nnal  Yari e t y i s  gra ft ed • The number i n  bra c k e t s  i s  ahown in F i g .  2 ,  
on a Yi �orous  root stoc k .  Th�re fore , we may d� fi n e t h i s  
r� riod as " t h� c l onal juve n i l �  pha se" . 

T he i n i t i a t ion o r  flow�r bud forma t i on in the a p i c a l  m� ri­
f t�m i s  a phenom�non in•ol • i n g  the t�rmi n a t i on of th� 
"rowth o f  veg� ta t i •� shoo t s  or a"u r ,. ,  al though t h�re are 
a mixe� flow�r bud s in some apec i� a .  This i n i t ia t ion 
ef f l ow-r bud forma t ion in th� anical mf' r i a t �� ( 1 )  may be 
I'"OYern�� by a " flora l hormon� " .  This may b� an optimum 
r radient o f  a u x i n s /�ibbere l l i n - l ik� substa n c � a/c ytok i n i n s  
w h i c h  ma, t n hibit  t h e  svn th � s i s  o f  t hose h i stonP s wh ich 
auppr�s" t h e  produc t i on o f  " fl oral-llN A "  ( 1 )  with which 
orot�in syn t h � a i a  tak�a p l a c �  i n  or� e r  t o  i n i t i a t e  
f l ow� r i n r  i n  t h e  arlu l t  at a �e .  

1 , 2 . 2 . 1  rac t ora a f �� c t i ng the promo tion or 
flowHing. 

The de �re e  or fl owe rin � i n  t he arl u l t  a t a �e of 
t r� e a  d e n � n d s  more or l e a s  on t hP spu r s ,  shoot s ,  or 
bra nc hes bein� ooa i t i on�d in th� tre�s eo as to ma i n t a i n  
t he ort imum �ra rl i� n t  o f  a u x i n s/l'"ibh� r e l l i n - l ike �ubstances/ 
e vt o�inin a an� n u t ri�n t a ,  ! n  suc h a way ,  ther� a r� many 
f�c t ora w h i ch c o n t rol an� promo t �  ' l owe r i n g  in t he a rl u l t  
s t a re . Envi ronmenta l f� c t or s  !IUC h a s  tempe ratur� , l ight 
and prec i pi t a t ion a re import a n t , For �xamp l � ,  h i �h 
t emp�rature a t  n igh t d u r i n g  t he i n i t ia t ion o f  flow� ring 
i nhib i t s  f l ow�ri n �  in appl e . PrA c t i c a l  mea sures such 
a a  i) th� applica t ion o r  vrow t h  r e t ardant s ,  mal �i c  
hydrazirl e ,  t r i i od obenzoie ac i� , benzothiazole-2-oxya c�­
t a t � , xan t h in ,  and u ra c i l , i i )  t h �  appl i c a t ion o f  n i t ro ;.e n  
r�rt i lizera and irri�ation , i i i )  pru n i n � ,  inc l u d in g  r ing­
i n g ,  notc h i n v ,  bendin� b r a n c h � s  downward , p i n c h i n �  grow­
in� ahoo t a  be for� the i n i t i a t ion of flowe r i n g ,  and i Y )  
t�e e f f� e t  o f  c rop0 i n g ; may all  a f f� c t  flowering.  

1 , ? , } ,  D� fin i t ion o f  juve ni l i ty ( 1 6 )  

The cur•ed s r ro• ( 1 � )  i n  F i � .  ? repre�e n t s  the 
pro�resa of s nl�nt from t h� you n �  aeed l i n �  ( 1 4 1  to th� 
fi r s t  flowe ring ( 1 5 ) . This c l ockwise mov�m�nt on th� 
dis rrsm from • h� !IP�d l i n v  t o  t h e f 'irst flow� r i n �  i e  
brnurht a bout b y  �r,.rlual  e h a n �e s  i n  di � f� r e n t i a t ion 
in t he a n i c s l  m�ri a t � ms { 1 )  ind ieat inr. the feed ba c k  
s Y e t e m  in t he whol� plA n t .  T n  wood y plan t s  t he r e  sr� 
mA ny morphol o�i c A l  enrl phyai o l o v. i c a 1  c h s n ��e d u r i n �  
t h i s p� r i od o f  on t o ��n�si !l ,  T n  t h� conc@ot  o f  
ree d i ne �s - t o - 'low� r ,  w e  � � f1 ne t h e  l � n v. t h  o f  t h e  j u ­
Ye n i l �  pha �� i n  wood� pl � n t s  a s  t h A t  p e r t od rrom t h �  
�oun� s�e d l i n v  to t h e  f i r s t  fl owe r i n v .  Th�re fore , 
" t rue juYPn i l i t y" in woorl � pl A n t s  can b� � e fi ned sa 
t h �  chara e t er i a t t c s  or� s� n t  d u r i n v.  t � i �  t i me .  

Durin� t h �  juven t l �  p h � �e t yp i c e l  c hs rA c t e rle t ic s  or 
fse t or a ,  w h i c h  msy o c � u r  in s re n �e o f  comb i n a t i on s ,  
� � o� n � 1 n �  n �  � "P c 1 � a ,  A r P  � 1 mo r o h i sm o f  l P A f  e h � p� ,  
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exe r t e d  by the tre e c r o wn on t h e  e xpre s s i o n  o f  excurrent  and d e c urrent 

hab i t s  o f  indivi dual t ree s . Apical domi nan c e  should b e  r e s tr i c t e d  t o  

de fine the pat tern  o f  bud i nhibi t i on o n  c urreutly elonga t i ng twigs . 

The b ranch forms i n  the one - year- old wo o d y  shoot  are d e s c r i b e d  as 

a c r o t ony , me s o tony , and b e s o t ony b y  Champagnat ( 1 954 b ,  1 96 1 ) .  I n  woody 

plan t s , acrot ony o f  shoot growth  from the one year old la t e ral d e s c r i b e s  

the rami fication o f  branche s f r o m  the most  api cal par t  o f  la t e rals ; 

me s o t ony , from the mi ddle par t of lateral s ; and be s o t ony , from the 

basal part o f  lat e rals . 

Champagnat ( 1 954 b ,  1 96 1 ) p o in t e d  out that api cal dominanc e 

i n  w o ody plants d i f f e r s  from t hat o f  herbace ous plant s  but t he 

phys i ological s i gn i f i c ance o f  apical domina n c e  in current s h o o t s  in  b o th 

herbac e ous and wo o d y  plant s  ( Phillips , 196 9 )  is similar . ' Apical c ontrol ' 

i s  b e s t  used for the ou tgr owth hab it  o f  w o o dy plant s from the o ne - year­

o ld lat e rals . I t is  propos e d  in  this the s i s , therefore , to use 

' Ap i c al i sm ' to  d e s c r ib e  the c orre lative phe n omena i n  growth habi t  affe c te d  

b y  a p i cal meri s tems , api cal par t s , and dominant organs in  the plan t s  

und e r  t h e  c ontrol o f  a balance  o f  the var i ou s  plant hormones . 

The me c hanism of c ontrolli ng ' api calism ' and v e ge tative  and 

repro du c t ive growth is shown in a spe cula t ive sch eme in  Fi g . 1 .  The 

release  and inhi b i t i on of axillary bud gr owth appears to be  due to the 

avai l ab i l i t y  o f  c y t okinin s in  the pre s enc e of IAA , GA , ABA , and o the r 

inhib i t ors . Growth i s  increas e d  in  the pre s e nc e  of a h i gh ra t i o  c f  

ava i lable cytoki n i n s  t o  IAA , GA and ABA . This  rati o  can b e  increased  

by e liminat ing the s ource produc ing the  lat t e r  or  b y  affe c t i ng 

t ran s location , e . g . , b y  decap i ta t i c n  and d e foliation , n o t ching , r inging , 

e xpo sure to  X-ray , and appli c a t i on of  chemi c als suc h as  Alar , CCC , 

T IBA , MH , and Morphac t ins . The s e  chemi c a l s  dire c tly or indire c t ly 

pre v e n t  the bi o s ynthe s is of plant hormon e s  so that IAA , GA , and ABA 

leve l s  are reduce d , or increase the ava i lable forms of me tab oli te s , 

u t i l i z ing carbohydrat e s  and n i troger- s our c e s . 

Re c e nt l y  th�re have been  deve lopments in the unders tar-ding 

o f  t he spe c i fi c  r o les of i ndividual plant hormones and the i r  i nt e rac t i on 

wi t h  o ther hormonal proc e s E e s  c o�trolling p lant growth and dev e lopme n t . 

A hyp o t he t i cal j uvenile hormone or an adul t hormone whi ch may c ompr i s e  

d i f f e rent rat i o s  o f  auxins , gibbe re llins , c yt okinins , and ab s c i s i c  

ac i d  i n  assoc iat i on w i th o ther inhib i t ors  produc ed  b y  the apical 

mer i s te m ,  leave s , and roots  may c ontrol c onversion fa c t or s  d e t e rm i ning 

the c hange from tl 1o  j uvenile  to t he adult phase s  and v i c e  versa i n  
Fig . 2 ( Park , 1 96 9 ) . Thi s  plant hormone balanc e  theory may expla in 
als o the me chani sm o f  ' Api cal ism ' . The  h o rm one-balanc e  the ory propose d 
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by She in a n d  Jackson ( 1 97 1 ) sugge s t s  tha t  t h e  background l e v e l  o f  

hormone s �n the transpira t i on s tream may have a spe c i fi c  role  i n  

c ontr olling the gro wth pr o c e s s e s . Thi s  role  func t i ons i n  a s s o c i a t i on 

with p lant hormone s produc e d  by  the l o c a l i z e d  ac t i v i t i e s  o f  plant organs . 

Woolley  and Ware ing( 1 972 , a , b , c )  also gave e vidence t hat apical 

dominanc e is achieved  by a de l i cate i n t erac t i on b e t we e n  auxins , 

gibb e r e ll i ns , and c yt okinins i n  Solanum a ndige na . 

IAA i s  known as a plant hormone whi c h  inh i b i t s  axi llary bud 

outgr owth when appl i e d  to decap i ta t e d  s tumps . On the o ther hand , gibb e -

rellins o n  the de cap i ta t e d  s tump i nhi b i t or  promote apical dominance . 

That i s  GA wi th IAA on the stump further inc reas es  the inhi b i t ory effe c t s  

o f  lAA . Howeve r , gene ra lly the appl i c a t i on o f  exogenous gibb e r e llin t o  

the i n ta c t  plants i nhi b i t s  axi l lary b u ds b y  promo t i ng mai n  s te m  

e longa t i on , although G A  treatment promo t e s  lat e ral bud growth whe n  the 

plan t s  are already sub j e c te d  t o  c ondit ons t o  ab olish c orre la t i v e  

i nhib i t i on ( Phillips , 1 96 9 ) . 

A remarkable phenomemn in apical dominanc e i s  tha t t he lateral 

bud can be released frc rn  apical dominanc e influe nc e  by applying 

c ytokinins . However further ext e n s i o n  o f  shoo t  gr owth requ i r e s  e i ther 

auxi ns , ( Sachs and Thimann , 1 96 7 )  or gibberell ins . Therefore , the 

promo t i on o f  sho o t  growth fro@ the t o tally i nh i b i t e d  bud requi r e s  two 

s teps ; ( i )  bud forma t i on and ( i i )  ext e n s i o n  of  sho o t s  ( Jackson and 

Fiel d , 1 972 ; Woolle y and Ware i ng , 1 9 72 c ) .  C yt okinins may i n t e rac t with 

b oth IAA and gibb e r e l l ins in  c ontrolling bud forma t i on &nd s h o o t  

e xpan s i on . Bud forma t i on r e quires a h i gh ra t i o  o f  c yt okinins t o  IAA 

( Skoog and Mille r , 1 957 ) . Shoo t  e xt e � s i on requires a good balance  of 

gibb e re l l i n  and cytoki ni n s  ( Ja c kson and F i e l d , 1 972 ; Woolley and War e i ng , 

1 972 a , b  ) .  A synergi s t i c  e f fe c t  o f  GA wi th CK reveals tha t  the re lease 

of IAA indu c e d  b o th the inhib i ti on of lat e ra l  buds and the i n c rease of 

sub s e quent growth und e r  highe r ni trogen levels ( Ca talano and H i l l , 1 969 ) . 

I n  s oybean plan t s  ( Glyc ine � Me r . c v . Flamb eau ) ,  A l i  and Fle t c he r  ( 1 970 ) 
also  confirme d tha t  t he hormonal regula t i on of api cal dominanc e c hang e s  
as  the  plant deve lops . The re sults  indi c a t e  tha t  whi l e  t h e  c o tyl e d onary 

buds are at an a c t ive stage of mi t o s i s  GA alone can re lease the IAA 

i ndu c ed inhib i t i on o f  buds , but  after  m i t o s i s  had cease d ,  b o t h  GA and CK 

were required for  sub sequent bud gr ow th . CK and IAA c on t r o l  the 

e longa t i on of sh o o t  growth i nduc e d  by GA ( Ja c kson and F i e ld , 1 972 ) . 

Absc i s i c  ac i d  can b e  synthe s i z e d  by the buds ( Arne y and Mi t chell , 

1 96 9 ; Tucker and Mansfield , 1 972 ) , and in  young and mat ur e  leaves and 

has e v e n  been  found in xylem ( Davison , 1 9G3 ; Le nten , Bowe n ,  and 

Saunders , 1 96 8 ) . Woolley and Ware ing ( 1 972 c )  sugge s t e d  tha t  api cal 
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d ominance in  Solanum andigena may ove r c ome an inhibi t ory e f fe c t  suc h as 

o f  AEA on an axillary bud b y  CK ( Tucker and Mansfield , 1 972 ) . Tucker and 

Mans f i e ld ( 1 973 ) have c onc luded that api ca.l  dominanc e may be me d i a t e d  

indirec tly b y  IAA whi c h  induc e s  t h e  forma t i o n  of AEA in t h e  b u d s  

themse lve s , a n d  t h e  c ons e quent high c on c e ntration o f  AEA inhib i t s  bud 

gr owth . 

Abb o t t  ( 1 970 ) showed that the s c ale removal gave b e t t e r  bud 

burst , bloss om , and sub s e quent bud de v e l opmen t  in spr ing and indu c e d  

a renewed growth flush from the bud i n  t he c urre nt shoot . Rober t s , 

T omas ovic ,  and Fushigami ( 1 974 ) observe d t ha t  bud scale r emoval br ought 

ab out imme diate e longa t i on of the shoo t  axis and of nee dle primordia in 

y oung plants . The bud s cale may have s oMe  phys iological s i gni f i c a n c e  

n o t  o n l y  in  the ons e t  a n d  durut i on o f  d o rmanc y ( Schne i der , 1 973 ) but  

a l s o  i n  c orre lat ive i nhibi t i on . The pre l iminary exper iment in the se 

i nve s t igati ons i n  1 975 to  assess t he fun c t i on of bud scales i n  apple 

varie t y  Sturmer Pipp i n  showed that bud s cale removal from the buds in 

January 1 5  in  late summer induced bud burs t and blo s s om under ample 

i rriga t ion treatm e n t  as  shown in  Fig . 3 . S ome veBe tat ive terminal buds 

w e re also indu c e d  to burs t ,  but no buds in  which flowers wer e  alre ady 

i ni t i a t e d  we re i nduc e d  tu bud burst , alth ough the buds were swo lle n . 

75% o f  buds from whi c h  the scales we re remove d blossome d . Thi s 

phenome non c ould i n d i c a t e  that bud scales  as  well as flower primordia 

may prevent bud burst in summer when the prevailing e nviromental 

c ond i t ons are such tha t  one c ould normally e xpe c t  bud burst ,  e . g . , 

heavy summe r rai ns , the ap pli c a t i on o f  summe r nitroge n ,  and e arly 

summer pruning . There is  a pos s i b i l i t y  t ha t  c ytokinins are  ava i lable , 

t he n  but n o t  under drought c ondi t i ons . Thi s pre liminary exper iment 

s ugge s t e d  that the bud scales and pr imordia may have a func t i on in 

c orre lative inhi b i t i on in  plant growth and developme n t , possibly 

p r oduc i ng IAA and ABA from them . 

2 . 6 � 1 . Availab i l i t y  of c yt okinins 

U t iliza t i on o f  ac t ive or ava i lable c yt okinins depends upon 

an antagoni sm b e t we e n  c yt okinins and IAA in the t issues ( Wi c k s o n  and 

Thimann , 1 958 ; Sachs and Thimann , 1 964 , 1 96 7 ; Davie s ,  S e th , and War e i ng ,  

1 966 ; Ali and Fle t c he r , 1 970 ) a  But the me c hanism of any such antagonism 

i s  unknown � Woolley and War e i ng ( 1 972 a , b ) f ound that t he pre s e nc e o f  

I AA greatly st imula t e s  a c hange o f  me tabolism o f  c yt okinins , t h e  extent 

depending upon the d ifferent  quan t i t i e s  o f  IAA : i . e . , at a low  IAA­

s tatus in the t issue s EA-r i bo side , whi c h  i s  immobile , i s  me t ab ol i z e d  

predominantly , whereas a t  a high IAA- s tat us c ompound C ( a  c yt ok i n i n-



FI GURE 3 

A and B .  Effe c t  o f  bud scale removal on the bud burst a t  the 

1 5t h  Jan uary . 

A = Phot ograph taken on 22/2/75 . 

B = Pho t ograph tak e n  on 2 9/2/75 . 

C and D .  Effe c t  o f  heavy rain after drought season on the bud 

burst .  

C = Bud b ourse o f  Granny Smi t h , 

pho t o graphe d on  1 3/3/7 0 .  

D = Spur buds o f  Sturmer Pipp i n , 

pho t ographed on  1 3/3/70 
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l ike su b s tanc e )  whi ch is mobi le , i s  me tabo l i z e d  pre domi nan t l y . The 

d i s t ri b u t i o n  of c yt okinins and t h e i r  rne tab o l i t e s  are greatly affe c t e d  

b y  the pre s e n c e  or  ab sence  o f  IAA , ( Se e , Fi g . 1 )  providing evi dence  for 

the pre dominantly a n d  ac rope tal transport of c ompound C b y  the pre sence 

of  IAA a n d  the ac rope tal and basipe tal moveme nt of BAP and immobi l i ty 

o f  EA-riboside  by  the absenc e  o f  IAA . There f o r e  they c on c luded tha t  

IAA has n o t  only a dir e c t  influe n c e  o �  the t ransport o f  c yt okinins b u t  

also  indire c tly on thE di s tr ibut i on of c yt okinins through t h e  change i n  

c ytokinin metab o l i sm . In vie w  o f  the above r e sults the y c onc luded that 

t he inhibit ory e f f e c t s  of  IAA on the lateral buds from whi c h  the  r o o t ­

produc e d  c y t okinins  c a n  cause re l e a se , i s  due t o  the inhi b i t i on o f  

c y t okinin a c c umula t i on in the buds by  the presence of IAA , divert ing 

the dis tribution of c y t okinins to o ther organs . 

In c ontrolling the lev e l  o f  IAA in  the plant t i ssue s , cy t okininG 

c ould i n duce  c on t r o l  via IAA- ox i da se . Le e ( 1 97 1 ) found that the  opt imum 

c onc entra t i on o f  0 . 2 uM k i ne t i n  inc reased the t o tal a c t iv i t y  of IAA­

oxidase  and repr e s s e d  the deve l opme nt  o f  i s o e nzyme s A5 and A6 in  

Tobac c o  callus cul t ure s . Lee sh owe d that the a c t ivity of  IAA oxidase 

var i e d  at the d i ff e r e n t  c oncentra t i o n G  G f  c y t okinins , pre sumably 

i nc reas ing or de c re a s i n g  IAA oxida s e  i s o e nzyme s A5 and A6 due to the 

ac t i on o f  di fferent  c oncentra t i ons o f  c y t okinins at the s i t e  o f  RNA 

synthe s i s . 

The buds themselves may pr oduce some  c ytokinins in  C o f fee  

arab ica ( Browning , 1 973 ) . The app l i c a t i on o f  hadaci din , an enzyme 

inhi b i t o r  of adenylosuc c inate syn t he t a s e , r e tarded bud deve lopment . Bud 

devel opment inhi b i t e d  by hadac idin was r e s t or e d  when c yt okinins or 

aspar t i c  a c i d  were applied  to the bttds , but wa s not re s t ore d wi th the 

appli c a t i op o f  glyc ine , s e r ine , and glutamic ac id . Adenine had a slight 

e f f e c t  ( Lee , Ke s s le r , and Thimann , 1 974 ) . Lee , Kessler , and Thimann ( 1 974 ) 

sugge s t e d  that la t e ral bud dev e lopme nt  appeare d  to  be  due t o  a block in 

the synthe s i s  of c yt okinin via the ac t iv i t y  of adenylosuc c i na � e  

synthe s i s  l i nked  wi th aspar t i c  a c i d  in  the buds . 

2 . 6 . 2 . IAA c on j uga t ing sys tem w i th aspartate  

IAA can b e  c on jugated  ( Se e , Fig . 1 )  with vari ous c ompounds so  

that most  o f  them  b e c om� c omplex c ompounds i n  the  plant t i ssu e s ; e . g . ,  

indoleac e tyl aspa r t i c  a c i d  (Andreae and Good , 1 955 ; � dreae and van 

Yssels t e i n , 1 956 , 1 960  a , b ;  Fang , The i s e n , and Butt s ,  1 959 ; Row , 

Sanford , and H i t chc ock , 1 96 1 ; Lan t i can and Mu ir , 1 969 ) , Indoleac e t yl­

glutamic a c i d  ( A ndreae and Good , 1 955 ; Andreae and van Y s s e l s t e in , 1 956 ) , 

1 - indole -3-a c e t yl -D- glu c ose ( Z e nk , 1 96 1 ) , IAA -arabinose and IAA­

galac t o s e , and IAA - ino s i t ol ( Ue da , 1 970 ) . Ke nda l , Park , and Mer ( 1 97 1 ) 
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f ound that  the only metab o l i t e  ln pea  s e e dlings whe n  treated with e i ther 

r ing- or carb oxyl-lab elle d IAA was IAA-a spartat e , a l though very small 

amounts o f  i nd o le -3-aldehyde and o the r substanc e s  were found . Pa trick  

and Woolley  ( 1 973 ) also  f o und that the  princ iple c o n j ugat e  me t a b o l i t e s  

o f  IAA-aspar t i c  a c i d  were de t e c t e d  wi t hi n  9- 1 2  hour s , and i n c luded two 

minor c ompounds Guch as I ndole -3-a lde hyde and IAA-gluc ose , whe n  a 

phys i ologi cal level o f  lab e ll e d  IAA was applied on the de capi t a t e d  

s t e m s  of Pha s e lous vulgar i s . Lan t i c a n  and Muir ( 1 96 9 )  f ound tha t 

dwarf i sm o f  the dwarf  pea var i e t y ' Li t t l e  Maruel ' as c ompare d  wi th the 

normal pea var i e ty ' Alaska ' grown in l i ght , is probably due to the greater 

ab i l i ty o f  IAA to  c o n j ugat e  wi th aspar t a t e  rather t han in the synthe s i s  

of IAA by t h e  apex . N o  e ff e c t  o f  GA on  t h e  f orma tion o f  indole a c e t yl 

aspartate  o c curred � se in the induc t i on of the indoleace tyl aspartate 

synthe tase . 

The c on j ugat i on o f  IAA wi th aspar tic a c i d  take s pla c e  

extensively in  ac t i ve gr owing ti ssue s ; i . e . , a t  r o o t  t ips ( Andreae and 

van Yss e ls te i n , 1 960 a )  and at the apex o f  peas ( Morri s ,  Briant , and 

Thomson , 1 96 9 ) , in 1 cm of stem ( D i f fusa t e  50 . 6% ; extrac table , 93 . 0%) 

and f ive c onse cu t ive 1 cm s t em se c t i ons ( di ffusa te , 6 . 2% and e x t rac table , 

66 . 9%) , and fr om the de cap i ta t e d  s t e m  s tumps after appl i c a t i on o f  

0 . 1 % 1 4
c - IAA ( Pa tri ck . a n d  Wo olle y ,  1 972 ) . Exc ised  r o o t  t i p s  l o s t  the 

ab i l i t y  to  c on j uga t e  IAA with aspar tat e , whereas in the pre s e n c e  of IAA , 

the abi l i t y  o f  i nduc ing IAA-aspar tat e  was r e stored ( Andreae and van 

Ysse l s t e in , 1 960 ) . The refore  the fa t e  o f  IAA-asparta t e  is c lo s e ly related 

t o  the a c t ivi t y  of IAA produc t i o n  and the pre sence of IAA in the ti ssues 

( Kang , Newc omb , and Burg , 1 97 1 ; G ore n , Bukovac , 1 973 ) . The qua n t i t a t ive 

balance of IAA and IAA-aspartate in the t is sue over time may be o f  

phys i ological s i gni fi canc e ( Morri s ,  B r i an t , and Thomson , 1 969 ; Ryago 

and Bre e n ,  1 974 ) . Ryago and Breen ( 1 974 ) ob taine d and c onc luded tha t  

IBA inhib i t or  IAA oxidase or increas e s  avai lab le IAA by b-oxida t i on 

of IBA . In fac t  IAA-a spartate  i s  stable b e c ause i t  i s  n o t  d e s tr oyed 

by IAA- oxidase e nzyme s ( Andreae and G o o d ,  1 955 ) . 

Key and Ingle ( 1 968 ) f ound tha t  the inc orpora t i on o f  1 4
c - IAA 

and 1 4
c-2 , 4-D i n t o  rRNA , sRNA , and DNA , to  b e  probably due to hormone s 

and the r e u t i l i za t i o n  of t he 
1 4

c -nuc l e i c  a c i d  synthe s i s . Thi s p r o c e s s  

was a ls o  r e c ogni z e d  b y  Ba ndana e t  al . ( 1 965 ) . Davis and Gals t o n  ( 1 971 ) 

postula t e d  that indoleace tyl aspartate  c ould b e c ome a ttache d  t o  tRNA 

aspartate  giving a c o mpound similar t o  formylme thioni ne - tRNA , whi c h  

might have a func t i on a s  a pro t e i n  c ha i n  i ni tiator . However , t h e y  c ould 

not obtain any IAA-aspar tate  b inding to tRNA b e t ter  in  vivo or in the 

labe lled lower mole c ular w e i ght frac t i o n  u s i ng asparta t e - 1 4
c in Pi sum 
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sat ivum , var . Alaska and dwarf bean Phasealus vulga r i s . Howe ve r ,  

K ob ayashi and Yamaki ( 1 972 ) sugge s te d  that 
1 4c - IAA c an b e  b ound wi th 

s ome kinds of sRNA a f t e r  30 minut e s . At the sa tura t e d  c ondi t i on , 1 4C- IAA 

c ould be inc orpora t e d  by not  only a gene s i s  of sRNA bind i ng 1 4c - IAA , 

but also  a de novo synthe s i s  o f  the sR�A mole c ule and some wi th other  

nuc le o t i des  of sRNA mole c ules . 

Many aspe c t s  o f  enzyme a c t ivi t i e s  i n  the plant t i ssues are 

i n f luenc e d  by treatme nt wi th IAA and some synthetic auxi ns , indicat ing 

inc reased  or decreased  ac tivi t i e s  o f  enzym e s  ( G las z i ou , 1 96 9 ; Marcus , 

1 97 1 ) .  Aspar tate transcarbamylase ( Carbamylphosphate ; 1 -aspar tate  

c arbamyltransferase ) is  now known t o  play an important r e gula tory role  

i n  p yrimi dine b i osynthe s i s  by c a talyz ing aspar tate + carbamyl phospha t e  

= carbamyl aspar tate ( Ure i dosuc c i nate ) + i n organic P in  t h e  h i gher 

plan ts ( Johns on , Nible t t ,  and Shive ly , 1 9 73 ) . The a c t iv i ty o f  a spartate 

trans carbamylase i s  s t imulated by 2 , 4-D in e t i o lated c o wpea hypo c otyls , 

thereby inc reasing the nuc l e o t i de s  ( Johns on , Nible t t , and Shive ly , 1 973 ) . 

The c on j uga t i o n  sys t e ms o f  IAA wi th a spar t i c  a c i d  and the ir  

p o s s i ble  physiological roles  in  the p lant are known as  ( i )  de t ox i f i c a t io n  

o f  e xc e s s  free  IAA ( Andreae and Good , 1 95 5 , 1 95 7 ; Andreae a n d  van 

Y s s e l s t e i n  1 956 ; Zenk , 1 96 1 , 1 96 4 ; Pat r i c k  and Wooll e y ,  1 972 ) , ( i i )  a 

t e mporari ly store d for� o f  IAA and asparta te , t hereafter  b o th c an b e  

used  f o r  several s e que nc e s  of nitr ogen metab o l i sm as shown in a 

spec ulative sche me ( Fig . 1 )  and �or several p o s s ible typ e s  of me tab o l i s m  

i n  IAA utilizati on , i . e . , the pro c e ss of IAA c on juga t i on w i t h  aspar t a t e  

pre c e de s t h a  inc orpora t i on o f  IAA into  pr o t e i n . ( ii i ) prevention o f  

oxida t i o n  of IAA a n d  e x c e s s  of aspar tate . 

2 . 6 . 3 . A s igni fi cant role of aspartate 

Re c e nt ly the phys iological  s i gni f i c anc e of several amino a c i ds 

has b e e n  inve stigated  in  h i gher plants . Dunham and Bryan ( 1 96 8 ,  1 96 9 )  

have studied a s e r i e s  o f  aspar tate me c hani sm me tab olisms a s s o c i a t e d  w i t h  

t h e  growth and devel opme nt of the mul t i c e l lular plants f r o m  gemmalings 

o f  the  l i verwort Mar c hanti a  polymorpha . Among 3 1  different amin o  a c i d s , 

1 3  amino a c ids at  c onc e n tra t i on b e l o w  1 mM are able t o  prevent i t s  

gr owth in  several case s , in  whi c h  aspar t i c  a c i d  i s  c l o s e ly r e la t e d  t o  

a b i osynthe t i c  pa thway ; e . g . , lys ine , thr e onine , and me thi onine . Thi s 

i nh i b it i on o f  gr o wth by  lysine and thr e onine synergi s t i c ally can b e  

o n l y  part ially reverse d b y  the i r  removal a l though the inhi b i t i on i s  

pre v e n t e d  by a l o w  c onc entra t i on o f  methi o n i ne or  i t s  me tab o l i c  pre c u s or , 

homos e rine ( Dunham and Bryan , 1 969 ) . The i n i t ial eff e c t o f  lys ine ­

thr e onine might be a c on c e r t e d  ( mult ivale n t ) f e e d back i nhi b i t i on o f  
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aspart ok i nase a c t ivi ty wh i c h  c ould l e a d  to  r e du c e d  methi onine 

b i o s yn the s i s  ( Dunham and Bryon , 1 96 9 ) . Wong and Denn i s  ( 1 973 ) c onfirmed 

tha t  in  the growth o f  Lemna minor inhib i t i on b y  lysine and thr e onine 

c ould be overc ome b y  me thi onine . The me chani sm of growth inhi b i t i on 

by lys ine and thr e onine appeared t o  be due t o  the a c t i v i t y  o f  

aspar t okinase  i s olat e d  fr om Lemna minor und e r  t h e  fe e dback inh i b i t i o n  

o f  lys ine a n d  thre onine . Thi s indicated  that t h e  i nhib i t i on o f  

aspar t okinase  by lys i n e - thr e onine induc ed  a l a c k  o f  me thi onine synthesis  

whi c h  i s  r e quire d for pro t e i n  synthe s i s  ( Wong and  Denn i s , 1 973 ) . 

However ,  the inhib i t o ry e ffe c t s  o f  amino a c i d s  d i f fe r  among the 

d i f f e rent  spe c ie s . The c ontrol  o f  e nzyme systems i n  Lemna � by 

amino a c i d s  i s  due t o  aspar t okinase  a c t ivi t y , and i s  not r e gulat e d  b y  

t h e  ni tra t e  r e duc tase i n  t o ba c c o  c e lls culture d with n i trate  as  n i t rogen 

s ourc e , thr e onine , i soleuc ine , me thi onine , and  aspar tate were  inhi b i t ory 

t o  growth and thi s inhibi t i o n  may be due to the repre s s i on o f  n i trat e  

r e duc tase f orma t i o n  ( Fi lne r , 1 966 ) . I n  mai z e  r o ot s , thre onine , serine , 

c y s t e ine , and aspartate  i nhi b i te d  homoserine dehydrogenase ( Bryan , 1 96 9 ) . 

Aspar tate  i s  known to  enhanc e the inhibi t i on o f  homoserine  dehydrogenase 

and can a t t r ibute t o  a mul t i e nzyme c omplex b e tween aspartokinase  and 

homo s e r ine dehydrogenase ( Br yan , 1 969 ) . A sparta t e , glutama t e , and 

gibb e r e ll i n  released larger amoun t s  of a-amyla s e  in  the embryoless  

barley  endorsperm ( Galsky and  Lippi c o t t  ( 1 97 1  a , b ) ) ,  but a c e ta t e  and 

c i tra t e  inhibi t e d  GA
3

- i ndu c e d  a-amylase ( Pale g ,  1 960 ) . 

Dunham and Bryan ( 1 971 ) propose d  a se quential s e r i e s  o f  

me tab o l i c  e v e n t s  in  pro t e i n  s ynthe s i s  through t he �spartate  r e la t e d  

pathway . The inhib i t i o n  o f  prote i n  synthe s i s , t here fore , i s  d u e  t o  a n  

a c c umulation  of ( i )  pa thway pr oduc t s  such as lysine a n d  thr e onine , 

( i i )  aspartate , ( i i i ) glutama t e , and ( iv )  n i nhydr in p o s i t ive  c ompounds . 

In  the sys t ems o f  c ompartmenta t i on o f  me tab o l i t e s  ( Oaks and Bidwell , 

1 970 ) , the me chanism o f  fe e dback sys t ems o f  i nhib i t i on among the 

me tab ol i t e s  by  part icular enzyme systems may exist t o  c ontrol a balan c e  

o f  me tabolism  ( S e e . Fig . 1 ) ,  thereby induc ing growth and developme n t  i n  

plants . To IAA then can b e  a t tribu t e d  a phys i ol o gi c al r ole  in  whi c h  a n  

e x c e s s  o r  d e f i c i t  of e i the r IAA or �spartate a t  the a c t ive me tab o l i t e  

s i t e  may l e a d  t o  the forma t i o n  of spe c i fi c  func t i ons f o r  plant 

c onsti tuent s , depe nding on the physi ological ne e ds of developing 

t i s sues or organelles . 
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CHAPTER 3 

Material�  and Me t hods 

3 . 1 . Organi sa t i on o f  f i e l d  e xperiments  

Field  experiment s we r e  carr i e d  out  on  a c ommerc ial orchard 

i n  t he Has tings d i s t r i c t , a ma j or apple produc ing area approximately  

1 00 miles  from the Univers i t y  c ampus . 

The varie t ies  u s e d  were Re d De l i c i ous and Granny Smith b o t h  

gra f t e d  on  t o  MM 1 06 root s t o cks  and grown under the s e m i - i n t ens ive 

sys t e m  ( r ow spa c ing 1 6 ' ,  spa c ing in the row  1 2 ' ) .  The t wo var i e t i e s  were  

plan t e d  i n  two blocks each wi t h  four r ows o f  66  tree s  per r o w. Ini tially  

( July 1 970 ) 45 t r e e s  of each var i e t y  were  sele c t ed a t  random after  

e x c luding tre e s  f orming guard r ows . A t  t h i s  t ime the  tre e s  were  thr e e  

y e a r s  old , w e r e  we ll grown a n d  had b e e n  traine d a c c ording t o  the 

c en t ra l  leader system ( McKcnz i e  and Moua t 1 963 ) . 

3 . 2 .  Appl i c a t i on o f  treatment s 

3 . 2 . 1 .  Gene ral 

In July 1 970 one - ye a r - old uni f orm lat eral sho o t s  on the four 

f i r s t  t i e r  fru i t i ng arms ( Se e  F i g . 4-A , B ,  C ,  D )  s i t ua t e d  wi thin 45 c m  

o f  t h e  c e n tral leader stem  w e r e  sele c te d  a n d  lab e l l e d . Eac h  o f  these 

la t e rals was ' headed back ' to a fi xed length o f  e i ther  90 c m  ( Exp . 1 

and 3 )  or 1 50 cm ( Exp . 2 ) . Tte sele c te d  lat e ral on e a c h  b ranch was 

a l l o c a t e d  a t  random within e a c h  tree t o  one o f  thr e e  or f our treatme n t s  

( de s c r i b e d  for  e a c h  expe riment be low ) and prepara t i ons we r e  made f or 

c on s t ra ining e i ther t o  the hor i z ontal or b e low the horiz ontal i f  t h i s  

was r e quired b y  the allo t t e d  t r eatme n t . 

A f te r  the blossom p e r iod in  the spr�ng o f  1 97 1  the lat e rals 

were  e xamine d and those la t e rals wi th dead buds a t  any shoot pos i t i on 

were  e xc luded . The random i s e d  b lock d e s ign with a b l o ck c orresponding 

t o  a tree was abandoned at t h i s  point . The re fore numb e r  of repl i ca t i on s  

was r e du c e d  t o  1 0 , 8 , or 7 for  i ndividual e xpe riments . 

3 . 2 . 2 . Exper iment 1 

The apple var i e t y  u s e d  was R e d  D e l i c i ous . Twe n t y  nine 

c onse c u t i ve bud posi t i ons numb e r e d  from the apex were i d e n t i f i e d  for 

s tu d y .  The four treatmen ts ,  e a c h  repl i ca t e d  1 0  t ime s were : 

T 1 Horizontal bending o f  the la t eral a t  t he d ormant p e r i od 

( 26 Aug . 1 970 ) 

T2 Horizontal bending o f  t he la t e ral a t  the pe tal fall  s tage 

( 26 Oc t .  1 970 ) 



FIGURE 4 

Exper ime ntal tre e s  and de f in i t i on for  orienta t i on and 

c la ss i f i c a t i o n  o f  whorl gr oups 

A .  3 year old t r e e  

B .  4 year old tree  

c . De fini t i on f or orientation  o f  the  s h o o t s  

in the whorl gr oup 

D .  Lat e ral shoot ; c la s s i f i c a t i on of pos i t i on , 

o r i entat i on ,  and whorl group 
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T3 Horizontal  b e nding of t he lat e ra l  a t  t he s e c ond c over  s tage 

( 26 Nov . 1 970 ) 

T4 C ontrol trea tme nt : normal ver t i c al lat eral . 

3 . 2 . 3 .  Expe r iment 2 

35 

The apple var i e t y  used was Red De l i c i ous and b e nd i ng treatments 

were applied in  the same manner as for Expe r iment 1 .  In this expe r iment ,  

however , the laterals were brought t o  a pendulous pos i t i on approxima ting 
0 

1 35 from the ver t i c a l  lat eral . Forty five c onse cutive bud pos i t i ons 

numb e red fr om the apex were i d e n t i f i e d  for s tudy on the longer lat e rals 

( heade d back to 1 50 cm ) i n  this exper iment . 

The four treatments , eac h repl i c a t e d  8 t i mes , were : 

T1 Pendulous bending at the d ormant p e r i od (22 Aug .  70 ) 

T2 Pendulous b ending at the pe tal fall s tage ( 22 Oc t .  7 0 )  

T3 Pendulous bending at the G e c ond c over  s tage ( 22 Nov . 70 ) 

T
4 

Control t r e a t ment , normal ver t i c al lateral . 

3 . 2 . 4 .  Expe rime n t  3 

rhe apple variety  used was Granny Smith and the de s i gn was 

s imilar to tha t  f o r  Exper ime nt 1 exc ept f o r  the omiss i on of  one of 

bending treatments  and the reduc t i on of  the number of repli c a t i ons 

to 7 . The treatments were : 

T1 Hor i z ontal b e nding at the 

T2 Hor izontal b e ndi ng at the 

T3 Control trea tme nt , normal 

3 . 3 . Measures  of shoot  growth 

3 . 3 . 1 Shoot diame t e r s  

dormant peri od ( 24 Aug . 70 ) 

p e t a l  fall s tage ( 24 Oct . 70 ) 

ve r t i c al lateral . 

A t  the t ime o f  heading back t he one year laterals in July 

1 970 the diame te r s  o f  t he s e  laterals were measure d  a t  5 cm from the 

proximal end and a t  30 cm intervals d i s t a lly . In the c ross s e c t i on of 

each lateral at the s e  p o s i t i ons the max imum diame ter and the d iame t er 

a t  ri ght angle s t o  i t  were measured . The p o s i tion  at whic h  measurements 

were made were lab e l l e d  s o  that measurements c ould be  repeat e d  i n  

Augus t 1 97 1 . Similar measurements we re als o made on new one year 

laterals a t  that t ime . 

3 . 3 . 2 .  Leaf areas 

Leaf areas we re obtained by asse ssment using a transparent 

p las t i c  plate  marke d ou t in  known areas i n  the  average shape of  leave s .  

3 0  mos t appropriate s i z e s  were sele c t e d  based on exper imental 
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s ampling . The sele c t e d  leaf  areas we re ob t a i n e d  using a planime t e r . 

T o  c onfirm the a c curac y of using transpar e n t  plas t i c  p la t e s  

d e s c r ib e d  above , ac tual leave s were sub j e c t  t o  the same treatme n t , s o  

that data we re analyze d s tat i s t i cally . The T- te s t  gave no s i gn i f i c ant  

d i fference  be tween the  mean of leaf  areas  from leaf samples and  a 

mat c he d  leaf area on the pla te . The refor8 the plast i c  plates  we r e  u s e d  

w i t h  confide n c e  to measure leaf areas i n  the se  stud i e s . T otal l e a f  areas 

were ob tained  from an i n d i v i dual leaf s i z e  o n  the shoots  of the t r e a t e d  

laterals . 

3 . 3 . 3 .  Ra t i o  of t o tal leaf area t o  total i n c reme n t  o f  shoot v o lume 

Generally plant gr owth studies  have b e en bas e d  o n  leaf area 

and total dry we lght . I n  this study , howe v e r , leaf areas and volume 

of shoots  were ob tained for the stud i e s  of gr owth r e la t i onships , 

b e c ause of the impo s s i b i l i t y o f  obtaini ng t o tal dry we i ght on t r e e s  o f  

t h i s  s i z e  and on a c c ount o f  the depos i t i o n  o f  s truc t ural r e s our c e s  and 

f o o d  r e s ourc e s  in shoot s . 

A ra t i o  of t o tal leaf area t o  t otal i ncrement o f  sho o t  v olume 

( R )  was de t e rmined u s i ng the f ollowing f ormula : 

T o tal leaf area 
R = 

Whe r e  w1 i s  an i n i t ial volume o f  one year o l d  lateral at the b e gi n n i ng 

o f  e xpe rime nt , and 

w2 i s  t o tal volume of a two year old lateral and the ne w growth 

o f  one year old la t e rals from i t . 

Shoot  volume s were c al c ulated b y  the f ormula for an e llipsoid  ( Pe a s e , 1 96 8 ) . 

In  order t o  c on firm the use of the e llips o i d  f ormula , t w o  

c ompar i s ons were made , i . e . , a n  ac tual volume o f  sho o t  and a calculated  

v olume o f  the sho o t  were  c ompare d . 92 one year old lat e rals wer e  

grouped a c c ording t o  s i z e  and were heade d back to 9 0  c m  from the base . 

The width and narrowe s t  d i ame ters were measured at t he same pos i t i ons 

t hat  i s , at 30 cm i n t e rvals . The volume o f  e a c h  30 cm was calc u l a t e d  

b y  t h e  e llips o i d  f ormula . The ac tual v olume was measure d b y  a wat e r  

d i splac e ment  te chn i que . The di fferen c e s  b e twe e n  the me thods wer e  

analyz e d  sta t i s t i cally by the paired � t e s t  applied t o  a paired  s e t  

o f  data ( Sne de c or and C oc hran , 1 96 7 ) . The T value obtained  from 92 

samples was 0 . 4805 . There was thus no e v i d e n c e  of d i fference  b e t we e n  
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t he me thods . The r e fore t h e  increme n t  o f  shoo t  growth in these  s tudie s  

was d e t e rmine d b y  c alcula t i on u s i ng the e llips o i d  formula . 

3 . 3 . 4 . Shoo t  lengt h  

In  e xpe r iment 1 the ahoot  length a t  each o f  t he 2 9  bud 

p os i t i ons were made only i n  August 1 971  ( a f t e r  leaf fall ) . 

3 . 4 o S t a t i s t i c al analys e s  

3 . 4 . 1 .  Class i f i c a t i on o f  b u d  pos i t i ons ( S e e  Fig . 4 ) 

The three  t e rms , posi t i o� , whorl , and orienta t i on , whic h  

have b e e n  used i n  the present  i nve s t i ga t i on t o  de s c r ibe t h e  s i t e  

o c c u p i e d  by a bud on a n  e xper ime ntal lateral a r e  de fine d a s  follows : 

Pos i t i o n  has b e e n  use d t o  mean the nume r i c al o r d e r  o f  buds 

o n  a la t e ral numb e r e d  }roximally from t he api c a l  bud . Twe n t y  n i ne 

p os i t i ons were lab e lled and s tu d i e d  i n  Expe riments 1 and 3 .  A further  

s i x t e e n  pr oxi�al pos i t i o ns were inc luded in  Experiment  2 o  

Whorl has been u s e d  t o  spe c i fy a gr oup o f  buds falling in 

t he 3/8 phyll otac t i c  arrangeme n t  of leave s on apple s h o o t s  ( Roa c h ,  1 93 8 ) . 

I n  Expe ri ment s 1 and 3 the t we n ty n i ne pos i t i ons we re gr oupe d i n t o  an 

api c a l  whorl and three sub-ap i c al whorls . I n Exper iment 2 t he addi t i onal 

s i xt e e n  posi t i ons form a fur ther two  distal whorls . Eac h ap Lcal whor l 

inc luded five bud posi t i ons ( p o s i � i ona 1 t o  5 )  and each sub-ap i cal 

whorl e i ght bud pos i t i ons ( p os i t i ons 6 to 1 3 ,  pos i t i ons 1 4 t o  2 1 , 

p o s i t i ons 22 t o  2 9  e t c ) . 

Or i e n t a t i o n  has b e e n  used  t o  ide n t i fy t h e  l oc a t i on o f  a bud 

w i t h i n  each whorl . Or ienta t l ans 4 t o  8 we re i de n t i f i e d  in  an api c al 

whorl and 1 t o  8 i n  a sub-ap i c a l  whorl . The spat ial arrangeme n t  of buds 

of d i f ferent orien t a t i on was important whP-re la te ral� were c onstra i n e d  

away f r om t h e  ver t i c al . U n d e r  t h e s e  c ondi t i o�s orienta t i a nc � ' �  a n d  � 
were  s p e c i fied  buds on t he upper s i de o f  t he lat eral ( De s i gnat e d  ' uppe r ' 

under l ine d ) , orientat ions  1 , 4 and 6 were buds on  the lower s i de 

( de G i gnated ' l owe r ' ) ani ori e nt a t l c1 ns 3 and 7 were buds on  t he flank 

o f  the lateral shoo t  ( des i gna t e d  ' f lank ' ) . 

3 . 4 . 2 . Analysi s  o f  var ian c e  mode ls 

A numb e r  o f  poss ible line a r  models whi c h  c ould e xplai n  the 

gr owth  re sponse s  of indi v i dual buds were c on s i de re d . The f i r s t  mode l 

s e le c t e d  was : 
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Whe r e  any o b s e r v e d  re sponse o f  an � nd i v i dual bud wa s the sum 
of m ,  the ceue ral mean ; 
t 1 , th0 f i x e d  e f f e c t  o f  a tr ea t � e nt appl i e d  t o  all buds 

on a g i v e n  la t e ra l  ( i = 1 , • • • • •  , 3 or � ) ; 
p . , t h e  f ixe d e ff e c t  o f  t he p o s i t i o n  of any bud on any J 

l a t e ral ( j = 1 , • • • • • , 2 9  or � 5 ) ; 

and p . ;  J 

( t p )  . . , the i n t e ra c t i o n b e twe e n  t he f ixe d e f fe c t s  o f t . l J  l 

and two random e l e m e n t s ,  e . k and e !  " k '  e a c h  f r o m  a l l J  
popula t i on w i th z e r o  ffiean and c o n s tant var i anc e . The t w o  popula t i on 
var i anc e s  we r e  assum e d  t o  b e  e s t ima t e d  by th8 s ample v ar i a n c e  b e t w e e n  
r e p l i c a t i ons wi thin treatcte r ts ( k=1 , • • • • •  , 7 or 8 o r  1 0 ) a n d  the sample 
varian c e  b e t w e e n  r e p l i c a t i on s  w i t h i n  t r e a tment s b y  p o s i t i ons re spe c t i v e l y . 

Mode l A omi t s  any t e r m  f o r  blocks b e c ause the f inal c h o i c e  
of  e xp e r i m e n t a l  ma t e r ial ( S e e  3 . 2 . 1 )  d i s aa s o c i a � e d  repl i c a t i ons and t re e s  
wh i c h  were the o r i g i nal ' bl o cki n g  un i t ' .  Sup e r f i c ially Model A 

r e s e mb l e s  the model for a spl i t  p l o t  o f  n e s t e d  d e s i gn , b u t  i t  di f f e r s  
i n  o n e  e s s e n t i a l  re spe c t : t h e  appar e n t  sub r l o t s  a r e  n o t  allot t e d  a t  
random w i t h i n  the appaT e nt ma i n  p l o t s  ( la t e ra l  arms ) sub j e c t e d  t o  t h e  
same b e nd i n g  t r eatme n t . I t  f o llows that the s e c ond a s sume d random 
e l e ment ( e ! .k ) is n o t a random e lement and the sample v a r i anc e b e twe e n  l J  
r e p l i c a t i ons w i th i n  t r e a tme n t s  b y  p o s i t i ons i s  not a n  appr opr i a t e  
d e n omina t or f o r  the calcula t i o n  o f  F ra t i o s  f or t h e  e f f e c t s  o f  p o s i t i on 
by t r eatment . Whe r e a s a c on s e r v a t i v e  t e st o f  the s i gn i f i canc e o f  the 
e f f e c t  o f  � o s i t i on would b e  p r o v i d e d  by u s i n g  the sa�p le var iance f o r  
p o s i t i ons by t r e a t m e n t s  a s  a d e n o m i nator , t h e r e  is  n o t  a n y  t e s t  o f  the 
s i gn i f i c an c e  of the b i o logi cally i mp ortant i n t e rac t i on of treatment 
and po s i t i on . 

Mod e l  A had a fur ther prac t i cal d i sadvantage . Whe reaG f r o m  
the samp l e  e s t i ma t e , e i k  appe a r e d  t o  be homo s c e das t i c  f o r  t h e  variab l e s , 
par ti cularly a f t e r  t ran s f o rming r e sponses to a l ogar i thmi c s c a l e , e r j k 
wa s marke d l y  he tero s c e da s t i c  on b o t h  the o r i ginal and t rans form e d  s cale s 
f o r  mea s ur e m e n t s  o f  s h o o t  l e ngt h . 

The s e c ond m o de l exam i ne d was ( Model B ) : 

m + ti + e ik + wj + 01 + ( wo ) j l + ( tw ) i j + ( t o ) i l  + e r j l 
(M odel B )  



39 

The ne w te rms in Model B are defined as f ollows : 

�
j 

i s  the fixed  e ff e c t  b f  a whorl , o1 the f i xe d · e f f e c t  o f  

orienta t i o n  and ( wo ) j l  the i nt e rac t i on be t we e n  the f i x e d  e ff e c ts o f  

w
j 

and o1 ( j = 1 ,  • • • • •  , 3  or 5 )  ( i = 1 , • • • • •  , 8 ) .  The se  thr e e  t e rms 

c olle c tively d e f i ne the e f f e c t  of p o s i t i on ascrib e d  t o p .  in Model A .  J 
( tw )  . . i s  the interac t i on b e twe e n  the f i xe d e f f e c t s  t .  and l J  l 

w
j and ( t o ) i l  i s  the i n t e rac t i on b e t we e n  f ixed e f f e c t s  t i and o1 • 

The remaining par t of the in t erac t i on t e rm ( tp )  . . i n  Mode l A l J  
appears i n  Mod e l  B a s  the random e le me n t  e !  . 1 whi c h  i s  c omputati onally l J  
identical w i th the i n t e rac t i on b e tw e e n  treatment , whorl , and orienta t i o n .  

Mod e l  B assumed that the r e  w a s  no b i ologi c al ly important 

interac t i on b e twe e n  the three  fixe d e f fe c ts and that thi s par t  of the 

overall i n t e rac t i on b e twe en treatmen t  and position was an appr opriate 

denominator for c ompu t ing sample F rat i o  for pos i t i on ( = whorl + 

orienta t i o n  + the inte rac t i on o f  whorl and orienta t i on ) and for the 

remainder of the interac t i on of treatment  and pos i t i on ( treatment by 

whorl + treatment  by orienta t i on ) . A pra c t ical advantage of Model B 

was tha t e !  . 1 appeared  t o  be homo s c e da s t i c  on  the appropriate l J  
transforme d s c ale ( logari thmi c  o r  square roo t )  for any vari able . 

3 . 4 . 3 .  Orthogonal s ubdivi s i o n  c f  mai n e ffe c ts and i n t e rac t i ons 

T e s t s  o f  spe c i f i c  hypothe s e s  r e garding the e ffe c t s  of 

treatments , bud posi ti ons and int e rac t i ons b e tween treatments and 

p o s i t i ons , i n c luding the ind e pendent e f f e c t s  o f  whorl group and 

orienta t i o n , were carri e d  out  by c ompu t in g  the mean squar e s  for i ndividual J 
degree o f  freedom c ompa�i s ons ( Li , 1 96 4 ) . The c ompar i s ons c h o s e n  were 

o r t hogonal and i n  spe c i fi c  ins tanc e s  the mul t i pliers used were orthogonal 

p olynomial c oe ff i c ients  ( Fi sher and Yat e s ,  1 958 ) . Sub d i v is i on o f  

i n terac t i o n  sums o f  squares was achi e v e d  using mult ipliers  forme d as  

a Krone cke r  produc t o f  the  multipli e r s  f or the  main e f f e c ts c oncerne d 

i n  the int erac t i on . 
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(e)  Analyses of' Variance 

Teble 1 ,  Effect or horizontal bendiniS at various ti..,.e on shoot lenp:U:. total leaf area apd nueb;r of lsu• a: 
EJ:psrimenl 1 Red Dslicioua - All 29 shoot poaitione · 

Source of vtlriation Dssresa o f  
freedom 

DECEMflER SHOOT LENGTH 1 JANUARY SHOOT LENGTH 1 AUGUST SHOOT LDfGTH 1 TOTAL LEAF AREAZ NOHBER OF LEAVES} 

Trsetmente 91}?.1 8 . 6f • • •  
T ,  ve T4 2%99.7 24.}7' ' '  -
t2 ve T} 250.} 0.24 

-r, & T4 va T2 & t3 1 46 1 . }  1 . }8 

Replications within trsat 111enta }6 1054.6 
Poei.tione 28 5473 ...  9 
Poeitione x Treatl!!ente 84 1465.8 
Positions x Rep. x Treat, 1 008 %9.7 

(b) Means for bendins: treatments ( 1 0 hterah and 29 shoot positions) 

Mean Squers F 

9591 . }  6 .0}' '  
2801 0 . }  1 ? .6 1 ' ' '  

696.4 0.4}-
6?,4 0.04 

1590.2 
6872 1 . 9  

2 1 1 7 . 4  
89? . 0  

Mean Square 

1 0 � 8 . 8  
}248}.5 

}51 . 9  
1 1 . 0 

1686.7 
?4158.4 

2624 .} 
989.6 

Mean Square 

6 . 4 9  . . }94 .25 , ,CJ4-
19.26 · · ·  

0 . 2 1  
0.01 

1 1 1 }4 . }  202.97 
125118.6 4520.0it 

8913.7 228.79 
3981 .? 80.69 

J::ECEMBER SHOOT LENGTH 1 JANUARY SHOOT LEI'IGTH 1 AUGUST SHOOT LENGTH 1 TOTAL LEAF AREA2 NUHBER Of LEAVES3 

Dormant period ( Auguat) bending ( T1 ) 4 8 . 4 1  5 3 . 7 1  % . 2 8  
Petal f a l l  (October) bending ( T2 ) 40 . 1 7  47.37 4c;.?? 
Second cover (Novel!lber) bending ( T3 ) } 8 . 86 4 5 . 1 8  48.21 
Vertical lateral (Control) (T4 ) 3 5 . 1 0  39 . 8 1  4 1 . 3 1  

(<)  C o e f ficients a n d  mean l!quares for orthol!jonal polynomial equations relat inl!j shoot len5t h  to poeition on the lateral 

1 4 1 . 2  
144.7 
1 4 2 . 6  
1 } 3 . 9  

DECEMBER SHOOT LENGTH 1 JANUARY SHOOT LENGTH 1 AUGUST SHOOT LDfGTH1 

Coefficient 4 Hun Square 5 Coefficient 4 Hean Square5 

Dormant period bending (T 1 ) 
Linear -2.265 1041()1 .6 -2.471 123939.1 
Quadratic (after linear) 0 ,2 1 05 50220 . 7 0.2307 6028 1 .8 
Cubic (after linear, quadratic) -0.04520 86795 - 3  -0.05230 1 1 5093.3 
Quartic (after linear, quadratic , 

cubic) o . oo6362 4}70IL4 0 . 006990 52767.7 
Quintic (after linear to quarti c )  0.0007208 2 60<' . 9 -0.0010?4 5?79.7 

Fetal hll bending ( T2 l 
Linear - 1 . ?71 63?24.6 - 1 . 66 ;  562?5 . 4  
Quadratic 0,2769 86e}o. 7 0,}123 1 1 0507.0 
Cubic -O.Oit 832 982}2.0 -0.05300 1 1 8205 . 7 
Quartic 0 . 005716 35281 . 5 0,006166 4105}.2 
Quintic -0.0009106 4 1 5 1 . 5  -0, 0001 108 6 1 5 1 .2 

Second Cover bending ( !} ) 
Lin•ar -2.6�1 1Li.0563 - 9  -2.850 1649}2.2 
Quadrattc 0.2716 a3s4o.6 0.2872 93450 . 1  
Cubic -o.ot..845 98769.6 -0.05427 12 3904 .9 
Quertic o . oo6838 50500 .0 (). 007?82 65399 . 1  
Quintic -0.001162 6760.9 -0,001278 8 1 ? 2 , 1  

Vertical lateral ( T4 ) 
Linear -2.669 144590.4 - } . 1 8 3  205662.1 
Quadratic 0 . 3 164 1 1 } 381 . 2  0.3707 155f}}.5 
Cubic -0. 05063 107846 .2 -0.05972 15004 1 ,4 
Quartic o.oo6784 49705.9 0.007917 67690.8 
Quintic -0.00120P. 7 3 1 1  , I.  -0,001266 8020.0 

1 .  Shoot length in c�t, trar.sformed t:,. takint logarithm�, 100 Log ( L  .. 1 , 1 ), 
2. Total area o f  the leaves born bv • shoot in c11l, tr•nsformed bv taking logarith•s 100 log (1.. • 1 . 1 ). 
3· Number of leaves born by a shoot , transformed by taking square root s ,  10 (N • 1 ).� 

Coe fficient ' Hean Square 5 

-2.532 130138.7 
0.2}20 60970.0 

-0.05}81 1 2 1 8 3 6 . 3  

0,007161 55378.4 
-0.0010?8 5814.6 

- 1 .6 1 2  5276 2 . 3  
0 . 3 1 ? 2  1 1 3944.4 

-0.05516 12803 1 . 5 
0.006393 441 32 . 5  

-0,001155 66??.8 

-2.911 171998.7 
0.2860 92676 .8 

-0.05665 1350 1 3 . 1  
0 . 00?9?6 68696 . }  

-0.001209 732 1 . 9  

-}.4}0 238?86,16 
0.4061 186?92 . 9  

-0.06486 17699} . 1  
0.008?14 81990.0 

-0.001568 12309-9 

4, Given b1 'i J Tj I n ..,lij where "iJ is a Fishe r ' s  orthogonal co-efficient, 1 "  1 , 2 ,  . . . .  , 5  powers; j "  1 , 2 ,  . . . . .  ,29 position8 ; 
Tj is a �otal of shoot ler.gtha at the j th position (n • 10). 

5 .  Given by (Wij Tj ) /n �ij . 

. _ , " 0.001 > p , • • : 0 . 01 > "P > 0,001 , • • 0.05 > p > 0.01 , + :  0 . 1 > p > 0.05, - ,  p > 0 . 1  

Abbreviations: 

T1 " Rori:tontal bending o f  the bteral at the dcrmant period. 
r2 • Horir.ontal bending o r  th� lateral at thl' pehl fall Ftage. 
r3 t Hori:tont•l bendinP: o f  the later•l at the second cover stage, 
T4 " Control treatl!lent , normal vertical l•teral. 
w1 " The first whorl. 
w2 : The aecond wt:orl. 
w3 " The third whorl. 
0 " Orientation . tlumerical numbers frolt. 1 to 8 indicate the orientation of buds in the whorl. 
va " Versus. 

2?.?2 
27.12 
25.83 
2 5 . 1 7  
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CHAP'l'ER 4 

Exp e r i mental Results 

4 . 1 .  Sho o t  length s e c t i on 

Shoot lengths at di fferent  pos i t i on s , orientat i on , and whorls 

whi c h  wer e  affe c t e d  by horizontal and pendulous treatme n t s  can be shown 

graphi cally and clas s i f i e d  into  three lev e ls , i . e . , unde r  0 . 3  c m ,  

be twe e n  0 . 3- 1 0  c m ,  and over 1 0  c m  i n  Fig . 6 -A . B . C . &D ;  Fig . 8-A , B , C r& D ; 

Fi g . 9-A , B , & C .  Unfor tuna t e ly data were n o t  able t o  b e  analyz e d  

stat i s t i c ally by  the c la s s i f i e d  levels r e f e r r e d  t o  ab ove , be c aus� the 

sample s i ze was too small . Some c on c lusi ons , however , c ould be drawn 

and c on s i dered from the trends  indicated  i n  those f i gure s . 

Generally , the longer shoots ( gourmand shoo t s ) were produe e d  

from the upper s i de o f  horizontal laterals a t  the dormant p e r i o d  bending . 

However , the number o f  gourmand shoots was de c reased whe n  lat e rals were 

b e nt hor i z ontally as the season progressed . The extremely a c r o t ony t yp e  

of  shoot growth i s  shown i n  t h e  90 cm treatme nt  in  the v e r t i c al control 

i n  R e d  D e l i c i ous in F i g . 8-A . Howeve r ,  the  growth pat t e rn of  the shoo t  

i s  d i fferent  be twe e n  the 90 c m  o f  R e d  De l i c i ous and Granny Smi t h  as 

shown i n  Fig . 6 and 9 . In  Granny Smi th the number of  shoots produce d  

from the middle o f  l a teral t o  the apex i s  s e e n  i n  the v e r t i cal  c on t r o l  

( F i g . 9-C ) .  

In  Fig . 8 - D i n  Exp . 2 ,  sho o t  growth from the lat e ral i s  

more or l e s s  o f  similar f orm o f  t otil shown for Granny Smith i n  t he 

v e r t i c al c ontrol . There was no r e s tr i c t i o n  on the produ c t i on o f  

gourmand sho o t s  o n  t h e  fi f t h  whorl at the p o s i tion whe r e  the late r al 

was arche d t o  bring ab out the pendulous d i r e c t i on i n  the dormant b e nding 

t r eatment . The numbe r  of gourmand sho o t s  was there f or e  also de creased 

i n  t he laterals bent  pendulously i n  the  later  part of the growing season . 
Thi s is the same re sult a s  shown i n  Exp . 1 .  

4 . 1 . 1 .  Exper iment  1 ( R e d  D e li c ious with 2 9  posi t i ons of lat e rals , 
horizontal b ending ) 

Analyses  o f  vari an c e  f or the three measur e me n t s  by  t i me f o r  

shoot length a r e  shown i n  Table  1 . ,  along wi th c o e f f i c i en t s  o f  orthogonal 

p olynomial e quat i ons f i t t e d  to the means f or each s e t  gf measureme n t s  

f o r  the 2 9  p os i t i ons and the c urves c orre sponding t o  t h e  e mp i ri ca l  

e quations a r e  shown f or e a c h  o f  the four t r e atments i n  F i g . 5 .  A s  shown 

i n  Table 1 and Fig . 5 ,  the shoot length measured a t  De c e mb e r  d i d  n o t  

c hange very muc h  after  one month ( in Januar y )  and e v e n  a t  the end o f  



42a 

F IGURE 5 

Seasonal c hange o f  shoot  gr owth in  horiz ontal and vertical  

t r e a t me n t s  at d i f f e r e nt t i me . 

A .  Dormant p e r i o d  b e nding ( Augus t ) 

B . Pe tal fall bending ( Oc t ober )  

C .  S e c ond c over  hor i z ontal bending ( November )  

D .  Ver t i c a l  treatment  ( C ontrol ) 

The sho ot  l e neth measur e d  a t  De c emb e r , January , and Au gust . 

The d i f fe r e nt treatment s were e xamine d by f i t t ing orthogonal polynomial 

c oe f f i c i e n t s  ( F i sher and Yat e ) up t o  t he 5th p ower . 

The 29 i n  t he parenthe s i s  indica t e s  the 2 9  pos i t i ons 

e xamine d in t he lat e rals . Shoot length were trans forme d b y  

1 00 L o g1 0 C X  + 1 . 1 ) .  The orienta t i ons 2 . 5 ,  a n d  8 o n  the X-axis have 

b e e n  underline d t o  i n d i c a t e  the measureme n t s  on the uppeT s i de o f  

lat e ral sho o t s .  
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A .  Dormant period horizontal bend i ng (Au
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F i g . 6 -A .  Effe c t  o f  hor i z ontal b endi ng a t  dorrr.ant pe r i o d  on shoo t  growth 

and fl owe r i ng a t  different  o r i e ntat ion , who r l , and c lass o f  shoo t s  

i n  2 9  pos i t i ons o f  R e d  De l i c i ous ( Exp . 1 ) .  

From 1 0  repl i cat i ons , the le ngths of the gr oups o f  sho o t s  were  

c lassi fie d a s  follows ; < Oo3  c m , 0 . 3  1 0  c m ,  an d ) 1 0  c m .  The shoot lengths 

measured in  early De c e mb e r , January , and the end of season are shown b y  

the bars . S h o o t  lengths < 0 . 3  c m  are n o t  present e d  i n  the diagram . 2 9  shoo t  

p o s i t i ons we re examined o n  the 9 0  c m  laterals . The � '  2 ,  and 8 orientations  

are  unde r l i n e d  t o  indicate  the upp e r  s i de of shoots  on the  hor i z ontal 

laterals . The  orientation in the whor l  is followe d by 3/8 phyllo taxis o f  

apple sho o t s  ( Roac h ,  1 93 9 ) . 
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B. Petal fal l  horizontal bending (October ) 
( Apple var iety - Red De l ic ious  ) (29) 
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Fig . 6 -B . Effe c t  of horizontal bend ing at pe tal fall s tage on shoot 

growth and f lowering at  different orientat ion , whorl , and 

c lass o f  shoots in 2 9  p os i t i ons o f  Red Delic i ous ( Exp . 1 ) . 
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C .  Second cover horizontal bendi ng (November) 
( Apple var iety - Red De l ic ious  ) (29) 
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F i g � 6 - C . Effe c t  o f  hori z o ntal b e ndi ng at s e c o n d  c over s tage on shoo t  

growth and fl owe r i ng a t  d i fferent o r i e ntat i on ,  whorl , and 

c lass of shoo t s  in 2 9  p o si t i ons of Red Deli c i ous ( Exp o 1 ) 
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D .  Vertical treatment (Control ) 
( Apple variety · Red De l ic ious ) ( 29) 
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Fig . 6-D . Effect  o f  vert ical c ontrol on shoot growth and flowering 

a t  different orienta t i o n , whorl , and c lass  of sho o t s  in 

2 9  pos i t i ons of Red De l i c i ous ( Exp . 1 ) . 
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Orientation. Ntullrric::•l numbers from 1 t 'l  8 ind ics t e the oril"ntation of tluds tn the whor l .  
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o f  the growing season for all trea tmen t s . This indi c a t e s  t ha t  mos t  o f  

the shoot gr owth was already t e rmina t e d  b y  De c embe r . 

The emp i r i c al polynomial e qua t i ons were simila r  f o r  all treat ­

me nts . The r e l a t i onship b e twe e n  shoot  l e ngth and pos i t i o n  was e ssent ially 

l inear within the api cal whorl and the ne ga t ive slope was gre� t e s t  for  

the  c ontrol C T4 ) . The form o f  the  e quat i ons and the extent  o f  deviat i ons 

of the means from  the curve s de s c r i b e d  by  the equati ons showe �  grea t e r  

d i f ferenc e s  b e twe e n  t h e  treatme n t s  f or t h e  non-apical whorl pos i ti ons . 

The r e l a t i onship b e t we e n  shoo t  l ength and p os i t i o n  in  the 

subap ical whorls was inve s t i ga t e d  in gre a t e r  de tail in an analysi s  o f  

variance o f  t he Augu s t  measurement s ( Table 2 ) .  In thi s analysis 

phys i ologi cally i mpor tant c ompar i s on s  have b e e n  shown s e parat � ly wi thin 

the ma j rir divi si o ns of variance . 

4 . 1 . 1 . 1 .  E ff e c t  o f  treatme n t s  

H or i z ontal bending duri ng the dormant pe r i o d  ( T1 ) increas e d  

average sho o t  l ength ( over a l l  2 4  non-api cal p o s i t i o ns ) r e la t �v e  t o  the 

c on t r o l  C T4 ) . The e f fe c t  o f  b e nding a t  the late r  growing s tage s  o f  pe tal 

fall and sec ond c over s tage ( T2 and T3 ) was not signi f i cantly  di fferent 

from the c ontr o l . The e ff e c t s  o f  b ending a t  pe tal . fall ( T2 ) did  n o t  

d i ffer s i gni fi c an tly f r o m  t h e  e ff e c t s  o f  b e n d i n g  at t he s e c ond c over  

s tage ( T3 ) .  

4 . 1 . 1 . 2 .  E f fe c t  of pos i t i on 

Whe n  the api cal whorl was e x c luded the overall e ffe c t  o f  whorl 

group was small a nd was re solve d by the analysi s  int o a s ingle 

s ignificant  e f fe c t :  the average shoot  length ( taken ove r all t r eatme nts  

and e ight p o s i t i ons wi thin a whorl )  was greater in the  s e c ond whorl than 

i n  the fi rst or t hird whorl . Thi s  is shown graphically in F i g �  7-A , for 

e ac h  t reatmen t . W i th r e spe c t  to t he i n terac t i on of treatment  and whorl , 

the only signi f i cant c ompar i s on was de t e c te d  i n  T2 v s  T3 x linear e ffe c t 

o f  whorl . Thi s  was re flec ted b y  the la rger ave rage sho o t  le ngth i n  the 

third whorl of laterals bent a t  pe tal fall ( T2 ) . 

The ove rall e ff e c t  of sho o t  orien ta t i on was r e solved i n t o  two 

s i gn i f i cant c ompone nt s : i . e . , the sho o t s  gr o wn from the upper s i de of 

hor i zontal la t e rals were l onge r than those from e ither the  l ower or f lank 

and wi thin t h e  sho ot s from the upper s ide of the lat e ra l s , there was a 

l i ne ar increase i n  length fr om 2 orienta t i on through 2 o r i enta t i on t o  8 

o r i e ntat i on . 

The se  overall e f fe c t s  o f  orienta t i on were n o t  e qual as would 

have been expe c t e d  in all tr e atmen t s . I n  the c o ntrol t he upper , l o we r , 
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FIGURE 7 

The e f f e c t  o f  b ending for R e d  De l i c i ous ( Exp . 1 and 2 )  and Granny 

Smit h  ( Exp . 3 ) on shoot growth and flowering at the whorl group and 

o r i e nt a t i on . 

A .  R e d  Deli c i ous ( 2 9 )  in  Expe rimen t  1 .  

B .  R e d  Deli c i ous  ( 45 )  i n  Expe riment 2 .  

C .  Granny Smith ( 2 9 )  i n  Exper ime nt  3 .  

The means o f  e a c h  whorl gr oup are derive d from 5 0  sho o t s  for 

the ap i cal whorl ,  80 sho o t s  f o r  t he 1 st ,  and 2nd , and 3rd whorl in 

Exp . 1 ; 35  shoots for the api cal  and 56 shoots  for t he 1 s t ,  2nd , and 3rd 

whorl in Exp . 2 ;  40 sho o t s  for t he api cal and 64 sho o t s  f or the 1 st ,  

2nd , and 3 r d  whorl in  Exp . 3 . The means o f  the lowe r or i e ntation of  

the whorls are derived  fr om 1 ,  4 ,  and 6 ori enta t i on i n  the whorl 

ori gina t e d  from the 1 st ,  2nd , and 3rd whorl in Exp . 1 and 3 ; and the 

1 st to 5th whorl i n  Exp . 2 ,  exc ludi ng the ap i cal whorl . 

I n  s u c h  a way me nt i one d ab ove , the means o f  flank orienta t i on 

are d e r ive d from 3 and 7 o r i e nt a t i on in  t he whorls and the means of  

the upper o r i e ntation are  de r i v e d  from 2 ,  5 ,  and 8 orientation i n  

t he whorls . 
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and f lank orienta t i on of sho o t s  were without meaning , i . e . ,  no  obvious 

re la t i onship can be shown graphi cally ( S e e . Fi g . 7-A ) . S i g n i f i cant 

i n t e ra c t i on components were there fore expe c t e d  be twe e n  T1 and T4 , 

par t i c ulary wi th r e spec t t o  d i f ferenc e s  be t we e n  upper and l o we r  sho o t  

length and between the upper s h o o t s  a t  d i fferent  p os i t i ons w i thin the 

whorl in the la t e rals . The smal l  almos t  ' s i gni f i cant ( p  0 . 1 ) '  interac t i on 

c ompo n e n t  involving T 1 and T4 and c o mpar i s o n  o f  flank sho o t s  w i th the 

average of uppe r  and lowe r sho o t s  sugge s t e d  that the growth af  flank 

sho o t s  in the late rals bent  dur1 ng the dormant per i od was l e s s  than the 

ave rage of uppe r  and lower sho o t s . There fore , as  shown graphically i n  

Fi g . 7-A , average sho ot  length a t  the lowe r , f lank , and upper side on 

the horiz ontal dormant pe r i od bending lateral ( T1 ) i s  s e en as  a s t e e p  

slope o f  linear e f fe c t . 

The r e maining s i gn i f i c an t  c ompone nts of the treatment by  

or i e n ta t i on i n t erac t i on i nd i c a t e d  tha t  the upper-l ower e f fe c t  was 

grea t e r  i n  the lat e rals b e n t  a t  pe tal fall ( T2 ) than a t  s e c ond c over 

( T
3 ) and that the re sponse t o  later b ending treatme n t s  was less than 

the m i d-po i nt b e tween the r e sponse in th_ e arli e s t  bending t r eatment 

( T1 ) and the ' re sponse ' in the  c ontrol treatme n t  ( T4 ) .  The h o r i z ontal 

bend i ng dur i ng the gr owing s e a s o n  ( T2 and T3 ) ,  ther e f ore , c ould n o t  

indu c e  the sho o t  gr o wth from the  upper s ide o f  horiz o n tal laterals a s  

muc h  a s  t hat of t h e  hor i z ontal b ending duri ng t h e  dormant p e r i od ( T 1 ) .  

4 . 1 . 2 .  Expe r iment 2 ( Re d  De l i c i ous w i th 45 p o s i t i ons o f  la t erals , 

penaulous b endi ng ) 

The means of t o tal  s h o o t  growth from 45 p o s i t i ons among the  

di f f e r e nt seas onal pendulous b e nding treatmen t s  did not  show any 

d i f f e r e nc e s . The �e sults of a de tail e d  analys i s  of var ianc e of shoo t  

gro wt h  o f  buds i n  f ive sub-ap i cal whorls measur e d  i n  Augu s t  are shown 

in Table 3 .  

4 . 1 . 2 . 1 .  Effe c t  of treatments  

Average sho ot  l e ngth t akin g p o s i t i ons from f ive sub -apical  

whorls  showed no  s i gn i f ic an t  e f fe c t s  of treatment n o r  d i d  the  length 

o f  lat erals i n c lude d in  the api cal whorl . 

4 . 1 . 2 . 2 . Effe c t  of po s i t i ons 

The e f fe c t of whor l  group on sho o t  growth t aken over all 

treatments  was i n  the form of a quadratic  r e sp onse , with the interme d i a t e  

whorl gr oup means lower than t h e  f i r s t  and fi fth sub-api cal whorl 

group means . In fac t  the f i f t h  sub -ap i cal whor l  in the pendulous 
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A Dormant period pendulous 

bending (August) 

·· ........... . ', ·., ·,_ 
· .. 

( Apple variety - Red Del iciaus ) (45) '
··· ... 

'·· ... ·· ..... 
· .. ··,···,·., 

'· 
'· .. 

''····,···."· 

at 

whorl , 

F i g .  8-A . 

Effe c t  o f  

pe ndulous bending 
at  dormant period  on 

shoot gr o wth and flowering· 

d i f fe rent orie ntat i on ,  

and c lass of  shoots  in 

pos i t i ons of Red  De l i c i ous ( Exp . 2 ) . 

From 7 replica t i ons , the lengths of the 

groups of shoots are c las s i f i e d  as follows ; 

< 0 . 3  c m ,  0 . 3  1 0  c m ,  and > 1 0  c m .  

45 pos i t i ons were e xamined o n  the 1 50 cm la teral . 



B .  Petal fal l  pendulous 

bending (October) 

( Apple var iety - Red Del ic ious ) (45) 
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Fig . 8-B . Effe c t  of  pe ndulous bending at petal fall s tage on shoot 

growth and f lower ing at  d i f fe rne t orienta t i on , whorl , and 

class of  Rho ots  i n  45 p os i t i ons of  Re d Del i c i ous ( Exp � 2 ) . 
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c .  Second cover 'pendulous 

bending (November) 
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l Apple v a r iet y · Red Del ic ious ) (45) 

··. 
·····, .. 

· .. 

-�. 

'· 

·· .... ··· ... '
· .. 

F i g . 8-C . E f f e c t  o f  pe ndulous b e nding a t  s e c ond c ov e r  stage on shoot 

growth and fl owe r ing at  d i f fe r e n t  ori entat i on ,  whorl , and 

c lass o f  shoot s  in 45 pos i t i ons o f  Re d D e l i c ious ( Exp . 2 ) .  
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F i g . 8-D . Effect  of ver t i cal c ontrol on shoot growth and flowering 

at d i f ferent ori e nt a tion , whorl , and c lass of  shoots i n  

4 5  p os i t i ons o f  R e d  Deli c i ous ( Exp . 2 ) . 
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b e nding treatme n t s  i s  pos i t i on e d  a t  the arche d part o f  la t e rals s o  

t h a t  t h e  buds o n  the upper s i de of lat e rals a r e  like ly t o  induce 

v i go r ous sh o o t s  ( G ourmand ) as shown graph i cally in F i g . 8 - A  and B .  

The r e  were signi f i cant d i f f e r e n c e s  be twe e n  individual t r e a tment s in  
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the whorl e ffe c t  and T2 and T3 did not d i f fer i 8n i f i cantly from e a c h  

o ther or  c olle c t i v e ly froM the ave rage o f  T1 a n d  t h e  c ontrol C T4 ) .  The 

e ffe c t  of whorl gr oup was d iffe rent  in  the two extreme treatments 

( i . e . , T1 and T4 ) . Both had a s imilar quadrat i c  c omponent but whereas 

b e nd ing t o  a pe ndulous pos i t i on du�ing the  dormant p e r i od generate d  

a p o s i t ive  linear c omponen t  i n  the whorl r e sponse , a nega t ive  linear 

c omp onent was s e e n  in  the c o n t r o l  treatment . The earli e s t  b e nding 

treatment  incre a s e d  shoot growth in  the lower sub-ap i cal whorl , r e la t ive  

to  s h o o t  growth in  the higher  sub-ap i cal whorls ( Se e . Fi g . 8-A , B , C , &  D ) .  

The e f fe c t  of orienta t i on was e s sent ially s i m i lar t o  that 

o b s e r v e d  in  Exp e r i ment 1 .  Ove r  all treatme n t s , sho o t s  on the upper s i de 

o f  the lat erals ( as a re sul t o f  the b e nding treatme n t ) we r e  s i gn i f i c an t l y  

l onger than those o n  the lower s i de ( Fig . ?-B ; Shoot gr owt h ,  o ri enta t i on ) .  

The growth o f  sho o t s  from the f lank o f  the lat e rals was i n t ermediate . 

D i f f e r e nc e s  wi thin the sho o t s  f r om the upper  s i de o f  the laterals were 

less o b vi ous and not  signi f i c an t ly d i fferent  for all t r e a t ments . The 

s i gni f i c ant c omponents de t e c t e d  in the sub di v i s i on of the treatment s  by 

o r i e n ta t i on i n terac t i on were c on s i s t e n t  w i th greater prom o t i on of the 

sho o t  growth from the uppe r  s i de o f  laterals b y  ear l i e r  pendulous 

b e n d i ng . Other e ff e c t s  wi thin the sho o t s  growing from the upper s i de 

o f  the laterals we re inc on s i s te nt . 

4 . 1 . 3 .  Exp e r i men t 3 ( Granny Smi t h ,  hor i z ontal bending ) 

The pat t e rns of shoo t  growth in  Granny Smith are shown 

graphi cally i n  F i g . ?-C and Fi g . 8-A , B , and C .  Granny Smith 

c hara c t e r i s t i c al l y  has a numbe r  o f  longer sho o t s  spread sporadi cally 

from the middle to ths api cal  r e g i on o f  the v e r t ical c on t r o l  la\eral s . 

Fur the rmore , the produc t i on o f  a number o f  longer sho o t s  in  the 

hor i z ontal lat e rals resulting f r om the d orman t per i o d  bending , shi f t e d  

from the middle c e ntre in  R e d  D e l i c i ous ( Exp . 1 , Fig . 6 -A ) t o  the middle 

to  apical regi ons in Granny S m i th . The ' two - c e ntre pat t ern ' o f  sho o t  

growth ( Mullins , 1 964 ) i s  s e e n  more c learly i n  the d ormant p e r i od 

bending hor i z ontal lateral o f  Red D e l i c i ous than that o f  Granny Smi t h  

( Exp . 1 ) s o  that the main sho o t  growth i s  l ikely to  b e  a t  the api cal 

par t s  of the lateral in Granny Smi th . 

The results  o f  d e t a i l e d  analys i s  o f  varianc e o f  shoo t  growth 

i n  the three sub -api cal whorls measur e d  in  Augus t are shown in  Table  4 .  
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4 . 1 . 3 . 1 . Effe c t  of  treatme nts  

The average shoo t  length on laterals sub j e c t e d  t o  horiz ontal 

bending was s i gni f i cantly grea t e r  than i n  laterals l e f t  i n  the vertical 

( c ontr ol ) pos i t i on . There was no  signi fi cant di ffere n c e  be tween dormant 

peri o d  ( T1 ) and pe tal fall ( T2 ) bending. 

4 . 1 . 3 . 2 .  E f f e c t  o f  pos i t i ons 

The growth of sho o t s  decreased from the first  to  the  third 

sub-ap i c al whorl in all treat ments . The e f f e c t  of whorl over all 

treatments was e s sentially linear . The two bending treatments differed 

( 0 . 1 >p>0 . 05 ) i . e . , in T2 the whorl effect  appeared to  have a posi tive 

quadra t i c  c omponent similar t o  t hat dete c t e d  for all bending treatments  

i n  Experi ment 1 ,  wh ereas in T1 a nega t ive quadrat i c  c omponent was pre s e n t . 

The upper-lower e f fe c t  of  shoo t  orientat ion  seen in both 
Experiments  1 and 2 was also ob tained in this experiment where the 

effe c t  was greatest  on laterals bent horiz ontally in the dormant 

per i o d , interme diate on late rals bent at pe tal fall and absent in 

ver t i c a l  ( c ont rol ) la terals ( TLr ) .  D i f ferenc e s  among the shoots on the 

upper s i de of the lat erals were pre sent only on laterals bent dur ing the 

dormant period . In c ontrast  wi th Experiment 1 ,  bending at  pe tal fall 

d i d  n o t  produc e the decrease from orientat i on �' through orientat i on 

L t o  orien tation 8 .  

4 . 2 .  Flowering s e c tion 

The f lowering response of  individual sho o t s  was asse s sed 

simply as  fl ower ing or non- flowe ring . No  a c c ount was taken of  numbe r  

of  flowers  per shoot . All de tailed  data o n  flowering , t o  arrive at  a 

sui table t e chn ique t o  assess the cond i t i ons which should be c onsidered 

as fac t ors for the different c lasses  of sho o t s  are shown i n  F i g . 6-A , 

B , C , &  D for  Exp . 1 , 8-A , B , C , &D f or Exp . 2 , and Fig . 9-A , B , &C for Exp . 3 . 

4 . 2 . 1 . Exper ime nt 1 ( Red  D e l i c i ous 90 cm  lateral ) 

4 . 2 . 1 . 1 .  E f fe c t  of  treatments 

In the horizontal la t erals , whe ther bent dur ing the dormant 

per i o d  or during the growing s e ason , nearly 50% f lowe ring was measure d 

on the horizontal laterals , whereas 25% flowering was r e c orded i n  the 

ver t i cal c ontrols , inc luding f loweri ng i n  the api cal whorl . Horizontal 

bendi ng during the dGrman t p e r i o d  ( T1 ) increased flowering ( over all 

24 non-api cal pos i t i ons ). relative to  the c ontrol ( T4 ) .  The e ffe c t  of  

bending at  the later stage s o f  pe tal fall ( T2 ) and s e c ond c over stage 

C T3 ) was to s i gnifi cantly increase flowe ring above the average flowe r ing 
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A .  Dormant period horizontal bending (August ) 

( Apple var iety - Granny Smit h}{29) 
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Fig . 9-A . Effe c t  o f  hori zontal b e ndi ng a t  dormant pe r i od on s h o o t  gr owth 

and flower i ng at diffe rent or ientat i on , whor l ,  and c lass  of 

shoots  i n  2 9  pos i t i ons of Granny Smith ( Exp . 3 ) . 

From 8 r e p l i c a t i ons , t he lengths of the groups o f  s h o o t s  are 

c lassified  as follows ; < 0 . 3  c m ,  0 . 3 and 1 0  c m ,  and > 1 0  cm.  

29 posi t i ons were  examined on the 90 c m  lateral . 

cm 
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B �  Petal fal l  horizontal bending (October) 

( Apple variety - Granny Smit h)(29) 
1---- Leas thu 50 � aa8ple � More than 50 � aa•ple 
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Fig.  9-B . Effe c t  of hor i zontal b ending at petal fall s tage on shoot 

gr owth and flowering at di fferent orie ntat i on , whorl , and 

c lass of shoots in 29 positions of Granny Smith ( Exp . 3 ) .  
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C .  Vertical treatment (Control ) 
( Apple variety - Granny Smit h)(29) 
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F i g .  9-C . E f f e c t  of v e r t i c al c ontrol o n  shoot growth and flowe r ing 

a t  different orientat i on ,  whorl , and c la s s  o f  shoots i n  

2 9  positions o f  Granny Smith (Exp . 3 ) . 
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of  the dormant peri od bending and the  c ontrols . Petal fall be nding did 

not  br ing b e t t er flowe ring t han bending at  the s e c ond c over s tage . 

4 . 2 . 1 . 2 . Effe c t  o f  pos i t ions 

The results o f  the s tati s t i cal analysis  o f  flowering in the 

whorl are given in Table 2. Flowe ring was s i gn i ficantly greater in  the 

first  whorl c ompared with the third whorl ( over all treatments ) .  The 

flowe r i ng was marke dly increased in  the sec ond whorl as c ompared with 

the f ir s t  and third whorls . The bending trea tme nt during the dormant 

per i o d  ( T 1 ) pr omo ted fl owering in the third whorl . Flowe ring in the 

third whorl was greatly inhib i te d  in  the c ontrol ( T4 ) by api c al 

dominan c e  or apical c ontrol whi c h  also redu c e d  the number o f  outgr owths . 

C ompari s ons o f  flowering in  the whorl be twe e n  petal fall ( T2 ) and 

s e c ond c over s tage (T� ) showe d that there were sign i f i cant differences  

i n  the linear and non- linear re sponse �T2 ) .  The  flowering in  t he third 

whorl  was greatly inhibi t e d  a t  the s e c ond c over ( T3 ) , but not inhibi te d  

a t  the petal fall stage ( T2 ) .  The greatest  e ff e c t  o f  the bending 

treatment on flowering was demonstrat e d  in the sec ond whorl o f  lat erals 

bent  at the s e c ond cover s tage ( T3 ) Thi s was much greater  than the 

average of the first and third whorl at petal fall ( T2 ) o  The 

i n t e ra c t i on of the be nding treatment  and whorl in the ( dormant 

hori z ontal + c ontrol and pe tal fall + second c over ) b e nding treatments 

( T 1 & T4 vs T2 & T3 x linear respons e ) was refle c t e d  i n  the poor 

flowe ring o f  the third whorl in the s e c ond c over b e nding treatment  ( T3 ) .  

The e f f e c t  o f  orie ntation wi thin all treatme n t s  was t o  

promote flowering o n  the uppe r s ide b u t  inhibi t  i t  on  t h e  sho o t s  from 

the lower side of the la�erals ( Table 2 ) . The effe c t  was more pronoun c e d  

in  t he dorman t hor�zon tal b e nding ( T 1 ) relat ive t o  t h e  vertical c ontrol . 

C T4 ) .  P�omo t i on of  flowering on the shoo t s  from the upper side 

c ompare d  wi th the lower s i de of  the laterals was greater  in the p e ta l  

f a l l  bending ( T2 ) than in t be  sec ond c over b ending ( T3 ) , and was less  

i n  the  average o f  T 1 + T4 t han tha t  o f  T2 + T3•  Flowe ri ng on the  sho o t s  

f r o m  the flank o f  the la t erals was intermediate b e t we e n  that o f  the 

upper to  lower side . F i g . ?-A presents  percentage o f  flowering at  the 

lowe r , flank , and upper sho o t s  from the laterals for each treatme n t . 

Intere sting results arise from the very steep  slope from the lower t o  

the upper ori entation o f  flowering in  the dormant hori z ontal b ending 

( T 1 ) ,  compar e d  wi th the z e r o  slope i n  the vertical c ontrol . Howeve r , 

t h i s  kind of  slope among the orientation s  did  not hold the petal fall 

( T2 ) and s e c o nd c over s tage ( T3 ) ,  be c ause flower ing was similar on the 

s h o o t s  from the lower , flank , and upper sides . The perc e ntage of 
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flowering o n  the shoots from the upper side o f  the h o r i z ontal lat erals 

i n  the sec ond c over stage ( T3 ) was slightly less than that o f  the petal 

fall ( T2 ) Fig . 7-A ) , al though the di fference was not  s i gnificant . 

Within the ori enta t i ons over all treatments  such as � ' L '  and 

8 no  s i gni f i c an t  difference was found . However , flowe r i ng from the L 
o r i e nta tion was increased b y  the dormant hor i z ontal b e nding treatment . 

4 . 2 . 2 .  Expe r iment 2 

4 . 2 . 2 . 1 . Effect  of  treatme nts  

The  re sults o f  de tailed  analys i s  of  varianc e o f  flowe ring 

i n  f ive sub -apical whorls are shown in Tab le 3 .  

A small ' almos t  s i gni f i cant ' ( p>0 . 1 )  e ff e c t  was de t e c t e d  on  

flowe r i ng i n  the dorman t pe r i od bending in c o mparison wi th the  c ontr o l , 

exc luding the api cal whorl . Within the later growing- s tage -bending 

tre a tments , the pe tal fall b e ndi ng promo ted s i gni f i cantly more 

flowe r i ng ( p) 0 . 0 1 ) than in the s e c ond c over s tage . The ave rage o f  

flowering i n  the bendi ng trea tme nts  during the growing season ( T2 and 

T3 ) was greater than t hat o f  e i ther the dormant per i o d  b e nding ( T1 ) 

or the c ontrol ( T4 ) . 

4 . 2 . 2 . 2 .  Effect  o f  pos i t i o ns 

The ave rage percentages o f  flower ing at  each  whorl for the 

d i f ferent treatments are shown in Fig. 7- B .  The e f fe c t  o f  whorl groups 

on  f lowering taken over all treatments was in the form of a quadrat i c  

re sponse , wi th the means of  the intermediate whorl group being lower 

than the first  and f i f th sub-api cal-whorl-gr oup mean s .  

In  the interac t i on c omponent o f  bending treatments wi th the · 

whorl group s , a s igni ficant quadrat i c  re sponse was de t e c t e d  only 

be t we e n  the dormant period bending and the c ontrol ( Table 3 ) .  The 

e f f e c t  of whorl on flowering was d ifferent in the two extreme 

treatments . The average flowe r i ng at �he f i r s t  and 5th whorl i n  the 

v e r t i c a l  treatment exceeded the average flowering at the same whorls 

i n  the pendulous bend i ng dur ing the dormant pe ri od ( T1 ) .  The nega tive 

re sponse o f  fl owering in the 5 th whorl was associated  with the 

ac c e le ra t i on of shoot  gr owth in the dormant bending treatment . The se 

phenomena are shown d iagrama t i c ally in Fig. 8-A in whic h  many gourmand 

shoots are shown as s ol i d  l ine s at  the 5 th whorl . However , the over all 

promo t i on o f  flowering by bending was indicated i n  the dormant 

pendulous b e nding ( T1 ) ( p>0 . 1 ) c ompared with the v e r t i cal c ontrol  C T4 ) .  

B o th had a similar quadrat i c  c omponent but whereas the pendulous 

b ending i n  the dormant period  generated a pos itive  l i near c omponent i n  
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t h e  2nd , 3rd , and 4 t h  whorls , a negat ive l inear c omponent was seen  i n  

t h e  2nd , and 3 r d  whorl of  t h e  c ontrol ( T4 ) ,  indicat ing a n  interac t i on 

between t he pe ndulous treatment  and whorl . The int erac t i on sugge s t s  

that poor potent ial bud qual i t i e s  were overc ome to  s ome extent b y  the 

pendulous treatme nt . 

The e f fe c t  of o r i e ntation on flowering i n  Exp . 2 was 

essent ially s i mi lar to that observe d in Experiment 1 .  In over all 

treatme n t s  flowering on the shoots from the upper s i de of  the pendulous 

laterals was promo ted s i gn i f i cantly more than those on  the lower s i de . 

Flowering on t he flank shoots  was int erme diate . Flowering on the shoots 

from the lowe r , flank , and uppe r s i de o f  laterals for each treatment is  

shown i n  Fig . 7-B . In the d ormant pendulous bending t reatment ( T 1 ) 

there was a s trong independent relati onship of flower ing on orienta t i on , 

in whic h  flowering was insensit ive t o  orie ntat ion as  indicated  in Exp . 1 

and 2 .  F l ower i ng was gre a t ly de creas e d  i n  the upper s ide of laterals 

bent hor i z ontally at the s e c ond c over ( T3 ) ,  but was greatly i nc rease d  i n  

the petal  fall ( T2 ) bending treatme nt . 

Flowe ring was promo t e d  in the � orie nta t i on relat ive t o  the 

mean of the � + � orientat i ons , and there was no di fference be tween 

the  8 and 2 or ie ntat i ons . The  s i gni f i cant c ompone nts dete c t ed i n  the 

sub d i v i s i on of the treatme nt s ( T 1 vs T4 ; T2 vs T3 ; T1 & T4 vs T2 & T3 ) 

by o r i e nt ation were consi stent  with greater promo t i on of  flower ing on 

the shoots  from the upper s i de o f  the late rals , i . e . ,  earlier pendulous 

bend ing i ncreased flower ing . 

4 . 2 . 3 . Experiment 3 

4 . 2 . 3 . 1 .  Effe c t  of  treatme nts 

The analys i s  o f  var iance i n  Table 4 exhib i t s  the s i gnificant 

effe c t  o f  hori zontal b e nding on flowe ri ng . Experiment 3 on  Granny Smi t h  

was carr i e d  out in a s imi lar way t o  Expe riment 1 on Red Delic i ous except  

the s e c ond c over bending treatment was om i t t e d . 

The hori zontal bending treatme nt e i ther at  the dormant ( T1 ) or  

pe tal fall stage ( T2 ) s i gni f i c antly increased flowering r e lat ive t o  the 

ve r t i cal control ( T3 ) .  The re was no s igni f i cant di ffe renc e b e tween the 

dormant period ( T 1 ) and pe tal fall b ending ( T2 ) .  

4 . 2 . 3 . 2 . Effe c t  of  p os i ti ons 

The average pe rcentages of  flowe ring at each whorl for the 

different treatme nts are shown i n  Fig . 7-C . The flowe ring i n  t he whorl 

de creased  from the first to the third sub-apical whorl i n  all treatme n t s , 

as shown in the shoot growt h . The e ffe c t  o f  whorl over all t reatmen t s  i n  

flower ing was e ssent ially l i near . However , the minor e f fe c t  o f  whorl o n  
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flowe r i ng showe d  a quadratic  r e s ponse . There was probably le s s  flowe � 

i n  the f i r s t  whorl o f  the c ontro l .  In Granny Smith there was not a 

c learly de te c table interac t i on b e t ween bending treatment and whorl . 

The re fore , the pat t ern of flowe r i ng is di fferent from Red  Deli c i ous in 

whi ch the flowering at the third whorl wns pr omot e d  by the hori z ontal 

b ending t rea tmen t . 

The cons i s t e nt e f fe c t  o f  the upper-lower shoot orienta t i on on 

flowe r i ng f ound in both expe riment 1 an d 2 ,  was als o  obtained in this 

experime nt . The e ffe c t  was the gre atest  i n  t he dormant pe riod , inter­

mediate a t  the pe tal fall , a nd ab sent in t he ve r t i c a l  ( C ontrol ) laterals 

( T3 ) .  The flank shoot orientat i on showe d no s i gni f i c ant di fference in 

flowe r i ng r e lative to the average of  upper-lowe r orie ntati ons and 

i ndi c at e d  t hat flower ing on the shoots from the flank of the horizontal 

laterals was due to an in terme di a te e f f e c t  of the bending.  Flowering at 

the lowe r , flank , and upper si d e s  o f  the laterals for each treatment i s  

shown i n  F i g . 7-C . The steep  slope o f  the linear r e gression l i ne in T 1 
c ompare d  wi th the zero slope i n  the control ( T3 ) was also found in 

Expe r i ment  1 and 2.  Flowerin�  on the upper s i de of  the laterals bent 

horiz ontally dur ing the dormant period  was inc rease d .  Flowe ring was 

inhib i t e d  o n  t he lower s i de . Ther e  was no varia t i on i n  numbers  of  flower 

in the c ontro l  ( T3 ) be cause of no  orienta t i on such as  the uppe r , flank , 

and lowe r  o f  the late rals . The interac t i on betwe e n  t he treatme nts and 

orien t a t i on indicated s igni f i can t ly increased flower ing on the upper s i de 

of late rals in T 1 vs T3 ( c ontro l )  and T 1 vs T2 • In T 1 and T2 , t he 

inhib i t i on of f lowering in the lowe r  shoots on the laterals during the 

dormant period bending ( T 1 ) and the promo t i on of  f l owe ring on the l ower 

shoots  in the pe tal fall bending ( T2 ) are interac t ing with t ime of 

bending to bring about an e ffe c t  of b e nding on flowering .  

Flowering was promote d  at the 2 orienta t i on but there were no  

differenc e s  be tween 8 and 2 ori e ntati o n .  A s imi lar re sult is reported  

above for  Exper iment 2 . 

4 . 3 .  Relative growth rela t i o nship ( be twe e n  leaf area and shoot  growt h )  

4 . 3 . 1 . Leaf area 

The analyse s  of var iance for means of t o tal lea f · area and 

numbe r  of  leaves  are shown in Table 1 and 5 .  There were no  s i gnif icant 

di f ference s  among treatme n t s  for  mean t o tal leaf area �er sho ot and 

leaf number ( Tab le } ) . Howeve r ,  total leaf area among the treatme n t s  

d i f f e r e d  s igni f i cantly ( Table 5 ) .  This e f f e c t  o n  t otal l e a f  area was 
probably due t o  many d orman t bu ds on t he l owe r s i de whi c h  had no leave s .  

Espe c ially the mean of to tal leaf area was great ly r e duc e d ,  but t otal 

leaf area was the greate s t  i n  t he dormant period h or i z ontal bending . 



6 5  Table 5 .  S t udie s o n  s hoo t growt h  i n  re l a t ion to l e a f  area 

in the v e r t i c al and horizontal t re a t me n t sa 

Ho ri�ont�l 

I t ems 

Dorma n t  p e r iod 

I n i t ial 
v o lu me o f  
lat e rals ( cm3 ) 

I n c rement o f  
o ld lat e ral 3 grow t h  ( cm ) 

New s h o o t  
grow t h  ( cm

3
) 

83 . 6 9  

1 1 7 . 79 

1 0 1 . 7 8  

Total inc rement 
lat e ra l s  ana new ' 3 
shoo t s  ( cm ) 2 1 9 . 57 
( TISV ) 

T o t a l  l e a f  area 
2 

( cm ) (TLA ) 

Ra t io ( TLA/TISV ) 

a 

422 6 .64  

1 9 . 80 

bending 

Pe tal fall Sec ond c o v e r  C o n t r o l  

70 . 5 1 75 . 36 80 . 1 9  

92 . 6 1  99 . 02 236 . 40 

62 . 80 5 5 . 04 1 56 . 2 7  

1 54 . 06 392 . 67 

I 
I 3269 .07 , 35 1 8 . 65  

I 
I ' - - - - - - - - -

22 . 82 2 4 . 4 0  1 0 . 83 

Means w i t h in a so l id unde r l ine are n o t  sign i fic a n t l y  d i f fe r e n t  

a t  t he 5% l e ve l , and w it hin a dot t e d  und e r l i n e , a t  t he 1% 
l e v e l  by Dun c a n ' s  mu l t iple r ange t e st . 
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The Log t rans forme d data were used  i n  the case o f  the mean o f  t o ta� 

leaf area for  t he analyse s of var ianc e . F i g . 1 0-A , B , C , and D e xhib i t  

t hat there we r e  25 . 5% o f  buds o r  dar d s  whi ch had n o  leave s i n  the 

dormant per i o i  hor i z ontal bendi ng , 1 3 . 5% in the petal fall b e nd i ng , 

1 7 . 6% in the s e c ond c o ver b e nding , and 1 6 . 9% i n  the v e r t i cal  treatment . 

I n  the vert i c al treatme n t , 40% of t otal l eaf area o r i g i n a t e d  from t he 

t e rminal sho o t  and 30% from the sec ond sho o t  be low the t e rminal one , 

20% from the third sho o t  be low the t e rm i nal , and the rema inder f r o m  

t h e  re s t  of the shoots . In the case o f  t h e  dormant peri od b e nd i n g , 45% 

of t otal leaf area origina t e d  from the f i r s t  to the third t e rm i nals , 

and the r e s t  o f  the le af  area origina t e d  from 26 pos i t i ons o f  late rals . 

H o r i z ontal be nding at the s e c ond c ov e r  pr o duc e d  a s i m i lar leaf 

d i stribut ion . I t  i s  i n t e r e s t i ng to  ob s e rv e  that the ma j or pe r c e ntage 

of t o tal leaf area origina t e d  from t he api cal whorl in all the t re a tments . 

�he di s tr ibu t i on o f  leaf area i n  the late rals a t  each shoot  p os i t i on 

i s  shown graphi cally i n  F i g . 1 0 -A , B , C ,  and D . 1 

Thus fr0m the c ond i t i ons me n t i oned ab ove , the large s t  t otal 

leaf area was ob t a i ned  from the hor i z ontal b e n d i ng during the dormant 

peri od , c ompare d  w i th the hor i z ontal b e n d i ng treatme nt dur i n g  t he 

gr owing season . Be ndi ng dur ing the dormant p e r i o d  did  n o t  produc e 

s i gn i f i can t ly more leaves  than the v e r t i c al t reatmen t . The t otal leaf 

area i n  the ver t i c a l  treatme n t  was s i gn i f i c antly greater t han at the 

pe tal fall and s e c o nd c over . The e ffe c t  was n o t  highly s i gn i f i c ant a t  

t he se c o nd c over . There was no hi ghly s i gn i f i c ant d i ff e r e n c e  b e twe e n  

the pe tal fall a n d  sec ond c ov e r . The t otal leaf area was h i ghly 

c orre lat e d  wi th the sho o t  length in e a c h  treatme nt as i n d i c a t e d  in F i g .1 1 . 

4 . 3 . 2 .  S tudi e s  o f  ra t i o s  o f  t o tal  leaf area t o  t otal i n c r e ment  o f  

shoot vo lume ( R )  

There were n o  differe nc e s  i n  the i n i t ial volume o f  lat e rals 

among t he treatme nts  at the b e ginning of expe riments  ( Table  5 ) . The 

i nc re ment  of shoot  growth was s i gn i f i c an t  at the 5% leve l ( Duncan ' s  

mult ipl e range t e s t ) be t we e n  the d ormant hor i z ontal bending and the lat e  

s e a s on b endings b u t  n o t  at the 1 %  l e ve l .  �he dormant hor i z o ntal b e n d i ng 

c ould n o t  obtain a s  muc h  new i n c r e me n t  a s  tha t  of the ve r t i c al . 

Hori z on tal b endi ng after  shoo t  gr owth start e d  d i d  not pr o du c e  a 

d i f fe r e nce  i n  the v o lume o f  new sho o t  gr owth . C onsequently  t he t otal 

increment o f  lat e rals and new sho o t s  was grea t e r  i n  the  v e r t i c a l  

t reatment ( p < 0 . 0 1 ) ,  next i n  the dormant hor i z o ntal b e nd i ng , wi th  n o  

d i f ference  be twe e n  the petal fall a n d  se c ond c over bending . 

The rat i o� o f  t o tal leaf area t o  t o tal increme n t  o f  shoot  

volume were calculate d  ( Table 5 ) . This rat i o  was greatly r e duc e d  
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F i g . 1 0-A . Effe c t  o f  hor i z ontal bendi ng i n  dormant p e r i o d  on leaf area 
at di fferent orientat i on ,  whorl , and cla s s  o f  shoots in  2 9  
posi t i ons o f  R e d  Deli c i ous ( Exp . 1 ) . 

From 1 0  replic iations , the leaf areas are derived 

from t he groups of shoots as  follows : ( 0 . 3  c m ,  O o 3- 1 0  c m ,  

and ) 1 0 c m .  Lea f  areas were only measured i n  mid-summer . The 

black areas of peaks c orre spond wi t h  the h e i ght of diagram 

"" 

and indicate a mean o f  lP.a f  area at  the p os i t i on of the shoots . 

The lengths are repre sented  by a white bar at  each p os i t i on 
a t  t hat  t ime . 
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B .  Petal fal l  horizontal bending (October) 
( Apple var iety - Red De l ic ious ) ( 29) 
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Fi g . 1 0-B . Effe c t  o f  hor i z ontal bending a t  pe tal fall peri o d  on leaf  

area at  di ffere nt orienta t i on , whorl , and  c lass  o f  s h o o t s  

i n  29 pos i t i ons o f  Red  De l i c i ous (Exp . 1 ) . 
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c. Second cover horizontal bending ( N ovember) 
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Fi g . 1 0- C . Effe c t  of h or i z ontal bending at s e c ond c over stage on leaf 
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i n  2 9  p os i t i ons o f  Red De li c i ous ( Exp . 1 ) .  
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D. Vertical treatment (Control ) 
( Apple variety - Red Del iciaus ) (29) 
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Fig . 1 0-D . Effe c t  o f  vert i c a l  c ontrol  on leaf area a t  d i f f e r e n t  
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in the ver t i ca l  lateral , although t here were no sign i f i cant di ffere n c e s  

among the hori � o ntal bending treatme nt s , c o mpared w i t h  t h e  pe tal fall 

and second c over (T2 & T3 ) bendi ng treatments . 
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C HAPTER 5 

D i s cus s i on 

5 . 1 .  Shoot gr owth 

5 . 1 . 1 .  Total shoot length 

The r e lat ive shoot growth a t  e a c h  posit i on on the lat e rals 

i s  i llustrated  by the empir i cal polynomial e quation i n  Fig . 5  and 

diagrams o f  shoot growth on the laterals ( Fi g . 6 , 8 , and 9 ) .  The shoots 

on each lateral were clas s i f ie d  acc ordi ng to length , but there were 

t o o  few sampl e s  f or appr opr iate stat i s t i ca l  analys i s . 

The average shoot length i n  Experiment 1 and 3 u s in g  90 cm  

lat e rals (29  pos i t i ons ) was greater i n  t he dormant hor i z ontal b e nding 

treat me nt than in the ver t i cal c ontro l .  On the other hand i n  Experiment 
2 using the longer 1 50 cm laterals ( 45 pos i t ions ) , there were no 

s igni f icant d i f ferences in average shoot  gr owth be t we e n  all the 

treatments . The re sults obtained in Exp e r i ment 2 are the only one s 

similar t o  those o f  Mullins ( 1 964 ) who e xperimente d  on one year old 

whole tre e s  gr own horizontally , ver t ic ally , and i nve r t e d  in p o t s , and 

Mika ( 1 96 9  a )  who exper imented  with one year old laterals o f  t wo -year­

old apple tree s  b ent hor i z ontally , ver t i ca lly , and invert i cally under 

f i e ld c ondi t { ons . 
The d i s c repanc y be tween Exp e r i ments 1 and 2 i n  the average 

shoot length on the hor i z ontal bendi ng treat ment at  the 'd i fferent  
�easons i s  probably due t o  the  use  o f  90 and 1 50 c m  lat e ra ls . The 
1 50 cm lateral in Exper iment 2 did have b uds with the i r  p ot e nt ial 
abi l i t y  to grow out from the 90 to 1 50 cm  regi on.  There are m ore shoots 
over 1 0  cm  l ong from the hal f  length o f  t he 1 50 cm  laterals in Exp . 2 ,  
than i n  Exp . 1  i n  the ver tical c ontrols ( C hampagnat , 1 954 b and Maggs , 
1 963 a ) .  The longer shoots  are grown for a longer peri od fr om the 
middle part o f  the laterals to  the terminal region e nabling b e tter 
buds to  be  sprou t e d  for the next season . 

5 . 1 . 2 .  Ori entat i on e ffect  

The e ffe c t s  o f  ori entati on and  seasonal bending on shoot 

growth o f  the lowe r , flank , and uppe r  s i de of  laterals are shown in 

Fig . ?-A , B , & C . 

The grea t e s t  increase i n  shoot gr owth from the lower t o  the 

upper s ide was a f t e r  the dormant p e r i o d  b e nding , interme di a t e  after the 

petal fall bending , least  at  the s e c ond c over b ending , and absent i n  

t h e  c ontrol . T h i s  pattern of  shoot growth sugge s t s  that the i n terac t i on 

o f  shoot growth and apical dorminance ,  or apical c ontrol and 
I 
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ori e ntation  i s  influenc e d  by the seasonal bending . 

The interac t i o n  c omponent in the shoot growth r e sults i s  as  

follow : the first c omponent i s  the bud orie ntation such as lowe r , flank , 

and upper buds. in the horizontal laterals due to new orienta t i on . The 

s e c ond c ompone nt i s  the time of bending . In the laterals bent 

hor izontally at the dormant per i od , cytokinins from the root  c ould b e  

suppli e d  mainly t o  t h e  buds on  t h e  upper s i de (Ware ing , 1 970 ) rather 

than the buds on the l ower side whe n  the r o o t  ac t ively c ommences  in 

the early spring ( Luckwill and Whyt e , 1 96 8 ) . In addi t i on , perhaps 

anothe r reason c ould be c ons i dered  i . e . , that the accumula t i on o f  

inhib i t ors , e i ther auxi ns or ABA , are c ount eracted b y  c yt okinins 

pr odu c e d  from roots s o  t hat the buds on the lower s i de c ould not have 

available c ytokinins dur ing the dormant per i o d  bending treatment . 

C onsequently the hor i z ontal lateral c ould bear more terminal buds as 

a result  o f  bendi ng from the ve r t i cal t o  the hori z ontal p os i t i on , whereas 

the ve r t ical lateral has only a few terminal buds . The newly 

orientated  upper buds b e c ome the physiologi c a lly terminal buds 

( C hampagnat , 1 954 ) on the hor i z ontal lateral . Thus sho ot  outgr owth 

from the upper s i de of  h orizo ntal depends on the i nherent proper t i e s  

( Champagnat , 1 954 b ) .  

Severe winter pruning induc e s  longer and strong leader shoots 

from the remaining highest bud on the prune d vert i c al ( Maggs , 1 96 3 ; 

Krivko , Grigorov , Lepe sheva , 1 972 ) . Synthe t i c  cytokinins induce  

outgrowth of  buds b y  releasing them  from winter dormanc y  and  a 

c orre lat ive inhib i t i �n ( Pieniazek , 1 964 ; P i e niazek and Jankiewic z ,  

1 965 , 1 966 ; Poll , 1 96 8  a ;  Williams and Stahly , 1 96 8 ;  Pieniazek and 
Saniewski , 1 970 ) . The dorman t period hori z ontal treatment might have 

a simi lar effect  to wi nter pruning by induc ing the vigorous shoots 

to  supply c yt okinins ( Jones 1 96 5 , 1 973 ; Luc kwill and Whyte ,  1 96 8 )  t o  

e ither the terminal buds on the vertical lateral o r  the upper s i de o f  

buds on  the hori z onta l lateral . This has l e d  t o  have the sporadic 

di s tribution of gourmand sho o t s  along the upper s i de o f  the horiz ontal 

( Fig . 6 -A , B , & C , 8-A , B , &  C and 9-� & B ) . �hi s  expla ins why bud 

c ondi t i ons which obtain pos i t ively inherent prope r t i e s  for  sho o t  

outgrowth i n  the previ ous year c an b e  stimula ted b y  addi t i onal h or i z ontal 

bending in the current year . The higher per c e ntage o f  gourmand shoots 

produc e d  at  the 1 5t h  upper bud ori e ntation position i s  indicated  with 
a soli d line in F i g . 6 -A . 

The gre a t ·  de c rease i n  shoot  length wi thin the 1 s t whorl 

gr oup ( Fig . 7-A ) ;nd t he sl ight increase i n  shoot length wi thin t he 

2nd whorl group i n  90 c m  laterals o f  Red De l i c ious agr e e d  wi th the 
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two c e ntre pattern of shoot growth e s tablished by Mullins ( 1 96 4 ) . 
Howeve r ,  the degre e of  i nhib i t i on of  shoot growth on the l ower s ide  of  

the  laterals bent  during the  growing season , is not t he same as  t he 

dormant pe r i od · bending , b e c ause the bud outgrowth along the s e  laterals 

oc curre d  after  bud-burs t  on the vert ical laterals , following the 

phenomena of apical c ontrol (Champagnat , 1 954 b ;  Brown , McAlpine , and 

Kormanik , 1 96 7  ) .  

T he decrease o f  s l ope i n  the linear c ompone nt from t he dormant 

period bending to the s e c ond c over s tage oc c urs be cause there was 

number of shoots over 1 0  cm in length on the upper side of buds on t he 

hori zontal laterals . This c ould explain why t he inhib i t ors produc e d  

from the e xpanding terminal leave s and from expanded leave s o f  spurs 

are c ounte rac ted by c yt okinins e i ther s ynthe sised  in t he buds ( Le e ,  

Kesser , and Thimann , 1 974 ) or transport e d  from roots  t oge ther with 

gibbere llins , c onseque ntly reduc ing the se c ondary flush o f  terminated 

buds . Howe ver , the s t r iking phenomenon of  the  sec ond c over s tage 

bending is the induc t i on of  gourmand shoots , although a few g ourmand 

shoots wer e  present on the upper s i de of buds \ �fterJ b ending . Those 

shoo t s  gro w  c ontinuously unt il the later i n  the season ( Mullins , 1 96 4 ) .  

Howeve r , t he flank sho o t s  are not i nduc ed by the sec ond flush o f  growth 

after bending in the growing seas on , probably b e c ause they are 

suppli e d  with  le ss  c yt okinins from the roots relat ive to the shoots 

on the upper s ide of  the horizontal . The shoot  growth from the f lank 

buds i s  always interme diate at the dormant period bending . 

The angle of  or i e ntat i on in the sho ot  growth appears t o  have 

s ome physi ological c onse que nce s . The angle of apical meristem  t o  the 

hor i z ontal appears to a f fe c t  the inhib i t i on of shoot gr owth . Therefore , 

t o  di scuss the gravi ta t i onal e ffe c ts on sho ot  gr owth both the ori ginal 

and final orientati on of shoots and buds mus t be c ons idere d .  The 

di fferenc e be twe en the orientat i on of the api cal mer i s tem of the shoot 

and t hat of the sho o t  i tself  mus t  be c onsi dered . The growth hab i t  of 

a shoot trained in the hor i z ontal dire c t i on at  90° to the current shoot 

whi c h  deve loped from the buds on the verti cal laterals re duc e s  shoot 

extension c ompared with  the sho o t  trained ver t i cally ( McKenzie , 1 956 ; 

Ware ing and Nasr , 1 96 1 ; Koltunov , 1 971 ; Park , 1 971  i n  unpublished  data ) . 

In the present stud i e s , the upper , flank , and lower s i de of  bud 

orientat i on c ould b e  c onsi dered as 0° , 90° , and 1 80° t; t he apical 
meris tems at bud burs t  t ime . 

The present exper iments sugge st  that the l i near rela t i onship 

i n  the shoot  length from 0 ° ; 90° and 1 80° c ould be  e xplained by t he 

s i ne rule on gravi ty e f f e c t  ( Onaka , 1 949 ; Larse n , 1 96 2 ; Lunde g�r dh , 1 96 2 ; 
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Wardrop , 1 964 ; Robards , 1 966 ) . Data o f  Smith and Ware ing ( 1 96 4 )  

indicate  that the perce ntage s o f  bud-break o n  the lower si de buds 
e i t her from the c oncave and c onvex lat eral o f  the arched willow or 

from the 0 ° to 1 80 ° of the i nc lined c u t t i ngs of  wi l l owE , were ge nerally 

propor t i onal to the or i e nta t i on a ngle ( an angle of  bud i nse t i on to  the 

hor i z ontal ) and this was evident i n  the short pe r i o d  of 1 2  days . When 

the apple shoot growth from the ve1· tica.l t o  the i nvert i c al dir e c t i on 

( fr om 1 80 ° t o  0° ) is plot t e d  ( See Fi g . 1 2 ) , the shoot  length 

indicates  a s imilar linear re la t i on to t he angle a s  the sine rule 

( Edminster , 1 91 7 ) . Bud-break also exhib i t s  a simi lar rH sult in apple 

sho o t s  (Edmins t e r , 1 91 7 ) . 

The me c hanisms whi ch cause sho ot  length t o  be greater in  

la t e rals with ver t i cal than i nvert ical a r i c a l  me r i s tems i s  far from 
clear . The angle of the mer i s t ems to gravity (Polar i t y  of cell divi s i on 

to  gravi t y )  may he lp e i ther t o  determine the dire c t i on o f  sho o t  growth 

or to re gulate  the rate of  c e ll divi s i on , by  me dia t i ng the me tab o l i sm 

via balance  o f  plant hormones  in  th 9 api ca l  meris tem . 

The as s o c ia t i on o f  api cal mer i s tem o�ienta t i on with the 

hab i t  o f  plagiotropic and orthotropic growth must b e  influenc e d  b y  the 

apical meri s t ems . A profound e ffe c t . of bud position  on growth hab i t  
" 

after  propaga t i on i s  sh own i n  Araucaria exc elasa ( Vocht i ng , 1 904 ; 

Robb i ns , 1 964 ; Har tmarrn a n d  Ke s ter , 1 968 ) , S equoia s e mpervire!!§ 

( Robb ins , 1 964 ) , Hydrocarpus spp . , C o ffea arab ica ( Hartmann and Kester , 

1 968 ) , and in ·Taxus bac cata . 

Th e appl i c a t i o n  of synthe tic  gibbere l lic  a c i ds can cause 

diage o t r o p ic or pla g i o tropic branch8s  to  b e c ome ere c t  i n  several 

spe c i e s  ( Ru felt , 1 96 1 ; Wilkins , 1 966 ) . On the o ther hand , a growth 

re tardan t , c ountera c t i ng gibbe rellin b i osynthe sis , i nduc e d  the 

reduc t i on. o f  negative  ge otrop i c  growth o f  shoo ts  ( Ca the y , 1 96 4 ) . The 

runner of the peanut plant , sprayed with GA as sume s an ere c t  hab i t  of  

growth from the diage otropic form , whereas t he growth re tardapt s  such 

as Alar and revers e d  growth hab i t  modified  by the spray of GA ( Halevy , 

Ashri , Ben-Tal , 1 96 9 ) . The c ontent o f  endogenous gibbere llins var ied  

l i ttle b e t ween  the ere c t  and runner type o f  peanuts , but antagonism 

b e t we e n  the  nat ive gibbere lline and inhib i t i on is sub s tantially higher 

in  runner plants artd t he R f  of one of the se inhibi t i ons c orre sponds t o  

that o f  absc i s i c  ac i d  ( Halevy , As hr i , Ben-Tal , 1 96 9 ) . There fore , Halevy , 

A shri and Be n-Tal ( 1 96 9 )  sugge s t  tha t  there i s  a possibility  the 

geotropic growth of shoots can be re gulated  by antago n i s t i c  e f f e c t s  

arising b e tween endoge nous gibbere l l i ns and endogenous inhibi t ors a s  

c ontrolled b y  genes and plasma t i c  fac t ors . Woolley and War e i n g  ( 1 972 a )  



showe d that  the ra tio  of  plant hormones at the bud i nsertion i s  
primarily i mportant i n  influen c i ng the hab i t  o f  shoot  growth ; i . e . , a 

high rat i o  o f  gibberellins t o  c yt okinins induced a d iageotrop i c  hab i t  

with s t olons and a low ra t i o  a n  ortho tropic habi t  wi th leafy shoot s .  

The hab its  o f  branch gr owth , whi c h  may b e  c orrelated with 

the shoot gr owth at the di f fe rent bud pos i t i ons  as  well a s  the 

orienta t i o n  angle of the sho o t  i s  known to be controlled by plant 

hormone s . A wi d� crotch  angle can be induced  following the appl i c a t i on 

on decap i t a t i on with a pas t e  c ontaini ng 1% IAA , 0 . 1 5% 2 , 4-D ( Jankiewic z , 

1 970 ) , a spray o f  TIBA at 7 - 5- 1 2 . 5 cm  long ( Bukovac , 1 968 ; Poll , 1 968  b ) , 

a spray of  Male i c  hydraz i de ( MH )  at 23-29 cm long ( Jankiewi c z ,  1 960 ) , 

and the treatment with cytokinins BA and BAP wi th GA4 and GA7 o f  the 

d ormant buds (Wi lliams and B i llingsle y ,  1 970 ) .  All treatment s with 

the ab ove gr owth subs tanc e s  c ontrolle d the balanc e o f  e ndogenous plant 
hormon e s  in the plant t i s sue s , thereby induc ing a wide branch c r otch 

angle . Although the dire c t i o n  o f  shoot  growth did n o t  alter pe rmanent ly , 

s ome shoots tende d to  be  o f  negat i ve geo tropic gr owth during the season . 

There fore , t he angle of  the ap ical me r i s tem a t  the t ip o f  shoo t s  

appears t o  b e  a f fec t e d  by t h e  produc t i on of  plant hormones . In genera l ,  

the polar i t y  of apical me r i s t ems s e ems t o  be governed b y  a grav i tati onal 

e ffec t . 

5 . 1 . 3 .  Whorl e ffe c t  

The we ll deve l ope d s h o o t  grow th revealed a t  t h e  sec ond whorl 

regardless  o f  the treatments is embodied  in the quadra t i c  rela t i onship 

( Table 3 )  i l lustra ted  f or Red De l i c i ous in Exp . 1 .  A t the first and 

third whorl in  Exp . 1 the shoot growth was poorer even at the dormant 

horizontal bending . Thi s  pat tern of sho ot  growth is more or l e s s  

s imilar t o  t h e  • two c e ntre pat te rn ' of  sho o t  growth a s  describ e d  by 

Mullins ( 1 96 4 ) , although the  verti cal treatment as c ontrol did not show 

i t ,  it d i d  show an extreme acrotony type of shoot growth ( Champagnat , 

1 954 b ) .  The poor shoot  gr owth at  the f ourth whorl o f  Re d De li c i ous 

i n  Exp . 2 c o incides  wi th that of the first  whorl in Exp . 1 .  

Deve lopmentally t he pos i t i ons o f  t he four t h  whorl i n  Exp . 2 are 

m orphologically and chronologi cally the same as the f i r s t  whorl i n  

Exp . 1 . The i nduc t i on of sho o t s  over 1 0  cm  in  length on t he late rals i s  

s hown i n  the ver t ical 1 50 c m  length of  the c ontrol i n  Exp . 2 ( F i g . 8-D ) . 
Shoot gr owth among three  treatments  of  vertical lat e rals Exp . 1 , 2 and 

3 (Fig  6 -D ,  8-D and 9-C ) di ffers . Many shoots over 1 0  cm are sprouted 

from both the mi ddle and api cal parts o f  the lateralG in Exp . 2 and 3 

but  only thr e e  shoots from the api c al part in Exp . 1 ( Barlow and Hancock , 
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1 962 ; Maggs , 1 963 ; Mullins , 1 964 ) . This pattern o f  shoot  growth appears 

to  follow the c oncept ·of ' inherent ' prope r t i e s  ( Propr i e t e s  fixe e s , 

Champagnat , 1 954 b ) .  

C hampagnat ( 1 954 b )  states  that apical dominanc e in 

c orre lative gr owth i s  different in woody plants from t hat o f  herbac e ous 

plants in the following ways : ( 1 ) the quality of buds w i th ' i nherent ' 

proper t i e s  on the one - year-old shoot or lateral , the s e  prope r t i e s  

having b e e n  ac quired duri ng the phase of shoot deve lopment pre c ondi t i oning 

phenomenon , and ( 2 )  the inhib i t ion mechanism by whi c h  some plant 

hormone s in the t i s sues prevent bud growt h . The se subs t anc e s  are 

transport e d  e i ther i n  an acrope tal or bas ipe tal dire c t i on ,  re sulting 

from the ac t i o n  of the ap i cal groups on the organs o f  the basal parts  

or in a more  general way ,  or  as a c omb ine d influenc e o f  these  par t s . 

The s e  ' inherent ' prope r t i e s  c ould be cons i dered  as the 
' poten t ial bud qual i t i e s ' acquired dur ing the proc e s s  o f  the devel op ­

mental phase , and pre c ondi tioned by a gradient of seve ral plant 

hormone s . Thus growth and deve lopment pro c e s ses in the sequence from 

seed germina t i on t o  a s e e dling ( at the j uvenile phase ) or from a bud 

on the s c i on wood to a nursery tree ( at the clonal j uve nile ph�se ) 

( Park , 1 96 9 )  arc analogous to  shoo t growth from bud burst on the 

laterals dur ing the current growing s eas on . Thi s  analogy c overs the 

gradie nt phenomenon in development or  a process in the developmental 

phase . The se issues int erac t ing to acquire c ertain phys i ological , 

b i ochemi ca l , and morphological prope r t i e s  ( Greg ory and Veale , 1 957 ) in 

the buds b y  a gradient  of seve ral plant hormone s at that particular 

bud po s i t i on . The se prope r t i e s  are de termined by the propor t i ons o f  

IAA , G ibberellins , and A b s c i s i c  ac id , to  c yt okinins ; o r  a c omb i nat i on 

of each other at  the s tage of differe ntiat i on of the leaf primordia . 
For example a high rat i o  of IAA/CK + GA/CK or GA/CK , IAA/CK , or 

ABA/CK may induce abnormal different i a t i on whi ch i nduc e s  a j uvenile 

leaf i n  the case of a high rat i o  o f  IAA/CK + GA/CK and an arre s t e d  

leaf bud wi th a high rat i o  of IAA/CK or ABA/CK (Fig . 2 ) . Such a bud 

may re quire a higher c ontent of  cytokinins when the bud i s  c ommenc i ng 

t o  bur s t  and grow subseque ntly . In fac t , these po t e n t ial bud quali t i e s  

a t  the di f ferent p o s i t i ons re call a problem o f  phase c hange s i n  the 

me ristemat i c  c e lls and wi thin the terminology of t ophophysi s  ( Molish , 

1 91 5 ) , Cyc lophysis ( Se e linger , 1 924 ) , and periphys i s  ( Busengen and 
" 

Muc h ,  1 91 9 ) ( Br i e fly reviewed in Juven i l i t y  by Schaffal i t zky de 

Muckade ll , 1 95 9  and Park , 1 96 9 ) . 

The potential bud quali t i e s  at t he di fferent p o s i t i ons on  

the  one  year old shoo t , or on  the  current growing sho o t s , are 
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docume n t e d  for t he fl ower bud ini t ia t i on at the middle part of t he 

c urre nt apple shoots ( Zeller , 1 96 0  a ;  Feucht , 1 963 ) i n  plum ( Hassib , 

1 967 ) , i n  the morphological and s t ruc tural di fferenc e s  i n  t he t hree  

deve lopme ntal phases ( s low , rapi d  and slow)  in the l ong apple shoots  

( Mazurowa , 1 971 ) ,  in the c entre s o f  the  first flush growth zone at the 

node s 1 0- 1 1 and 1 3- 1 4  and in the s e c ond flush c entre at  the nodes 

2 1 -32 ( Crabbe , 1 972 ) , and ' Two c e ntre pat tern ' of  shoo t  gr owth ( Mullins , 

1 964 ) . Veale ( 1 955 ) found a c hanging gradient of bud gr owth pot ent ial 

a long the s te ms from the basal to the apical part , when is olat e d  buds 

of flax l Li num usitatissim�m ) are cultured . Cytokinins e spec ially can 

c hange the morphogene t i c  qual i t i e s  in terms o f  both t opophys i s  and 

c yclophys i s , providing evidence that the flower bud f orma t i on o c c urred 

i n  Bryophyllum ver t i c i llatum at  the marginals on the upper leave s and 

t he ve ge tative sho ots  on the basal leave s after the same treatment of 

BA ( Dostal , 1 970 ) . Barlow and Hanc ock ( 1 960 ) de mons trate d an experimental 

modi f i ca t i on of branch form in t he defoliation  and de capita t i on of 

c urrent grow i ng apple shoots ; i . e . , the numbe r  of indu c e d  axi llary buds 

growing in the c urrent apple sho o t s  is more or less propor t i onal t o  

t he numb e r  o f  leave s remove d ,  indicat ing a quadrat i c  relati onship i n  

shoot gr owth at t he c e ntre of the branc h . Thi s  gave an e xpre s s i on t o  

t he bud quali t i e s  i n  the devel opme ntal stage s o f  the axillary buds 

( Barl ow and Hanc ock , 1 960 , 1 962 ) . Maggs ( 1 959 a) also  sugge sted  that 

t he p o t e nt ial of t he indivi dual buds may vary acc ording to posi t i on 

i n  the developmental s tage s , although he did not obtain any difference 

in sho ot  growth from the different bud positi ons i n  the graftst i ck on 

the r o o t s t oc k  M XVI . Barlow and Hanc ock ( 1 960 ) sugge s t e d  that the 

outgrowth of axillary buds in current shoots  under apical dominance 

may be br ought about by the deve l o pment of buds in t he merist ema t i c  

c e ll , giv i ng evidence f o r  scale formati on by the pre sence  of the 

subtending leaf and crescent shape d le af produ c t i on by i t s  ab senc e . 

5 . 2 .  Fl owering 

5 . 2 . 1 .  Total flowering 

Explana t i ons o f  the e f fe c t  of gravi t y  on flowe r ing are 

c ontradi c t ory in the l i terature . In pre sent studie s ,  in t he 90 c m  

length laterals bent hori z ontally e i ther a t  the dormant period  o r  

during t h e  growing season i n  b o th R e d  Deli c i ous and Granny Smi t h , 

� ·lowering was almost  doubled c ompared with the ve rti cal  c ontrol.  

Betwe e n  t he horiz ontal bendi ng treatments in different seasons  there 

was no variat i on i n  the number o f  flowering buds . On t he c ontrar y ,  

the 1 50 c m  le ngth laterals in Exp . 2  had almost  the same degree  o f  
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flowe ring be twe en the pendulous bend i ng during the dormant p e r i o d  and 

the verti cal c ontrol , w.he reas the pendu l ous bending treatme n t s  i n  t he 

growing season increased flower ine as  c ompared with the ve r t i ca l  

c ontro l .  S imilar re sults were obtaine d by Mullins ( 1 96 4 )  a n d  Mika 

( 1 96 9  a ) . This may arise be cause the increased flower ing on t he upper 

side is offse t by decreased flowering on t he lower s i de of the 
pendulous laterals . In add i t i on gourmand shoots are produc e d  on t he 

upper side of pendulous laterals in the d ormant per i o d  bendi ng .  The 

increased flowering on the vert i cal laterals is due to the produ c t i on 

of reasonable shoot growth in regi ons from the apex t o  the 3rd whorls 

( Ze lle r , 1 960 a ;  Feucht , 1 963 ; Mullins , 1 964 ; Hass ib , 1 967 ; Mazur owa , 

1 97 1 ; Crabbe , 1 972 ) .  

The flowe r i ng o f  a sho o t  can also be interpreted  i n  t e rms o f  

the ' inherent ' prope r t i e s  of the sho o t  Ghampagnat ( 1 954 b ) .  The e ffec t s  

o f  t4e petal fall be nding of pendulous laterals on flowering may b e  

balan c e d  by the s t i mulate d  induc t i on o f  shoot gr owth from along the 

1 50 c m  la terals and t he c e ssa t i on of shoot gr owth from t he lower ta 

upper s i de of b endin g  lat e rals . On the other hand , generally the poor 

flowe r  bud forma t i on oc curred in the 90 c m  lengths of Exp . 1  and 3 .  

Because the b e t ter buds from the middle t o  the t erminal end o f  shoots 

were e limi nated b y  r e duc ing the laterals to a 90 c m  length at  the 
be ginning of the expe r ime nt s . 

5 . 2 . 2 .  Ori e n t a t i on e ff e c t  

�he or i e ntation o f  sho ots  on the hor i z ontal and pendulous 

bending la terals dur i ng the dormant period  is a c r i t i cal fac t or i n  

induc ing flowe r i ng . The upper s i de of a sho ot had greatly increased  

flowe r i ng ,  the l ower s i de of sho ots  almost  no flowe r ing , and  t he 

flank had intermediate  flowering . In the se lat erals , api cal dominance 

no longer exists , but new orientati ons such a s  the upper , flank , . and 

lower s i de of buds on the hori zontal or pendulous laterals play a role 

in gove rning the outgrowth o f  shoots and subsequently the i nhi b i ti on 

of flower bud forma t i on b y  an imbalanc e  o f  auxins and cyt okinins 

betwe e n  the upper and lower side of the b e nd ing laterals . This 

empha s i z e s  that t he buds which  are impe ded  at  the early bur s t  s tage 

by the high auxi n pr o duc t i on from e xpanding leaves ( Wardlaw , 1 96 5 ) 

and api cal meristems ( Luckwill , 1 964 ) on  the upper and flank s i de s  o f  

shoot s  may require a higher amount o f  c yt okinins to  burst . The r e f ore , 

such buds and dards whi ch remain at  a d ormant stage throughout the 

growing sea son are n o  longer able to i n i t iate fl ower buds , unl e s s  the 

required  minimum numbe r  of leaf primordia in the buds i s  achieved  
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after bud bur s t , by a reduct i on in the plast ochrone ( Fulfor d ,  1 96 5 , 1 966 

a , b , c ) .  The i nhibi tory e ff e c t  of shoot  outgrowth and c onse quent 

restri c ti on o f  flower bud forma t i on on the buds and the dards o f  the 

lower side  o f  t he hor i zontal and pendu l ous laterals is s i m i lar to the 

third whorl d e ve lopment of the vert i cal c ontrol . There are no leaves in 

the dormant buds and few primary small leave s in the dards on the lower 

side of the hor i z ontal lat erals . 

The promo t i on of  flowering on the lower s i de o f  shoots and 

spurs of  the s ho o t s  b e nt during the growing season may be due to 

c ondi t i ons e s t ablishe d be fore b e nding . S ome of  the sho o t s  whi ch were 

c ont inuously growing in the ver t i c al p o s i t i on can slow d own shoot 

gr owt h ,  but after  bending are s i tuat e d  on  the lower orientation o f  the 

hor i z ontal or pendulous laterals so tha t flowering can be init iat e d . 

Some of  the shoo t s , spurs or buds whic h  are now on the upper s ide o f  

laterals can b e  s t imulated t o  renewe d growth b y  supplying c yt okinins 

from the roots  or by r e c e iving an optimum level of  c yt okinins 

suff i c i e nt to induce flowering without e nc ouraging the s e c ond growth . 

It has been  long observed that there is a c lose  r e lati onship 

b e twe en the c e s sa t i on of  shoot growth , s pur leaf expans i on ( Fulford , 

1 962 ) and fru i t  bud forma t i on in apple trees  ( Swarbrick , 1 92 9 ;  Dav i s , 

1 957 ) . The se phenomena are now assoc iate d with morphological � hanges 

i n  bud development in rela t i on to  plas t o c hrone and bud - s c ale forma t i on 

( Fulford , 1 965 , 1 96 6  a , b , c ;  Abb o t t , 1 970 ) . The relati onship be twe e n  

t he t ime of c e s sa t i on of  shoot growth and renew o f  s h o o t  gr owth i s  

c hange d by or i entat i on e i ther in t h e  dormant period o r  t h e  growing 

s eason , and is c lo sely associated  w i th the i nduct i on of p o s i t i ve and 

ne gat ive flowering . The pattern of  int errupt ing plant hormones in t he 

growing season b y  t he change o f  orienta t i on may have a phys i ological 

s i gnifi cance . Tr omp ( 1 96 8 )  ob taine d an increased flowe r i ng on the 

laterals bear i ng fruits by changing the ori entat ion of  e i ther ver t i cal 

or  hori z ontal late rals whi ch were kept up to t he cessa t i on of shoot 

growth , whereas he c ould not increase flowering on the hor i z ontal 

laterals bearing fruit whi ch were kept horizontal for the whole growing 

season . On the o ther hand , Mullins ( 1 96 4 )  did not ob tain increased 

f lowe ring when he t i e d  down the branches a t  d i fferent t imes  i n  the 

season from b o th e i ght -year-old and 1 5- year-old apple tre e s , 

b e c ause the s e c ond flush of  shoot growth i nduc e d  gourmant shoots . 

Furthermore he found that summe r pruning i nduc e d  a gre ater  number o f  

flushe d shoots  on  t h e  bending laterals , t hereby reduc ing the r.umber 

o f  fruit  buds i n  the bending branche s . Lalatta ( 1 95 8 )  ob taine d  fewer 
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He m i sphere ) . Fulford ( 1 96 2 ) also reported that de foliat i on reduces. 

flower bud formation by allowing a new flush of leave s . The inhib i t i on 

o f  flowering o c c urre d by the f lushing of the t e rminated shoo t ( Ogaki e t  al , 

1 963 ) .  The flower initia t i on from the shoots  whi ch were flushe d from 

the t e rminate d  spurs and dards by the de foliation , de frui t ing , and 

hor i z ontal or pendulous b e nding dur ing the growing seas on is dependent 

on the subse quent growth c ondi t ions of shoots or spurs . I f  there i s  no  

c hange o f  plas t oc hrone ( Fulfor d , 1 960 , 1 96 5 , 1 966 a , b , c )  after 

flushing of leaves from the  t e rminated buds , there we re no inhib i t i on 

o f  fl ower bud formati on . I f  the plastochrone i s  de laye d 1 8  days a bud 

will not c onver t  into a flower bud . In  fac t ,  the plas t o c hrone i s  

c onsis te ntly 7 days i n  those buds whi c h  are initiated  into  a flower 

bud , whe ther t he buds are te rminate d  in the early period  of the 

growing season after be ing re leased from dormancy , or are flushe d from 

the spurs whi c h  are already terminated in the growing season by 

d e frui t i ng and de foliation . Fulford ( 1 966 c )  ob tained flower bud 

f orma t i on after the flush of bud growth from the b ourse b y  defruiting 

at  the  end  par t of June ( Nor thern He mi sphere ) before flower bud 

ini t ia t i on . This de frui t i ng e ff e c t  might be due to  the e limina t i on of 

the auxi ns and the gibberellin  inhib i t ory effe c ts ( Fulford , 1 96 6  c ;  

Luckw i ll , 1 970 ) from the fru i t s  to  the b ourse buds and sub s e quently 

the supplied c yt okinins from the roots  can int erac t with  the inhib i t ory 

e f fe c t s  from the expande d foliage so  that the buds c an rec ommence 

growth for a c ertain per i od t o  have a terminated bud at the 7 days 

of plast ochrone , at whi c h  stage the flower bud is formed ( Fulford , 

1 965 , 1 966 a , b , c ) . There f ore , i f  the hor i z ontal b e nding treatme nts  

induce  the  spurs , terminal , or  axillary buds of the new current 

sho o t s  on  the hor i z ontal lateral by the 7- day plas t oc hr one t here will 

b e  a flower bud formed even  after flushing t he leav e s  from the 

t e rminated buds by bend i ng i n  the growing season. In  gourma nd 

shoo t s  i f  the t ime at whi c h  gr owth of the flushed buds c e as e s  does  

not  allow the deve lopment o f  a terminal bud by the 7-day plast ochrone 

at  t he late autumn , a flower bud will not be b orne on them . S ome 

gourmand shoo t s  c ould b e ar flower buds on axillary buds i f  the plant 

growth substan c e s  are balanc e d  to induce  the produc t i on o f  bud 

primordia , as the 7-day plas t o c hrone in the terminal buds . The 

c on s i s te nt de c rease in flowe r i ng of the upper s ide o f  laterals bent  

h or i zontally a t  the stage o f  sec ond c over in Re d Deli c i ous o f  Exp . 1 

and 2 ,  i s  brought about b y  the sec ond flush o f  growth , although s ome 

o f  the shoots whi ch were de laye d duri ng t he rest period  b y  the 
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induc tion o f  horizontal laterals c an b e  e xpected t o  have an ini t i at i on 

of flowering i n  Autumn ( Zatyls o ,  1 970 ) . 

The se c ond growth flush br ings slender and thin spu�s but 

se ldom deve lops flower primordia . On the o ther hand , the c onsi s t ently 

inc reased fl owering , i n  all  exper iment s ,  on the upper s i de of 

laterals bent  during the dormant per i o d  sugges ts that there is an 

assoc iation with shoot extens i on . It is not c onclude d that  sho o t  

extensi on and flower bud formation a r e  c orrelated in t h e  pre sent  dat a ,  

b e cause most o f  the l one shoots b ore the flowe r  primordia i n  the 

axillary buds ( Zeller , 1 960 ) . Pieniazek , Mika and S o c zek ( 1 96 7 )  also  

demons trated  that flower bud forma t i on on the different t ypes of 

shoots , suc h  as long shoots or spurs , depends on the vari e tal 

c harac teri s t i c s . The c limat i c  c ondi t i ons are  also involved as fac t ors 

induc ing flower bud forma ti on . The terminal buds of long sho ots  and 

e ven those produ c e d  from bourse buds c an eas ily produ c e  flower ing i n  

Granny Smi t h , whereas the se can be  e a s i l y  produce d  on t h e  shor t shoots 

or spurs i n  Re d Delic i ous . In the present s tudies , flowe r i ng oc curred 

on the long shoots on the upper side o f  the horizontal lateral , b e nt 

during the dormant period , both i n  Red Deli c i ous and Granny Smi t h .  

There was an increased flowe ring i n  the te rminal buds o f  the 

short shoots  and spurs on the upper s i de of the hori z ontal la t e rals . 

The reason mi ght well be  due to  the level o f  c ytokinins b e ing i n � 

ade quate t o  i nduc e the s e c ond flush o f  growth , but suff i c ient t o  

i nduc e an ac tivity  of c e ll m i t o s i s  o r  produc t i on of primordia i n  the 

bud and sub s e quently flowering was i nduc e d  i n  the buds . Summer 

application of n i trogen after c e ssat i on of shoot growth s timulates  

flower bud f orma t i on marke dly ( Williams and Rennison , 1 96 3 ; Willi ams , 

1 96 5 ) , probably due t o  the increas e d  c ytokinins from the roots . Api c al 

dominanc e whi c h  c an be  released by h i gh nitrogen appl i c a t ion  i n  

flax plants  ( Gregory and Ve ale , 1 957 ; Mcintyre , 1 96 8 )  i s  probably due 

t o  the increase  of cytokinins pro du c e d  from the roots . 

5 . 2 . 3 . Whorl e ff e c t  

The e ff e c t s  o f  whorl o n  flowe r i ng among the b e nd i ng 

treatments are remarkable as i s  shown in the phys i ological  s i Gn i f ic ance 

o f  the potent ial bud quali t i e s  in shoot growth . The most abundant 

flowering o c c urs in t he api cal whorls i n  all treatme n t s , b e c ause of 
the vigorous extension shoot growth i n  the c urrent year ( Rudlo f f  and 
Feucht , 1 95 9 ; Ze ller , 1 960 ) . The extent o f  flower ing on  t he current 

shoots has been ment i oned already i n  t he d i scussion o f  shoot gr owth . 

Increased flowering from the mi ddle part of the current  shoots from 
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the horizontal bending late rals were ob s erved by Mullins ( 1 96 4 , 1 966 b ) .  

The e ffe c t  of gravi ty on flower bud format i on and shoot growt h  are 

evi dent in terms of the pot e nt ial bud quali t ies  of the different 

whorls . The f i r s t  whorl had small buds on the lat e rals in the previ ous 

year so  that the gr owth of buds and sho o t  were also affe c te d  ( Fi g . ?-A ) .  

The buds on the first  whorl i �  Re d De l i c i ous had b e e n  severely 

influenc ed by a drought in the previ ous year , but Granny Smith was 

le s s  affe c t e d .  The p otent ial oud quali t i e s  in the s e c ond whorl 

de monstrate a b e tter  flower bud forma t i on whi ch was increased by the 

seas onal hor i z ontal bending in Exp . 1 of Re d De li c i ous . Po orer flowe r  

bud formation oc curred i n  t h e  third whor l  c ompared wi th t h e  v e r t ical 

c ontrol.  The poorer flowe r bud forma t i on i n  the third whorl c an be  

over c ome by the hor i z ontal bending treatments  wi th Red Delic i ous but 

not in Granny Sm ith . Champagnat ( 1 954 b )  e mphasized  that there are 

different respons e s  b e twe en spe c ies to shoot outgr owth from the upper 

side of a bud b y  the arching treatment  at the di fferent t imes . This 

fac t is seen in the third wh orl in Granny Smi th , whe re fl ower bud 

formation was n o t  s t imulated by the bending . All phenomena are 

c orrelated wi t h ' i nherent ' pr opert i e s  ( Cha mpagnat , 1 954 b ) .  Here again 
the potential bud qualities  in the flower bud forma t i o n  of the verti c al 

c ontrol ( 1 50 c m  length o f  lateral ) i n  Exp . 2 are posit ive s o  that 

there was only a small e f fe c t  of dormant period horiz ontal bending 

on flowering . The increase d  flowering i n  the 3rd and 4th whorl was 

c ompensated by the decreased flowering in the 5th whorl from whi c h  

gourmand sho o t s  had b e e n  produc e d . T h i s  was the arche d par t o f  t he 

pe ndulous bending laterals . 

The reas on why there are c ontrad i c t ory data on flowering 

and shoot growth w i t h  the r e gard t o  the e ffect  of grav i t y ,  i s  possib ly 

due t o  the var i at i on in po tent ial bud qual ities  i n  the lat e rals use d 

for the exper iments as we ll as the degree of vigour in the laterals 

and trees used by the di fferent resear c h  w orkers . Potent ial bud 

quali ties  wi th pos i t ive re sponse wi ll i nduce an outgrowth o f  buds 

so  t hat flowe r bud formati on will be  increased in that lateral . I n 

thi s case the e ff e c t ivene s s  o f  bending may reduc e i t  by b ringing 

more vigorous shoot s , whereas the potent ial bud quali t i e s  whi c h  have 

a ne gat ive response may induce  an out gr owth of buds , thereby i nduc ing 

a proper shoo t  gr owth so that flower bud f ormation will b e  increase d 
by the bending . There fore  e f fe c t ivene ss  of gravity var i e s  with the 

' inherent ' prope r t i e s  of buds . 
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5 . 3 . 1 .  Lea f  area 
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It i s  i nterest ing t o  note that 90% of total leaf area is 

derived from the three uppermo s t  terminals in the ver t i c al lateral in  

c ontrast  with 45% o f  total leaf area in the dormant period  bending 

horiz ontal lateral . Total leaf area was not affected  by hori zontal 

b e nding dur ing the dormant peri od , be cause of the gourmand sho o t s  

produc e d  from the upper s ide o f  shoots on the horizontal laterals . 

Howeve r , Vassev and Mitov ( 1 96 8 )  f ound that total leaf area was greatly 
r e du c e d  by arching laterals during winter pruning c ompare d  with the 

vertical lat e rals . Alexander ( 1 96 9 )  also f ound that leaf we i ghts in  

the vertical laterals of peach and orange tre e s  were greater than that 

of 45° and horiz ontal laterals . In the present studi e s , t otal leaf 

area was greatly reduced in the hori zontal laterals b e nt during the 

growi ng seas on.  The se were r e du c e d  by a numb er of gourmand shoots 

and terminal shoo t  growth . 

Total leaf area is c losely c orre lated wi th shoot  length , 

although eac h treatment has a di fferent r e gression c oe ff i c ient as  

shown i n  Fig � 1� Vas sev and Mi t ov ( 1 96 8 )  f ound that average leaf size  

was greater in the verti cal laterals than in the arched ones . There 

was a t endency f or the large s t  leaves to be observe d on the vert i cal 

laterals ( Maggs , 1 960 ) . Blinovsk i j  ( 1 971 ) reported that hori z ontal 

bending increas e d  the leaf area per uni t  o f  shoot lengt h .  However , 

leaf areas on the three upper most  terminals were similar in all the 

treatments  in the pre sent s tudi e s  ( Fi g $  A , B , C , D) .  There is s ome 

varia t i on in leaf area among the di fferent shoot posit i ons on the 

horizontal and vert i cal late ral , b e cause of the orienta t i on of shoots 

in  the hor i z ontal laterals and the vigorousne ss o f  shoot growth . 

5 . 3 . 2 . Rat i o  o f  t otal leaf area t o  t o tal increment  o f  shoot  volume 

Shoot growth has b e e n  d i scussed  already in terms of the 

shoot extens i on among the hor i z ontal and vert ical treatments . 

Quan t i tative growth us ing the volumetric  me thod has b e e n  measured 

in order t o  find a simple phys i ol ogical index of  vege tative and 

repr oduc t ive growth . In the pre s� nt stud i e s  the t e rminology of growth 

analysi s  in terms of relative gro wth rate ( RGR ) , uni t  leaf rat i o  ( ULR ) , 
and leaf area ratio  ( LAR ) ( Evans , 1 972 ) c ould not b e  u s�d .  The formula 

of 

Total leaf area 
whi c h  is analogous to leaf area rat i o  i n  
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growth analysi s  was used  in the pre s e n t  s tudie s . W2 -w1 i s  only t he 
increment of shoot volume of  new and old shoots during the whole  

gr owing season . Leaf we i gh t , therefore , i s  not  inc lude d in the 

increment fac t or o f  gr ow th . The we i ght o f  r oots c ould not be  measur e d  

i n  these s tudi e s . 

Whe n shoot extensi on was c ompared be twe e n  the dorman t period 

hor iz ontal bending and ve rti cal treatmen ts , the  ave rage shoo t  length 

was greater in  t he horizontal laterals . On the other hand , the volume 

of shoot growth was s i gni ficantly greater in the ve r t ical trea tment . 

The se results sugge s t  that the numb e r  of  shoots whi c h  we re spr outed 

from the upper side  of  horiz ontal lat erals did not  increase i t s  

volume . I n  the growth index R i n  the present s tudi e s , the smaller rat i o  

found in  the ver t i c al tre atment was due t o  the markedly increased  

increment of new  lat e rals and not  t o tal leaf  area c hange s . On  the 

other hand , the higher ra t i o  was found i n  all the horizontal b e nding 

treatments . The smaller rat io  in the ver t i cal laterals can be due 

to an increase in  the vegetat ive shoot growth . There fore , it c ould 

be used as an index of pr omot ive reprodu c t i ve growth . The small e r  

rat i o  may also be a measure of  leaf e f f i c i e ncy to  produc e t h e  increment 

of shoot growth . The leaf e ffic ienc y  o f  the growing area of  the vertical 

laterals may b e  increase d ,  be cause the f ixation of  co2 c ould b e  

greater in the e xpanding leave s than in t h e  extension of sho o t s  

( Hansen , 1 967 a & b ,  1 969 ) . The b e t t e r  shoot growth occur s  in  long 

duration growth ( C ook , 1 941 ) . There mus t  be a longe r growing p e r i od 

in the vertical late rals . There was no  s i gnifi cance  in t he extra period 

of growth of the ver t ical laterals ( Table 2 )  probably be cause there 

wer e  only two or thr e e  shoots which c ould grow for the l onge r period  

from the 29 positi ons of  shoot s . Thi s  c ont inuous gr owth from the  

upper and nearby shoot s in the  vert i c al lat erals was observe d and 

c ould c ontribute to the increased thi ckne s s  of  new laterals in  the 

vert ical treatme nt . The cambial ac t iv i t y  t hroughout the growing 

season is dependent on the auxin and gibberellin produc t i on f r om 

the expanding t erminal gr owing area i n  the laterals (Ware ing , Hanne y ,  

and Digby , 1 964 ; Digb y  and Ware ing , 1 966 ; Kozlowski , 1 972 ) . The 

increased cambial ac t ivity in the late rals and a newly e s tabl i shed 

growing area in  the terminal parts of  shoots in  the ver t i cal t reatment 

ac t as sinks for  nut r ients and phot os ynthates transporte d  from o ther 

parts  of  the t r e e s  and utilized for vege tative gr owth . In t h i s  way , 

a sink system i n  the vert ical treatment may also c ontribute t o  an 

increase in e ff i c iency  of leave s as f ru i t s  es tablish to  increase  leaf 

effi ciency ( Chandle r  & Heini cke , 1 925 , 1 934 ; Mochizuki , 1 96 2 ; Maggs , 
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1 963 ; Hansen , 1 967 a ;  Lenz , 1 967 ) . On  the other hand , the  pho t osynthates  

i n  t he leaves  of  the .hori z ontal late rals c ould b e  t ranspor t e d  to  

other  branches and roots  s o  that the  growth increment of  the 

hori z ontal laterals i s  less than that of  the verti cal laterals . 

The pattern o f  dis tribu t i on o f  assimilat e s  from the var i ous 

leaf p o s i t i ons is different  b e twe en the hori z ontal and ver t ical 

laterals . The assimila t e s  of co2 f r om the young leave s in the fast  

growing ve r t i cal shoots  are  mainly t ransport e d  t o  the  a c t ively gr owing 

areas , and not  t o  other regi ons ( Quinlan , 1 964 ; Mika , 1 97 1 ; Hanse n , 
1 96 7  b ) .  Ass imilates from leaves at  the interme diate region o f  ver t i cal 

laterals we r e  distribut e d  in both direc t i ons , i . e . , the growing and 

other parts  of the tree  t op s  and t o  the roots  ( Mika , 1 97 1 ) .  The 
1 4c . . l t . t h b l l . t . l t -ass 1m1 a es 1n e asa eave s 1n  he ver t 1 c a  shoo s wer e  

transported t o  another part o f  the tree  ( Hansen , 1 967 b ) . Alexander 

( 1 969 ) found that the inc linati on of peach and orange t r e e s  to the 

horizontal increased the dry mat t e r  o f  the roots  r e lat ive t o  t hat  o f  

the ver t ical trees . 

The distribut i on of  growth increment among the vari ous part s  

of  apple t r e e s  i s  nearly c onstant ( Maggs , 1 959  b ) .  Ac c ording t o  the 

equa t i on below which d i s cribes  the r e sponse to pruning estab l i she d 

by Maggs ( 1 959  b ) : i . e . , 

we ight of  s t em of  new sho o t s  o ld stem length be fore pruning 

increase in we ight of old s t e m  
=0 . 6 X.  -0 . 3  

old stem length after  pruning 

the more severe pruning , the greater  increment oc curing in ne w 

shoots . In t he present s tudies  rat i o  of increment o f  new shoots  t o  

the inc rement of  old lat e rals i n  volume s was calculate d  by the 

e qua t i on of  Maggs ( 1 95 9  b ) .  The rat i o  was 1 . 1 6 ,  1 . 48 , 1 . 80 , and 1 . 52 

( T 1 , T2 , T3 , T4 ) which i s  similar t o  the range 1 . 4-2 . 4  calculated f r o m  

t h e  data of  Maggs ( 1 960 ) . In fac t t h e  rat i o  o f  new stem t o  o l d  s t e m  

vari e s  ac c o rding t o  var i e ty ( Maggs , 1 960 ) . A lower rat i o  in the 

dormant per i o d  horizontal b e nding indicates a greater  re sponse to 

b ring a vigor ous long shoot from the upper s ide of the hori zontal 

laterals as the dormant pruning induced the vigor ous l onger shoot s , 

as c ompare d with the summer pruning ( Maggs , 1 96 5 ) . There fore , t he 

dormant hor i z ontal bendi ng and do rmant pruning re spons e s  sugge s t  t hat  
those treatments during the d ormant peri od can produce a bud whe re 

cyt okinins can be ac cumulat e d  and s t i mulate an ac tivity  o f  bud 

growth to ob tain a dominant factor , and subsequently a vi gorous 
growth induc t i on . On the o ther hand , summer pruning s t imulat e s  a 
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was re du c e d  to  30-50% of the growing season ( Maggs , 1 96 5 ) . There fore , 

grow th a c t iv i t y  may be greatly re duc e d  by the hor i z ontal b e nding 

treatme nts  during the growing season whi c h  were found in  the present 

studies . 

5 . 4 . Summary of  discussion 

The shoot gr owth from one year old laterals in woody plants 

is  a different  phenomenon from the axillary bud growth of  a herba c e ous 

plant ( Champagnat , 1 954 b ) ,  although the phenomenon of api c al 

dominanc e  i s  the same in the current shoot  of  the woody plants 

(Champagnat , 1 954 b ;  Phillips , 1 96 9 ) . Therefore , the buds on the one 

year old lat erals have been pre c ondit ione d during the previ ous 

growing pe r i od by internal fac tors  such as api cal dominanc e  and 
external e nvironme ntal fac tors . Tho se buds acquired prope r t i e s  during 

the pre v i ous year whi ch are ' i nherent ' pr operties  ( C hampagnat , 

1 954 b ) , e . g . , potential bud quali ty . 

In  the present stud i e s , the one year old late ral at which  

90  c m  length was headed back c ould have about 38 internodes . The 

positi ons of buds from the terminal to the basal buds we r e  numbered 

from 1 t o  3 8 . However , 1 to 29 pos i t i onG were exami ned i n  Exp . 1 and 3 ,  
and 1 t o  45 positi ons in Exp . 2 . Those basal scars and buds ( e . g . , from 

3 8 , 37 , 36 posi tions e t c . ) whi c h  originated  from an embryonic s tate 

were not seen  or we r e  very small . The larger buds were pre sent 

around the middle par t of la terals and towards the api cal part buds 

were gradually smaller in the l ong shoots . The larger buds had a 

we ll deve l oped vascular c onne c t i ons t o  the axillary buds i n  the 

current season . Thi s was probab ly the season t hat the ' i nherent ' 

proper t i e s  c ould be revealed in the c oming season . Although bud - size  

was not m e asur e d ,  the dis tribut i on of  bud sizes along the late rals 

followe d a normal d i stribution pat t e rn . This kind of bud s i ze pattern 

can be c hange d by e nv ironmental c onditions such as drought whi ch 

increase ABA levels , thereby b o t h  i nh ibi t ing bud forma t i on and induc ing 

smaller s i z e  of buds as observ e d  in the first  whorl of Exp . 1 and third 

whorl o f  Exp . 2 . The a rre s ted buds we re  hardly able t o  indu c e  an 

outgrowth b y  t he d ormant hori zontal b ending b e cause of  ' i nherent ' 

proper t i e s  c ontrolled by c orrelative inhibi tion and e nv i r onme ntal 
c ondit i ons may be due to  the i n c e pt i on of  axillary bud f or mat i on 

whi ch i s  c ontrolled b y  a quant i tat ive  distribution of  c yt okinins and 

other ro o t  hormone s ( Luckwill and Whyte , 1 96 8 )  and auxins , gi bberell i ns , 
and ABA f r om the api c e s  and leave s . 
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During the release from dormancy in woody plants  all buds 

are likely to re c e ive .equ�l suppl i e s  of plant hormone s synthe s ized  in 

the r o o t s  as we ll as nutrients  from r o ot s .  H oweve r , s ome buds are 

not ready f or bud break and may r e quire g�eater  quant i t i e s  of 

cytokinins to be neutr ali z e d  with inhib i t ors . By observat i on all 

except the severely arre sted buds were s imul tanously ready to s tart 

bud bur s t  and t o  re move the bud s cales in Re d Deli c i ous , but s ome buds 
in Granny Smith were not ready to separate t he bud s cale s , so that 

those sc ale s were kept for the new growi ng s e ason . There  se ems to be 

a var i e tal di fferenc e in the ti me at whi c h  bud scales are remove d .  

A s  s o o n  a s  the buds move a�d the flow of  inhib itors  under the 

grav i ta t i onal effe c t  has already been es tablishe d ,  c orrelative 

inhib i t i on oc curs be tween the uppe r  and l ower side o f  the hor i z ontal . 

The developme nt of  dominant buds may vary a c c ording t o  the 

potent ial bud quali t i e s  and treatme n t e . The following fac t ors have 

to be c onsidered : ( 1 ) ' inherent ' prope r t i e s ; 

( a )  Posi t i on o f  the bud on the sho ot during the previ ous 

year ' s  growth.  

( b )  Bud size ; deve lopme n t  of t he vascular c onne c t i on and 

numb e r  of primordia . 

( c )  Distance from the proximal to the dis tal pos i t i o n  

( 2 )  Treatments 

( a )  New orientat i on of buds ; e . g . , upper , flank , and l ower 

pos i t i on 

( b )  Time of  bending 

( 3 )  The rate o f  growth and development 

( a )  Rati o  of cytokinins to  IAA and GA , quantities  of  ABA 

and IAA supplied  fr om the adjacent t i s su e s  such as bud 

scale , and young leaves , and the rat i o  of GA t o  IAA . 

( b )  Supply o f  nutrients required  t o  synthe s iz e  plant 

hormone s and the c onsti tuents of  plant c e lls in  t he 

developing t i ssue s .  

The s e  t hree  fac tors  are intera c t ing duri ng developme n t  and 

growth . In the pre sent s tudi e s , although the dominant shoot s  appeared 

as the  ' two c entre pat tern ' ( Mullins , 1 96 4 )  at the  apical whorl  and 

1 5th posi t i on in the d ormant per i od b ending of Exp . 1 , t he gourmand 

shoots wer e  spread sporadically along the upper s i d e  of ·  the laterals . 
This means that any bud on the uppe r side  o f  the horiz ontal and 

pendulous laterals whi ch me e t  the essential fac t ors mentioned ab ove 

can grow as a dominant shoot on the t erminal of  a vert i cal la t e ral , 

api c al whorls o f  the bending late rals , and upper s i de o f  bending 
laterals . C yt okinins and nutrients  are l i mi t ed and i na dquat e  � o  
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supply t o  29 or 45 buds in the lat erals . The r e fore , the d ominant buds , 

whi c h  are c ondi t i oned f or vi gour , can exhib i t  c ompensatory growth 
( Barlow , 1 970 ) 

The buds ne wly orient e d  to  the upper s i de o f  hor i z ontal 

and b e nt during t he dormant pe r i o d  can re c e ive muc h  more c yt okinin 

hence  burst into outgr owths as  s o on as root a c tivity be gins . 

There f ore , the uppe r buds on the hori zontal are equivalent i n  e ffe c t  

t o  a physi ological apical mer i stem  ( Champagnat , 1 954 ) . The upper buds 

domina t e  the lower and flank buds by a me c hanism s imilar to api c al 

domi nanc e  or la te ral bud dominanc e ( Cutter and Chiu , 1 972 ) , b e ing due 

t o  a gradient of i nhib i t ors under the grav i t a t i onal e f fe c t . On the 

othe r hand in the late growing season , t he horizontal b ending c ould 

not induce shoot outgrowth from the upper side  as muc h  as the 

horizontal bending dur i ng the dormant seas on . Thus the de c reased  e ffec t 

of  hori zontal bend ing on  sho ot out growth from the upper s i de increased 
as the season advanc e d . The e ffe c t  of induc ing bud outgrowth on the 

upper s i de by bending during the growing season depends on antagonism 
b e twe e n  c ytokinins , b ot h  suppli e d  from r o o t s  and those synthe s i z e d  

by the bud i t self , and i nhib i t ors produ c e d  i n  the expanding , mature 

leave s ,  and bud themselves espec ially bud scales . In a similar way ,  

i nhib i t i on o f  axi llary buds i s  ove r c ome by de foliation , defru i t i ng ,  

removal o f  bud scales  and summer prunning , whi c h  elimina t e s  t he s ource 

of  inhib i tory plant horm one s . 
The inhib i t ory effe c t  pre sent duri ng different deve lopmental 

stage s on the outgrowth of buds , spurs , and b ourse buds i s  shown by 

the progresive sequence  of developing organs on  the di fferent parts  

of  the t ree . For e xample in apr i c ot ( Ramsay , Martin , and Br own , 1 970 ) , 
whe n the terminal and young leaves are s t i ll gr owing and expanding , 

de c ap i t a t i on alone c an i nduc e  a re lease o f  inhibited  axi llary buds , 
but whe n  the spurs are t e rminated  and leaves  e xpanded , decapi tat i on 

and de f oliati on are ne c e s sary for induc ing axi llary bud gr owt h . The se 

e f fe c t s  vary betwe e n  spe c ies ( Champagnat , 1 965 ) . 

There i s  a number o f  similar phe nome na in the whole t r e e  
i n  the c orrelat ive inhib i ti on brought about b y  de frui t i ng and 

de folia t i on . In apple , de frui t i n g  by late  June ( Northern Hami sphe re ) 

induc e s  the outgrowth o f  b ourse buds �i thou t  d e foliat i o� o f  s purs  

( Fulfor d , 1 966 c ) .  Th i s  c ould b e  due to  an axi llary c orrelative 

inhib i t i on at the early stage of  deve lopmen t  p r oduc e d  b y  the apex 

and expanding leave s . Fur ther inhibit i on is due probably to t he mature 

leave s ( Eagle s and Ware i�g , 1 964 ) , and i n  s e e d s  c on c ommitantly a small 
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quant i t y  of IAA c ould maintain i t s  inhib i tory effe c t  toge t her with 
ABA . The func t i on o f  ABA at  this s tage c ould be to  have a ma j or r o le 

c ompare d  with IAA , leading gradually t o  a dormant s tate o f  buds . The 

bud s cales may also  serve such a func t i o n .  There f ore b e nding treatments 

during the la t e r  growing season interac t with the preventing hormonal 

balanc e to  induc e t he outgr owth of buds . This gradient of i nhi b i t or s  

whi ch produc e s  a c t ivities  in  different organs and t issue s e stab li shes  

a s t e ep linear re sponse of shoot  grow t h  and flowering from the  lowe r , 

flank , and upper shoot orientat ions . This  i s  ass o c iated  with  the apical 

mer i stem orie ntation  in the dormant per i o d  b e nding and no  s t e e p  linear 

response in the late season be ndings . 

The greatest  d i fference be t we e n  the dormant pe r i od b ending 

and growing season be nding occurs on bud outgr owth on t he l ower side 

of  shoots in t he horiz ontal and pendulous laterals . Bud outgrowth i s  

almost c omple t e ly i nhibi ted a t  the bud burst s tage b y  the dormant 

pe r i od be ndin g .  

Thus t h e  lower buds on t he dormant bending hori z ontal lat e rals 

have shown t he greatest inhi b i t ion of  flower ing. The re is no  doub t  that 

the buds in whi c h  outgrowth is comple tely arrested  c ould not i nduce 

flowering be cause of the high c ontent of inhibitors . Howeve r , 

flower ing on the lower and flank shoot s o f  t he hor i z ontal and pendulous 

lat e rals bent during the lat e  season gave an interme diate re sponse 

wi thout the inhib i t i on of f lowering whi c h  oc curre d with dormant period 

b e nding . The sho o t s  or s purs whi ch had already gr own in  the vertica l  

la t e rals before b e nding had formed vas cular c onne c t i ons l Gregory and 

Veale , 1 957 ; S or okin and Thimann , 1 964 ; Pani grahi and Audus , 1 966 ) .  

Thus the newly ob tained sho ots  or spurs oriented in  the lower s i de 

after  bending c ould not inhi b i t  flowering . Flowering was promoted  on 

the extending shoots  whe re growth was s lowed down b y  the new orientation.  

The same physi ologi cal phe nome na o c curre d in t he f lank orientat i on of  

the  b e ndi ng la t e ral s . There for e , flower bud formation was t he same 

as for the lower s i de of  the laterals b e n t  during the late s ea s o n .  

The newly orie nted shoots or s purs on the upper s ide o f  t he 

hor i z ontal shoot can achieve a flush o f  growth if  t he e ssent ial 

condi t i ons are not ; ( i )  a vigoro11s growing c ondi t i on ,  possibly r e c e iving 

cyt okinins be yond a bud �hi c h  can be  neutralized  with the inhibi t ors , 

( ii ) a de gree  o f  c orrela t ive inhib i t ion such as summer dormanc y ,  

( i i i ) be fore the onset o f  a winter dormanc y . There fore the f lush o f  

growth does not  o c cur t o  a l l  the shoots or spurs on t h e  upper s i de o f  

la t e rals b y  t he lat e  sea s on bendin g . The number of  shoots outgr own 

from the uppe r s i de o f  the horizontal gradually de creased as  the 
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season advan c e d .  I f  the flush o f  t e rmina t e d  buds does  n o t  induc e the 

forma t i on of  a minimum · primor d ia ( a  cri t ical value suc h as  1 8  internode s 
i n  the flowe r bud , Fulford , 1 960 ) flowe r bud format i on may not occur . 

The bud must have suffi c i ent t i me t o  produce a certa i n  number o f  

primordia b e f ore i n i t iati on o f  flower buds . There fore flushing i n  summer 
by de foliat i on ,  pruning , and bending induced  n o  fl owe r i nduc t i on 

( Fulford , 1 96 0 ; Mullins , 1 964 ) . Summer application o f  n i trogen ( Williams 
and Renni son , 1 96 3 ; Wi lliams , 1 96 5 )  and change s of or i e ntat i on o f  
laterals a f t e r  c e s sat i on o f  s h o �  gr owth ( Tromp , 1 96 8 )  i ncreased 

flower bud forma t i on . The se pra c t i c e s  c ould increase the c yt okinin 

c ontent o f  the flush grow th and possibly inc rease the number o f  

primordia t o  more t han a c r i t i c al value ( Fulford , 1 96 0 )  i n  the flower 

buds ( Zatyko , 1 970 ) .  In analogy , the sho ot s or spurs of t he upper s i de 

on the ben� ng la terals may have an ac cumula t i on of  c yt okinin w i thout 
flushing so  t hat t he number of  pr imordia c ould be increased i n  t he buds 

leading t o  fl ower induction.  

Flowering i s  c lose ly related  to  shoot ext e n s i on and t e rminated 

s purs . The upper shoots g n  the hor i z ontal lateral may have a pos i t ive 

flowering response and a proper vege tat ive growth in s everal ind ivi dual 

shoots whi ch gave a reproduc t ive growth i ndex as 1 9 . 80 t o  24 . 40 of  
R i n  Table 5 .  The exc e ssive vegetat ive growth whi c h  produces a 

negat ive fl owe r i ng response o c c urs when R i s  1 0 . 83 as  a vege ta t i ve 

growth i ndex . The spurs on the verti cal c ontrol may have a higher  

c ontent of  lAA and GA levels produc e d  by the young levels  and apex 

a ssociated wi t h  the intens ive increase of  act ivity in xylem and phloem 

produc t i on under the feedback system . Flower bud forma t i on there fore 
was greatly r e duced on shoots or spurs in the vert i cal c ontrols i n  

Exp . 1  and 3 .  Leaf area was not related  t o  the flowe r bud f orma t i on i n  

t he ver t i cal c ontrol ( Fulford , 1 970 ) . Flower bud forma t i on was not  

i nhibited  i n  t he vertical  c ontrols in  Exp . 2  nor  in  the api cal whorls 

i n  all the experiments . Axil lary buds i n  t he long c urrent  shoot s 

were indu c e d  t o  flower in the buds i n  the verti cal and on the uppe r 

s i de of t he dormant per i o d  bending , depending on the growth c ondi t i on 

( C oombe , 1 96 9 ;  Luckwill , 1 970 ) . I n  c onne c t i on with the vege tat i ve 

growth c ondi t i on ,  the shoots whi ch are formed during the j uve n i le 

t issue c ondi t i ons i n  terms of  high c ontents  of  IAA and GA i n  the 

d eve lopmental s tage cannot be repr oduc t ive . The pre s e n c e  o f  reproduc t ive 

t i s sues m i gh t  be  determined by a high rat i o  of bark to xylem ( Mosse , 

1 952 ; McKe nz i e , 1 956 ) .  GA sprays at  b loom i nhib i t  flower i ng . Thi s  i s  

probably due t o  the foroa t i on of  axi llary buds on the t i ssue s a t  
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the early stage o f  growth where the spur buds or b ourse buds are 

affe c t e d  at the h i gh leve l of  IAA and GA , and give c ondi t i ons s i milar 

to j uveni le ti ssue s , consequently no flower bud forma t i on occur s . On 

the other hand , Alar promot e s  fl ower bud f ormat ion whe n  s praye d a t  

2-4 weeks a f t e r  b l o om ,  be cause shoot  growth i s  re du c e d  probably b y  

inhi b i t ion o f  IAA s ynthe sis  ( Ree d , Moor , a n d  Ander s on , 1 965 ) .  

The r e  i s  a c lose r e la t i onship b e t ween the c e s sa t ion  o f  shoo t  

growth and flower bud forma t i on ( Swarbri c k ,  1 929 ; Davi s ,  1 957 ) .  Terminal 

bud f ormation in the growing apex be gins wi th the deve lopment of  bud 

scales (Fulfor d ,  1 966 a ) . Abb o t t  ( 1 970 ) suggested that the f or ma t i on 

is due to  a de f i c ienc y of c yt oki nin . Ware ing explained that ABA 

induc e s  the inhi b i t i on of deve l opment of the lamina s o  tha t  in 

blackcur rant a bud scale was f orme d  ( Abb o t t ,  1 970 ) . Drought induc e d  

rap i d  i n c rea s e s  i n  ABA s o  that t here i s  no  s ynthe s i s  o f  c yt okinins . 

The r e lationship be tween ABA a nd CK may b e  a cause - e f f e c t  r e la t i onship 

and vice versa 1 as i nd i cate d in a ' st op-and- go ' growth s ys tem b e twe en 

cyt okinins and A BA in Lemna minor ( van Ove rveek , 1 96 8 ) . In t he 

terminated buds there are s t i ll influen c e s  on produc t i on o f  primordia 

b y  which  ve ge ta t i ve and reproduc tive buds wi ll be d e t e rmine d by a 

rat i o  of  plant hormone s . I f  primordia c a n  c ontinue t o  produce a 

cri t i cal value a s  i n  1 8  internodes ( Fulford , 1 960 ) t he bud will be  

a flower bud . Dur i ng the produc t i on of  prj �ordia the re are e stab l i shed 

certain ra tps o f  product ion ( Plast ochrone ) ( Fulford , 1 965 , 1 966 a , b , c ) .  

For fl ower buds there i s  no c hange j n  a 7 day plast oc hrone , but for  

a non-flower bud  a 7 day  plas t ochrone ke e ps unt i l  ab out 4 we eks after  

full bloom , and thereafter  an 1 8  day pla s t o c hr one o c c ur s  in the  b ourse 

bud b e ca use of frui t l e t  influe n ce . There f or e  i f  any fac t or s  lengthen 

primordia produ c t i on from a 7 day plast o c hr one to an 1 8  day plast ochr one , 

the bud will not e stablish a s  a flower bud . 

The deve loping apple frui tle t gre a t ly inhi b i t s  flower bud 

forma t i on due to t he presence of seeds i n  the fru i t  ( Chan and Cain , 

1 967 ; Griggs , Mar t i n , and Iwaki r i , 1 970 ) . The auxin c ontents  i n  the 

b ourse  bud and GA c ontents  i n  the seed we r e  peaked dur ing 4-9 weeks 

and 5 - 1 0  weeks a f t e r  full bloom respe c t ively ( Luckwil l  and Whyt e , 1 96 8 ) . 

The physiologi c a l  phenomena o f  inhibi t ing flower bud f orma t i on i n  the 

bour s e  bud i s  analogous wi th a c orre lative i nhibi t i on as  shown in 

api ca l  dominance . That is the first fac t o r  i s  an auxin- like hormone 

which initiates an e ffect  on the inhib i t i on of the bourse bud and so 

lengthens the plas t o chrone . The s e c ond fac t o r  is a gibb e rellin-like 

sub stanc e . From s e e ds , hormone s are produ c e d  which enc ourage leaf 

primordia t o  c on t i nue developme nt into leaves . Although GA a c ts by 
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short e ning of  t he plast oc hr one in the gro�ing apex to a 2-day 

plastochr one ( Fulfor d ,  Qui nlan , and Barlow , 1 96 8 ) , the bud inhib i t e d  

w i t h  IAA b y  c orrelative inhib i t i on may n o t  bec ome ac t ive wi th GA , un less 

the buds are a t  mlt o t i c  c ondi t i on (Ali  and Fle tche r , 1 970 ) . On the 

other hand , if  sufficient cyt okinins are present to antagonize IAA and 

GA the b ourse bud can be released fr om a c orre lative inhibi t i on 

arising from the developing fru i tlet so  that flowe r  bud forma t i on 

occur s .  This phenomenon oc curre d in blackcurrant i n  which  the axillary 

buds induc ed f lowe r ing a f t e r  be ing released  from a c orre lative 

inhi b i t i on ( Nasr  and Ware i ng ,  1 96 1 ) .  In these cases the spur t i s sues 

are rene we d  b y  passing thr ough juvenile c onditions ( S chwabe and Al-door , 
1 973 ) .  

Pla n t  hormones and c hemicals which  can promote flower bud 

i ni t ia t i on link direc tly or indire c t ly with the inhib i t i on of 
b i osynthe s i s , t ranslocat i on ,  and de grada t i on of  ant i - flowe ring IAA and 

GA ( Lang , 1 96 1  and 1 965 ) which  s timula te vege tat ive growth . In most 

cases whe re sprays of  gr owth regulat ors reduced shoot growth , e . g . ,  

A lar , inhi b i t i o n  of  synthe s i s  o f  IAA ( Re e d , Moore , and Anderson , 1 96 5 ) , 

i nhib i t i on of e ffec tive gibb e r e llin but not as ant i -gibbere llin 

(Greenhalgh , 1 96 7 ) ; CCC , i nhib i t i on of  b i osynthe s i s  of gibberell ins 

( Cr os s , 1 96 8 ) , an increased  level of CK i n  xylem sap ( Skene , 1 96 8 ) , 

TIBA , inhi b i t i on of  transportat ion of  IAA and GA ( Bukovac , 1 96 3 ) ; NAA , 

i nduc t i on of pr oduc ing phlodi z in whi c h  induces  the inhib i t i on of  

b i osynthe s i s  f o r  IAA (Groc howska , 1 96 3 ,  1 964 ) ; NAA , i nduc t i on o f  e thylene 

( van Overbeek , 1 945 ; Burg and Burg , 1 966 ) . 

In s e veral case s , ABA , CK , and ethylene induce flower bud 

forma t i on (El-antably and Ware ing , 1 966 ; Michniewi c z  and Kani enska , 

1 964 , 1 96 5 ; Maheshwari and Ve nkataraman , 1 966 ; N i t s c h , 1 96 8 ; Gupta and 

Mahe shwari ,  1 96 9 ) . 

In c onclusion ,  t here must be  a delicate balance of  plant 

hormone s r e quired  to  pr oc e e d  the sho ot  growth and the induct i on of 

flowe ring . In shoot growth , bud bur s t  appeare d to be c ontr olled by c yt o­

kinin-like sub s tanc e s  with whi c h  IAA ( a c orre lat ive inhib i t or ) and ABA 

( a  bud scale inhibi t or )  are antagonistic . A f t e r  bud bur s t  the extensi on 

of  shoot  growth i s  influenced  b y  the interac t i on o f  four fac t ors , IAA , 

GA , CK and ABA . Howeve r , IAA and GA are dominant fac t ors  t oge ther 

wi t h  CK for the sho ot  growth to retain a juvenile cond i t i on whereas 

CK and ABA moderate the ac t i on of  IAA and GA t o  give an adult c ondi t i on 

( Fig . 1 and 2 ) . The se phenomena can reveal an interac t i on b e twe e n  

bending a t  the t ime of  a par t i cular physi ological c ondi t i on o f  laterals 

and buds and shoot orienta t i on . During the formati on o f  buds in the 
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shoot , a bud scale f o rmat i on and c ont inuous pr imordia produc t i on oc cur s .  

I n  this  process a ve ge tat ive or reproduc t ive phase i s  t e rm i na t e d  b y  a n  

opt i mum gradient o f  CK , ABA , IAA , and GA . I n  flower i nduc t i on t he 

two ma j or plant hormone s may be c yt okinins and ABA . At the per i od of 

induc t i on of  flowe r ing leve l s  o f  IAA and GA are greatly re duc e d  because 

of  no a c t ive produc ing loc i such as exi s t  in  expanding leave s and 

api c e s . The amount o f  IAA and GA transport e d  from the othe r  par t s  

of organs may be antagonized by the existence  of bud s c ale s . T h e  bud 

s cale s and primordia t hemselve s also may have an antagon i s t i c  func t i on 

e spec ially in rela t i on to  cytokinins produ c e d  in the r o o t s . The re f ore 

ABA from the bud s cale ancl mature leave s plays a very i mpor tant role 

along wi th CK and other  plant  hormones . I f  an exc e ss of c yt okinin  i s  

available f o r  primordia the bud will burs t . When c ytokinins a r e  we ll 

balanc e d  with ABA , a m inimum quant i t y can e n c ourage ne w primordia t o  

deve lop so  that a produ c t i on o f  floral-RNA leads t o  the ini t ia t i on of 
floral primordia leading to  a poss ible supply o f IAA and GB v ia the 

self-r e gulat ing sys t ems in pr imordia pr oduc t i on . 

If  ther e  i s  a flor i gen i t  must  b e  r e gulated by ABA and CK . 
One can draw a mode l o f  a b i ochemical swit c h  from a vege tat ive and 

repr odu c t ive bud in t erms of  a qualita t ive me thod ( Thornley ,  1 972 ) . 
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Plant hormone s such as auxins , gibberellins , cytokinins , and 

absc i s i c  acid  t oge ther with the gaseous hormone ethylene and p o s s i b ly 

a s  ye t unc lass i f i e d  plant hormones are vital fac t ors in  c ontrolling the 

overall phys i ological and morphological phe nomena in  the growth and 

deve lopment o f  a plant , serving as age nt s in  the int e grat i on and c o ­

ordina t i on of  growth and differentiat i on ( Ware ing and Phillips , 1 9 71 ) .  

The integrat i on of  growth probably depends on a delicate rat i o  o f  t hese  

plant hormone s int e rac t i ng with basic  me tab olic  pathways and linke d 

with t he supply of  nutrient s , as indicat e d  in  Fig . 1 . I n  this mode l the 

f e e dback system of c aus e -e f f e c t  phenome na b e t ween plant hormone s and 

nutrients is influ e nc e d  at s pe c i f i c  t imes and plac e s  by both  internal 

and e xternal c ondi t i ons . The delicate balanc e  of  plant h ormone s may 

then . affect  plant growth and deve lopment by i nterac ting dire c tl y  or 

indir e c tly with over-all metab olism.  I t  should be possible to r e pre sent 

this  b alance in terms of c onc e ntrat i on of plant hormone s as  det e r mined 

b y  plant hormone analysis . However , analys i s  of  plant hormone s has given 

many pr oblems to i nve s t i gat or s , be cause o f  the extremely l ow c oncent ­

rat i on of  lab ile p lant hormone s present i n  plant t i s sue . 

Many analys t s  have met problems in  extrac t ing plant h ormone s . 

P owell ( 1 972 ) described the di fficult i e s  o f  plant hormone analys i s  as 

f o llows : "The analys i s  of plant extracts  or d i ffusates  f or hormones has 

a lways b ordered on the m ysteri ous , and has b e e n  fraught with p i t falls 

f or even determine d i nve st iga t ors " . 

The inve s t i ga t i ons during the pas t  40 years o f , not only the 

analys i s  of  e ndogenous p lant hormone s ,  but also the applicati on o f  

authentic  plant hormone s t o  a t issue o r  a n  e nt ire plant , c ould e mbrace  

a c onc e pt of  hormonal balanc e theory f or c ontrol of  growth and develop­

ment in  a plant . A c c ordingly to fully inves ti gate the hormonal b a s i s  

o f  growth and deve l opment i t  i s  ne c e ssary t o  analyse most o r  a l l  gr oups 

of hormone s but this is of c ourse very d i f f ic ult and t i me c onsumi ng ; 

only re c e ntly have a t t e mpts been  made t o  achieve this goal . For e xample , 

I se nberg , Thomas , Pendergrass , and Ab de l-Rahman in 1 974 -re por t e d  

d i fferenc e s  i n  f our hormonal groups i n  n ormal and male i c  hydra z i de 

treated onions s tored over winter while Shindy and Smith ( 1 975 ) i nvest­

i gated the hormonal balance in  c ot t on ovule s b y  c omb ined gas c hr omat o­

graphy-me ss  spe c trome try ( GC -MS ) of  a s i ngle extrac t . At the b e g i nn ing 
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of this inve s t iga t i on , vari ous extrac t i on and bi oas sa ys techni que s 

published wer e  tried  and modi fied  for use with woody t issue and leaves 

( see , Table 6 ) ,  as the r e search progre s s e d . 

Dur ing t he s tudie s o f  extrac t i on procedur e s  t he loss  o f  plant 

h ormone s at each step  were t e s te d .  In part i cular , 1 4c - IAA 2nd 3H-zeat in 

were used t o  asse ss  the loss o f  the se c ompounds dur ing vari ous puri fi­

c a t i on methods . I t  was f ound that t he grea t e s t  loss o f  IAA oc curred 

at  pH 8oO  in  the aque ous phase . There f or e , the literature review has 

a t tempted  to focus on how to deve lop the puri fica t i on pr o c e dure s  at 

d i f ferent pH ' s  after  r e m oval of met hanol fr om the e xt rac t .  In addi t i on 

t o  this a few new t e c hn i que s re port e d  re c ently are summarized . 

Var i ous b i oassays have been t e s t e d , and modified  t o  ob tain 

b e t te r  results using t he modi fied pur i f i c a t i o n  pr o c e dure s .  

Whe n  the lab oratory fac i l i t i e s  were available the �e c hni que 

o f  gas liquid chr oma t ography was t e s t e d  but the t e c hnique nee de d  

c onsiderable e ffort t o  e s tablish optimum c ondi t ion o f  use . The r e f ore 

in  the present  studies  of plant hormone s , analysis b y  GLC was used  only 

to a limi te d  ext ent . 

The extrac t i on pr o c e dure s  and b i oassays out lined in  Tab le 6 ,  

wer e  used with apple l e a f  samples t o  analyse auxins , gibbere l lins , 

cyt okinins and absc i s i c  a c i d , thereby e s t imating a rat i o  betwe e n  free  

plant hormone s . However c aution nee ds to  be  exerc i s e d  in interpretat i on 

o f  the results s inc e f i r s t ly ,  the hormone s may have b e e n  released  from 

a b ound form during the procedures used and se condly ; no e s t imate was 

made of the b ounds f or ms . 



C HAPTER 7 
Revi ew o f  l i t e rature 

99 

In  the last 40 years end ogene ous plant hormone s have b e e n  

wi dely i s olated and d e t e rmined b oth quant itat ively and qualitat ively.  

The pri nc iple extrac t i on pro c e dure used was t o  homogeni ze the plant 

mat e r i al in e ther , aque ous alcohol or acet one . Ini t ial pur i f icat i on 

was the n carried out by s olvent part i t i oning , the separat i on achieve d 

depending on the hydrophillic or hydrophobi c  nature of  the extra c t e d  

c ompounds . The extra c t i on and pur i fi cation pr o c e dures have b e e n  empi r i ­

cally i nve s t i gated b y  ma ny re search workers . F o r  t n e  purpose o f  the 

f ollowing expe r ime nt s ,  it is ne cessary to give an outline o f  the vast  

v olume of  l i t e rature pub l i s he d on  the de t e rmina t i on of  auxins , gib b e r e ­

llins , c yt oki nins and i nh i b i t ors . 

? . 1 .  Auxin- like subs tanc e s  

? . 1 . 1 .  The historical deve lopment o f  extrac tion  proce dures f or a c i d i c , 

peutral, and bas i c  frac t i on in the determina t i on of  auxin-

like sub stanc e s  
1 1  

Kogel and hi s e o-workers i n  1 934- 1 935 i s olate d  IAA fr om human 

ur i ne a nd yea s t  plasmolyza t e  by frac t i onat i on o f · extra c t s  b e twe e n  e ther 

and wat e r  at di fferent pH values ( Larson , 1 955 ) .  Thimann in  1 935 also 

i s o la t e d  IAA from Rhiz opus suiness  cultures . One of  the earli e r  pur i f i ­

c a t i on proce dures  for IAA was t o  use sodium bicarb onate t o  give an 

a lkaline pH and then part i t ion  between e ther and wat e r , that is the 

i on i z e d  a c i d i c  c ompounds are separat ing int o the aque ous phase from the 

e ther while the basi c c ompounds remained in the e ther phase ( Bo ysen  

Je ns e n , 1 941 ) .  The me thod use d by B oysen Jensen was that e t her extra c t s  

from plan t materials we re  part i t ioned three  t imes with 8 % NaHco3 i n  

wat e r , and the  e ther phas e  t he n  was d i scarded . The sodium b i carb ona t e  

s olut i o n  was then acidi f i e d  and extrac t e d  three  t i me s  wi t h  fre sh 

e t he r  into  whi c h  the ac i d ic e ther s o luble compounds par t i t i one d .  The 

c omb ined e.t her frac t i ons were then dried and b i oassaye d .  I n  the 

early period of auxin r e s e ar c h , the e ther phase only was s tudie d .  A f t e r  

t h e  deve l opme nt of  paper chromat ography , however , t h e  f inding o f  a 

neutral hormone such as indolealdehyde in cabbage ( Larse n , 1 944 , 1 951 ) 

and indole-3-a c e t onitrile i n  c abbage ( Li nk ,  Eggers , and Moulton , 1 94 1 ; 

Linser ,  1 940 ; Ave ry ,  Berge r ,  and Whi t e , 1 945 ) , s t i mulated  an i nve s ­

t i ga t i on of  further detai l e d  extrac t i on procedures (Bentley and 
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Housl e y ,  1 952 ) .  Finally IAN was i s olated from c abbage from a neutral 

f rac t i o n  in the extra c t i on pro c e dure ( Jone s , Henb e s t , Smit h , and Bentl e y ,  

1 952 ) . I n  the extrac t ion  pro c e dure the aque ous phase a f t e r  evapora t i on 

o f  e t hyl alc ohol was ac idi fi e d  t o  pH 3 . 0  and was t he n  extrac t e d  four 

t imes w i th e ther . The e th e r  frac t i ons were back washed with dis t i lled 

wate r  and then were filtered over anhydrous magne s ium sulphate . The 

residue a f t e r  evapora t i on of the e ther was r e d issolve d in fresh e ther 

and was extracted with 1 % s odium b i carbonate t o  separate  a c i d i c  and 

neutral frac t i ons , t hat is the neutral c ompounds r e maine d  in the e ther 

phase a f t e r  the par t i t i oning . The e ther phase was r e duced  to the residue 

a fter back washing with disti lle d water  and IAN i s olated by pap e r  

c hroma t ography. 

In 1 955 a ,  Ke fford e nume rated a numbe r  of paper s  whi c h  dealt 

wi th a c i d i c  growth sub s tanc e s  and reported a highly a c tive pr omot i on 

and i nh ib i t i on area in the paper c hromat ogram , name d a c c e le ra t or � and 

i nhibi t or p in the a c i d i c  frac t i o n .  He did not inve s t i gate neutral and 

basic and c er tain phenolic substan c e s . 

In 1 956 , Housley and Bentley inve s t i gated auxin c omponent s 

i n  all p o s sible frac t i ons , c la s s i f i e d  into ac idic  e ther and neutral 

e ther , and basic e ther frac t i on of an extra c t  of  cabbage leave s .  

They found n o  IAA and IAN in t he a c idic  frac t ion , but IAN and a growth 

promo t e r  at Rf 0 . 0-0 . 1 in the neutral frac t i on and a neutral i nhibi t or 

i n  the a que ous fra c t i o n .  

I n  1 959 , Ke f f ord i nve s t i gated all fra c t i ons such as  a c i di c ,  

basi c , and neutral e the r soluble sub stance s  i n  t oba c c o  extrac t s .  He 

found only IAA-like sub stanc e s  a t  the Rf o f  IAA and no auxin-like 

substan c e s  in the neutral and bas i c  frac t i ons . On the other hand , 

Paleg and Mui r  ( 1 95 9 )  f ound c hange s of  neutral and a c i di c  auxins in 

deve loping t obac c o  frui t . Lah i r i  and Audus i n  1 960 f ound auxin-like 

substanc e s  from all frac t i ons in the roots  of Vicia  faba . 

7 . 1 . 2 .  The aci d i c  auxin-like substances  at  pH 2 � 5-3 . 0  and pH 8 . 0- 8 . 5  

During the pur i fi ca t i o n  o f  a plant extrac t a pro c e s s  o f  

a c i d i f i c a t i on and alkaliza t i on may bring s everal problems such a s  

hydrolyz a t i on i n  weak a c i d i c  and a lkali ne solu t i ons ( Gordon , 1 954 ) , 

c onver s i on o f  tryptophane t o  IAA wi th the pre sence o f  ph�nols a t  

alkaline pH ( Gordon and Pale g ,  1 96 1 ) ,  and the poss i b i l i t y  o f  IAA 
forma t ion  f r om labile  IAA conjuga t e  ( Ke fe l i  and Tur e tskaya , 1 968 ) . 

For e xample , simple transfer o f  indoles from e theral s olut i on t o  

a que ous s olut ion induced  IAA ( Terpstra , 1 953 ) and indole ace taldehyde 

wi thout e nzymatic conversion ( Ze nk ,  1 962 ) . Mild alkalinit y - can c ause 
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the f orma t i on of IAN fro m a pre cur s or , poss ibly an auxin c omplex 

( Housle y and Ben t le y ,  1 956 ) wh i le e nzyma t i c  inac t :;_  vat i on o f  IAA 

occurred at pH opt imum 6 . 2-6 . 7 ( Tang and B anne r ,  1 q47 ) .  Vlitos  and 

Meudt ( 1 954 ) e xamine d the stab i l i t y  of  IAA in phthala�e buffer ( 1 o 5-

9 . 0 )  at  di f fe rent t imes and found t hat 70 per cent disappeare d at  pH 

3 . 0  after  72 hrs of incubati on . 

In  t he c onve ntional par t i t i ons , b e cause the use o f  s o dium 

b icarb ona te part i t i o n  fr om e ther extrac t s  ln t he early period of auxin 

analys i s  ( B oysen Jense n ,  1 94 1 ; Lar s e n ,  1 955 , Heide , 1 96 7 ;  Moe 1 97 1 ; 

Rudi c h ,  Halevy , and Kedar , 1 972 ) , the aqu e ous phase c ould b e  adjusted  

to  alkaline soluti on a t  the b e ginning o f  part i t ion after  evapora t i on 

of solvent extrac t .  Dannenburg and Liverman ( 1 957 ) t e s t e d  the frac t i on­

a t i on of several indole ring c ompounds such as IAA , IAN , IAAP , IpyA ,  

TTP , T�H2 , and TOR a t  pH 8 . 1 w i t h  Na2co3 i n  the extra c t ion proc e dure . 

There i s  a number of  papers in  whi ch part i t ions b e gin at  pH 8 . 0- 8 . 5  

i n  the a que ous pha se after evapora t i on of  s o lvent extra c t s  ( Ta fur i , 1 966 ; 
" 

Dullaar t , 1 96 7 ;  Kli ngstrom,  1 96 7 ,  1 969 ; Avery and Lac ey ,  1 96 8 ;  Eliasson , 

1 96 9 ;  Alde n , 1 971 ; I goshi , Yamaguchi , Takahashi , and Hirose , 1 97 1 ; 

Aung· ,  1 972 ) .  

S t e e n  ( 1 972 ) avoide d t o  use pH 8 . 2 i n  the extrac t i on proce dur e s  

of  Elias s o n .  B ecause t he reason g i v e n  t o  u s e  p H  2 . 8 i n s t e a d  of p H  8 . 2  

i n  the aqueous phase was that IAA might b e  f ormed from t rypt ophan b y  

enzyma t i c  a c t ivity i n  alkaline c ondi tions ( G ordon and Pale g ,  1 96 1 ; 

Whi temore and Zahner ,  1 964 ) . Since  t he extra c t i on pro c e dure of Ke ffor d  

( 1 955 a & b ,  1 959 ) has b e e n  w i d e l y  a dapte d  t o  study auxin-like sub s t ­

anc es  i n  plant mat e r ials , the par t i t i ons have begun w i t h  t he a que ous 

phase at  pH 2 . 5 - 3 . 0  ( Thurman and S tree t , 1 96 0 ; Phillips , 1 96 4 ; 

Wheeler , 1 96 6 ; Wodz i cki , 1 96 8 ; Ramsay and Mar t in , 1 97 0  a ;  Road , 

e t  al. , 1 97 1 ; Stee n , 1 972 ) . 

7 o 1 . 3 .  A bound or c onj ugate -auxin -like substanc e 

The pre sence  of  unident i fi e d  ether-s oluble auxin and rela t e d  

c ompounds ,  unknown water-soluble auxins , a n d  n on-indol i c  auxi�s i n  

plant extra c ts has b e e n  publis he d  i n  many papers ( reviewe d  b y  Bentle y ,  

1 958 ) .  The fre e and b ound auxi ns and auxin pre cursors have b e e n  reviewe d  

by Bent l e y  ( 1 95 8 ) , Fawc e t t  ( 1 96 1 ) a n d  Thimann ( 1 969 ) . A t  t h e  present 

t ime the s t udy of b ound auxins i s  o f  grea t  i nterest b e cause of the ir 

phys iological si gn i f icance . I n  part I ( in the se c t i on 1 . 6 . 2 ;  IAA 

con j ugat ing system wi t h  aspartate ) t he physiological s i gni f i canc e o f  

IAA-conjugates , f o r  e xample , indolylacetylaspartic  ac i d  has b e e n  

brie fly reviewe d . B ound auxins whic h  exist a s  IAA-pr o t e i n  o r  tryp t ophan-
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prote i n , trypt ophan , and ascorbigen  can readily be c onver t e d  t o  IAA 

( Fawc e t t , 1 96 1 ) .  In addi t ion there exists low mol8 cular we i ght auxin 

pre cur s ors c ompose d of IAA l i nke d to var i ous sugar groups ( Thimann , 

1 96 9 ) .  One o f  the se gr oups i s  i d e n t i fied as  indole -3-a c e t yl-2-0-me s o ­

inos i t ol . The se indole , o r  non- indole c ompounds have b e e n  de termined 

by enzymolys i s ,  hydrolysis , or aut o lys i s  after remove d o f  free  auxins 

from the plant extrac t s . The c itrus auxin was found i n  lemon s e e ds and 
other c itrus fru i t s  by c olumn c hr omat ography ( Khali fah , Lewi s , C oggins , 

1 966 ) , although G o ldschmidt , Monse l i se , and Goren ( 1 97 1 ) sugge s t e d  

that t he nat ive auxins of  c i trus plant were i denti cal with IAA . 

7 . 1 . '+ .  C olumn c hr oma t ography 

7 . 1 . 4 . 1 . Adsorpti on column 

7 . 1 . 4 . 1 . 1 .  A lumina c olumn 

Earlier i nve stigat or s  have used alumina c o lumn adsorp t i on 

chroma t ography for the puri ficat ion  of  i ndole c ompounds ( Linser , 1 95 1 ; 

Blommaert , 1 954 ; Luckwi ll , 1 957 ) .  

7 . 1 . 4 . 1 . 2 .  S i l i ca ge l- c e li t e  column 

A c lear sepa ration b e twe e n  IAA and c itrus auxi n  in the fra c t i on 

was reve a le d  when a s i lica gel-celi te adsorpti on c olumn was employe d  wit h  

a gradi e nt e lution sys tem using chloroform and ethyl a c e tate ( Khalifah , 

Le wi s , and C o ggins , 1 966 ) . The exis tence o f  c i trus auxin was demons­

trated i n  c it rus ( Khal i fah , Lewi s ,  and C oggins , 1 96 6 ,  Khali fah , Lewi s ,  

C o ggins , and Padli ck ,  1 965 ) a s  we l l  as other genera ( Le wi s ,  Khali fah , 

and C oggins , 1 965 ) by solve nt part i t i on and paper c hr omat ography. 

Adsorpt i on c o lumn chr omat ography w i th s i l i c i c  ac i d , s i m i lar t o  t he 

me thod o f  Hirsch a nd Ahrens ( 1 9 58 ) , was use d  by Rayle and Purve s ( 1 96 7 )  

i n  i so la t i on and i dent ifi cat i on of  indole -3-e thanol from cucumbe r  

seedlings . The s olvent system u s e d  was a stepwise grad i ent using incre­

as ing conc entrat i on o f  e thyl e ther in petrole um e ther .  The bri e f  extrac ­

t i on pro c e dure s  are as  follows : From the e ther extra c t , the re s i due 

after e vaporat i on of  ether was passed thr ough charc oa l  f or adsorpti on 

of  pigments and t hen thr ough DEAE-cellulose . The r e s i due was pur i f i e d  

again wi th a magne sium silicate  M- 1 ( B i o-Rad ) column packed with 

c arbon t e trachlor ide and elut e d  i n  a s tepwise pattern us ing increasing 

c onc e ntrati ons ( 0  t o  50 %) o f  chloroform i n  carbon t e t ra c hloride . 

Further puri ficat i on was made with  a Sephadex LH-20 c olumn ( 2 . 5  x 70 c m )  

e lute d  with MeOH . Two peaks o f  b i ological ac t ivity were found with an 

ab sorp t i on maximum at 280 nm. After  thin layer c hroma t o graphy the a c tive  

frac t i ons from t he Sephadex LH-20 were r e c hromat o graphed on S e phadex 

LH-2 0 .  From 93 Kg of  cucumb er t i s sue s ,  2 . 5 mg of a l ight _ ye llow 
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c ompound was obtaine d .  

7 . 1 . 4 . 2 .  I on exchange c olumn 

Anion and cation i o �  e xchange c o lumn chroma t ography using 

ce llulo se phosphate  and DEAE- c e llulose has been  intens ively used  t o  

puri fy the root  t issues o f  1 2  day old V i c i a  faba plan t s  ( Burne t t , 

Audus , and Zins me i s t e r , 1 965 ) . The e t he r  solub le f ra c t ion par t i t i oned 

fr om the aque ous phase at  pH 3 . 0  was loaded on the t op o f  a c harge d 

DEAE- c e llulose (Anionic ) c olumn . Elut i on with disti lled wat e r  eli mi ­

nat e d  neutral c ompounds , a n d  t he n  was e lut e d  with 0 . 05 M Na2s o4 . 

Without us ing a 5 % s odium b i carb onate s t e p , DEAE- c e llulose was f ound 

to give a goo d  separati on of IAA , repre senting P5-97 per cent r e c overy 

of IAA . Water s oluble c ompounds were also pass�d through c e llulose , 

cellulose phosphate , and DEAE- c e llulose c o lumns t o  separate  the 

vari ous a c t ive c omponents ( Burne tt , Audus , and Zinsme i s t e r , 1 965 ) .  

Howe v e r  t hose a c t ive c ompounds were not i dent i fi e d .  The c e llulose 

phospha t e  cati on i c  c olumn pas s e d  some phe nolic mat erials runni ng at 

Rf 0� 1 2 -0 . 5  in the s tandar d  s olvent , but there wer e  s ome phe nolic  

c ompounds retaine d b y  ani onic DEAE- c e llulose . 

7 . 1 . 4 . 3 .  Par t i t i on c o lumn 

7 . 1 . 4 . 3 . 1 .  S i lica gel c o lumn 

Powe ll ( 1 96 0 ,  1 96 3 )  r epor t e d  that the s ilica  ge l par t i t i on 
c olumn was suc cessfully e mploye d  t o  separate a numbe r  of synthe t ic 

indole d e r ivat ive s and nat urally o c c ur ring plant hormone s ,  e lut ing 

wi t h  n-butyl alc ohol saturat e d  with 0 . 5  M fo rmic a c i d  in n-hexane by 

stepwise te chnique s .  Fur t he r  i nve s t i gati ons showe d the te c hn i que s 

included a number o f  o ther use ful solvent mixtur e s ,  such as  me t hylene 

chloride , chlorofor m  and e t hyl ac etate  i n  n-hexane . Most o f  the 

s olvent  s ystems c ould separate the i nd ole c ompounds t e s t e d  i n  the same 

orde r . P owell and Pratt ( 1 964 ) analyzed plant hormones in the deve l­

oping fruit o f  peach by those t e c hnique s e luted by n-butyl alc ohol 

saturate d  with 0 . 5  M formic ac i d  to petroleum e ther by a s t epwise 

me t ho d .  They found several grow th promoting sub s tanc e s  de t e rmined 

qua l i tat ively an d quanti tat ive ly for seas onal trends at each  growth 

phase . 

Hamilt on , Bandurski , and Grigsby ( 1 96 1 ) choose the s i li c a  

ge l par t ition c olumn e mploying a phosphate b u f f e r  aque ous phase  ( pH 6 . 5 )  

and using e t her as the mob ile phase , rec ove ring 77 % from 25 �g 

app l i e d  authenti c  IAA to the c olumn . 
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7 . 1 . 4 . 3 . 2 . Gel  chr oma t o graphy 

The s e para t i ons of t he ac t ive subs tanc e s  from s ome o f  

the interfe ring sub stanc e s  for b ioassay have met with  many d i f f i ­

cult i e s  when t he c o nventi onal solve nt parti t i on chroma t ography wi th 

paper and thin layer chroma t ography only was employed . Recently ge l 

chr oma t ography has been devel ope d as a means of  fur ther pur i f i cation 

after s olvent part i t i on chromat o grap hy . Gel chroma t ographic s e parat i on 

depends primar i ly on the differences  o f  molecular we ight and i s  par t i ­

cularly e f fe c t ive f o r  struc turally analogous oligomers . Among many 

di fferent  grade s  of gel , Sephadex G - 1 0 as a stati onary phase can be  

elute d  b y  a buffer solut i on . Anderson i n  1 968  found t ha t  the order o f  

elut i o n  from t he fe rmentati on produc t s  o f  C lavic e p  purpurea PRL 1 980 

was i nd ole ace t i c  ac i d ,  trypt ophan ? chanoc lavine , 5-hydr oxyindoleac e t i c  

a c i d , unknown b and c ,  and agroc lavine , lysergic a c i d , unknown a ,  d ,  

and e .  Suc c e s s ful pur i ficat ion and fra c t i onat i on o f  5 0  % aque ous 

acet one e xtrac t i on by Sephadex G - 1 0 e luted with d i s t illed wat e r  or 

50 % a c e t one was demonstrated f or a quanti tat ive e s t ima t i on of alkali ­

lab ile  indole-3-ace t i c  a c id i n  dorman t and germinat ing mai z e  kernels 

( Ue da and Bandurski , 1 969 ) . Without us ing solvent parti t i on c hr omat o­

graphy Elli c ot and S t owe ( 1 970 ) i s olated and ident i fi e d  a new i ndole 

glucos inolate as 1 - sulpho-3- indolyl me t hyl glucosino late from I satis  

t inc toria by u sing Sephadex G- 1 0  c olumn e luted  wi t h  distilled  water 

followe d by paper c hromat ography . 

Sephadex LH-20 whi c h  can be  e luted by organic s olve n t s  has 

been  e mploye d t o  re move vari ous inhib i t ory c ompone nts in pine tree  
" 

extrac t s  ( Klingstrom , 1 96 7 , 1 969 ) . The improvement o f  qualitative  and 

quant i ta t ive e s t imat i on of IAA from Populus tremula ( Elias s on , 1 96 9 ) , 

Picea ab i e s  Karst  ( Steen  and Elias s on , 1 969 ) , and Pinus s i lv e stris  

( Alden and  Eliasson , 1 970 ) was achieved wi th a Se pha dex LH-20 c olumn 

e lu te d  with 96 % e t hanol c ontaining 0 . 001 M HCl f or the a c i d i c  frac­

t i on or e lut i on from paper chroma t ogram . A c ertainty of  oc currence o f  

IAA i n  c onifers , there fore , i s  clearly demonstrat e d  by using Se phadex 

LH-20 ( Steen , 1 972 ) . Ell i c o t t  and S t oVTe ( 1 970 ) used  Sephadex LH-20 

f or i s o lation and i de nt i f i c a t i on of  i ndo le -3-e t hanol 

from cucumber seedl ings . Sephadex LH-20 c ould r e duc e t o  3 . 5 mg of  

re s i due , 33  mg of  residue c olle c t e d  from a magnes ium silicate  c o lumn . 

A c o lumn of ' modi f i e d  Sephadex LH-20 ' has been deve loped for analysis  

of  plant terpenoids with benzene and al c ohol solvent systems b y  

Keat e s  and Brooks ( 1 969 ) . 
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7 o 2 .  Ab s c i si c  ac id  and other i nhibi t ors 

The phys i ology and chemi stry o f  abs c i s i c  a c i d  has b e e n  

reviewe d  b y  Addi c o t t  and Lyon ( 1 96 9 ) , Kefeli and Kadyrov ( 1 971 ) and 

Milb orrow ( 1 974 ) .  They men t i oned brie fly the natural occurre n c e  and 

me thods of determina t i on of AEA . Milb orrow ( 1 9 74 )  de scribe d  the 

chemical propert i e s  of AEA such as the s t ruc ture of ( + ) - ( S ) -ab s c i s i c  

a c i d  and some der ivative s , e . g � , pha s e i c  ac id , and analogs , and also 

the s tru c tural re quirement for act i v i t y .  He listed  several m e thods for 

quant itat ive determinati on of AEA as f ollows : Rac e mate di lut i on method , 

use of labelle d mate r ial , adding a known amount o f  the 2 -trans - i s omer , 

and determina t i on b y  spe c trofluor i me t r y ,  spe c tropolarime t r y ,  gas liquid  

chromat ography , i mmunological assay s , and b i oassay o f  the  inhibi t ory 

e ffe c t  o f  AEA . For the analysi s  o f  AEA , s ome pre liminary pur i fi cation 

by solve nt par t i ti oning and paper chr omat ography mus t  b e  carr i e d  out . 

Further puri f i c a t i on using TLC , CC ( c ount current ) ,  e le c t rophore s i s , 

and gas-liqu i d  chr omat o graphy are o f t e n  neede d .  
In t h i s  s e c ti on , a b r i e f  h i s t orical out l i ne o f  t h �  i s olati on 

o f  ABA i s  give n ,  and t h e  meth ods and t e chniques used  for the quanti­

tat i on of ABA are  s ummarize d .  

7 . 2 . 1 . H i s t or i c al pr ogre ss i n  t he i so lat i o n  o f  ABA 

Since  t he s tudy of auxi n ac t iv i ty i n  e xtrac t s  o f  plant 

materials , the existence  of inhibi t ory subs tanc e s  were known ( See  

Hemberg , 1 960 ) . A s  soon as a paper chroma t ography t e c hnique us ing the 

s olve nt syste m  i s opropanol or n-butanol aque ous ammonium mixture t o  

s tudy plant extra c t s  was introduc e d ,  inhibit ory z one were obs e rved a t  

Rf 0 . 5-0 . 7  (Benne t -Clark , Tamb iah , a n d  Kefford , 1 952 ; Luc kw il l , 1 952 ) . 

B e nne t -C lark and Kefford ( 1 953 ) called t he i nhib i t ory z one ' inhibi t or­

� ' · The inhi b i t or- � was derived from t he ac i d ic fra c t i on o f  an alc oholi c  

e xtract  of e t i o la t e d  leave s of broad b e an and c ontained man y  d i fferent 

phenoli c c o mpounds . The pre sence o f  i nhib itor-p i n  diffe rent  p lant 

organs was rewi ewed by Bently ( 1 95 8 )  and Hemberg ( 1 96 0 ) o 

S ince  Hemberg ( 1 947 , 1 94 9 )  pr opose d a s ignificant role f or 

i nhibi tors in  the dormanc y of potato buds and buds of Fraxi nu s , a 

number of research workers i nve s t i ga t e d  spe c ific  i nhibi t or s  i n  the 

e xtrac t s .  There were three groups who intensively attemp t e d  to i s olat e  

from the p - i nhib i t or a pure c ompound in crystalline form whi c h  would 

a c c ount for most  or all of the inhib i t or y  ac t iv i t y .  

Phillips and Ware ing ( 1 958 a & b ,  1 959 ) found t h a t  a quant i ­

tative c hange o f  i nhib i t ory sub stanc e s  i n  A c e r  pseudoplatanus t hr ough­

out the annual c ycle  was closely c orrelated  with the gr owth and 
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dormanc y  of the shoot s .  In the i nvest iga t i on o f : ' i nhib i t or -� ' e luted 

from Rf 0 . 65-0 . 95 usi ng extrac t s  of b irch leaves (Be tula pub e s c ens ) ,  

Eagle and Ware ing ( 1 9 63 ) applied  t he inhib i t or-P solut i on back t o  the 

b ir c h  seedlings under long day c ondit ions and induced the dormanc y of 

those s e e dl ings . There fore they pr oposed the term ' dormi n ' for subs ­

tanc e s  whi c h  appear t o  func t i on a s  endogenous dormancy- inducers . 

Rob inson , Ware ing , and Thoma s  ( 1 963 ) i solat e d  the i nhib i t or - �  from the 

leaves  of � ps eudoplatanus , and found -OH .  -CO- , -CH2 - and /or -CH3 
gr oups were pre sent but di d not obtain evidenc e o f  aromat i c  sub stanc e s  

b e ing pre s e nt . Robi ns on and Ware i ng ( 1 964 ) i s ola t e d  an inhibi t or from 

the  inhibi t or - a  zone wi t h  Ac er pse udoplatanu s , using paper c hr omato­

graphy and two  different solvent s ystems , that  i s , the  inhibi t or -� at  

Rf 0 . 55 -0 . 8 in paper developed b y  i s opropanol/ammonia/wa t e r  was 

e lu t e d  and the re si due o f  t he e luat e  was chromatographe d i n  n-butanol/ 

ammonia t o  eliminate phenoli c c ompounds . Finally C onforth , Mi lb orrow , 

Ryback , and Wareing ( 1 965 , 1 966 ) i s olated  ident i fi e d . and c onfirme d b y  

s ynthe s i s  a s  the ma j or i nhib i t ory c omponent 

pseudoplatanus . 

i n  the leaves of Acer 

During the i nve s t i gation  of hormonal sub stanc e s  in c ot t on , 

led  b y  Carns and Addi c ot t  ( Addi c ot t  and Lyon , 1 96 9 ) , Ohkuma , 

Lyon , Addi c o t t , and Smith ( 1 963 ) first i s olat e d  a c ompound lab s c i s i n  I I , 

from y oung c ot t on .fruit .  

I n  the third gr oup , van Steveninck (1 95 9 ) elu t e d  the i nh i ­

b i t or- p z one from pape r  c hr omat ography , using the e ther extra c t  from 

rapidly growing fruit  of lupins ( Lupinus lut e us ) .  He found that the 

i nhibi t or - a c ountera c t e d  IAA wheat  c ole opti le se c t i on growth and also 

a c c e le rated  absc i ss i on of lupin fruit . There f ore he called the 

i nhib i t or - a  an ab s c i s s i on-ac c e lerat or . Rothwe ll and Wai n  ( 1 96 4 )  

furthered the init ial i nv e s tiga t i on o f  van Steveninck , a n d  i s olated  

a fru i t  abs c i ssion sub s tanc e in lupins . 

I t  b ecame c lear t hat the three i nhibit ory c ompounds thus 
i s olated were t� same and the ��ivia� name absc i si c  a c i d  was agre e d  
upon (Addic ot t  and Lyon , 1 96 9 ) . 

7 . 2 . 2 .  S olvent par t i ti on at d i fferent pH ' s  with di fferent organic 
so lvent s 

ABA i s  an ac i d i c  c ompound and the so lvent par t i t i oning 
proce dure i s  similar to IAA . The frac t i onat i on o f  ABA i n  t he solvent 
par t i t ioning c an be  re ferr e d  to i n  t he sec t i ons as  IAA and gibbere llins . 
The spec ial chara c t e r i s t i c s  of ABA d ur ing purification will b e  c overed  
i n  t h i s  s e c t ion . Par t i ti oning fr om water int o diethyl e t he r  or ethyl 
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ace tate has b e e n  c ommonly used f or b o th IAA and AEA by many re search 

w orkers . However , chloroform gave a good s e paration from t he aque ous 

phase in an ac idic  c ondit ion ( Ma yak and Halevy,  1 972 ; Mayak , Halev y ,  

a nd Kat z ,  1 972 ) , whi le Rudich , Halevy , and Ke dar ( 1 972 ) pre fered  

us ing me thylen e  chloride to  fra c t i onate ABA i n  the initial  solvent 

par t i t i on after removal o f  Me OH from Me OH extract ; t he aque ous 

s o lut i on at pH 8 . 3  was extrac t e d  with  me t hyle ne chlori de and then the 

alkaline solut ion was adjuste d to pH 3.0 and extrac t e d  f ive t ime s with  

me t hylene c hloride int o whi ch t he ABA par t i t i o ned. 

The behav i our of ABA i n  solvent par t i tioning has been  t e s t e d  

a t  different pH value s wi th a d i f feren t  s o lvent system i n  studies  on 

hormonal balance  ( e spe c ially auxins , gibb ere llins , and ABA ) ( Monse lise , 

Gore n ,  and C os t o , 1 96 7 ) . Die t hyl e ther c ould remove ABA and IAA from 

the aque ous phase a t  pH 7 . 0 ,  although th e opti mum pH range for e ther 

pa!t i t i oning of IAA was report e d  as be ing b e tween pH 5 . 5  and 2 . 5  b y  

Larson ( 1 955 ) quo t e d  i n  Goldschmidt and Monse l i se ( 1 96 8 ) . Goren and 

G o ldschmidt ( 1 970 ) modi fied the extrac t i on procedure t o  use pH 6 . 0  i n  

the aqu e ous phase , obtaining 88 % o f  IAA-2- 1 4c in the d i e t hyl e t he r .  

The y a l s o  found that di-isopro pyl e ther can remove ABA at  p H  6 . 0 ,  but 

only 7 %  IAA ( See G oldschmidt et al . ,  1 973 ) . On the o ther hand this 

so lvent c ould not t ransfer IAA and ABA-like substance s  a t  pH 7 . 5  nor 

gibbere llin-like s ub s tance s  a t  pH 6 . 0 (G oren and Goldschm i dt , 1 970 ; 

Zucc oni and G oren unpubl i sh e d  data from Goldschmidt , e t  a l . , 1 973 ) . 
On the basis of the se r e sults G oren  and Gold s c hmidt ( 1 970 ) 

s tudied ABA , IAA and gibbere llins i n  orange fruit t i s sue s , as foll ows : 

The conc entrated a que ous phase o f  t he 80 % MeOH extrac t  was adjusted  

t o  pH 6 . 0  and ext rac ted wi th d i - i so propyl e ther for ABA and sub s e quently 

extrac t e d  wi t h  d i e t hyl e ther f or auxi n-like substance s .  The aque ous 

s olut i on then was adjusted t o  pH 3 . 0  and extracte d  with  d i e t hyl e ther 

f or gibberel lins ( Gore n ,  Golds c hmi d t , and Monselise , 1 97 1 ) .  Further­

more a neutral inhib i t or fra c t i on c ould b e  s eparated  b y  d i - i sopropyl 

e ther at pH 7 . 2  after  removal of MeOH fro m the aqueous phase ( Gold­

s chmi d t , Goren , Even-Chen , and B i t t ner , 1 973 ) .  

In order t o  i mprove removal o f  mildly a c i d i c  c o mponent s i n  

t h e  organi c phase whi ch was extra c ted from the aque ous phase a t  pH 

2 . 5-3 . 0 , extrac t i on was alterna t e d  3 x b e twe e n  1 /4 v o f -5% s odium 

b icarb o nate and 1 /4 v o f  d i s t i lled water  ( Badr , Mar t i n , and Hart mann , 

1 971 ; Firn , Burden , and Taylor , 1 972 ) .  
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7 . 2 . 3 .  A neutral i nhibi t or i n  t he neutra.l frac t i on 

Re cently a number of discrete  neu tral i nhi b i tors in the 

neutral frac tion have been  i s ola t e d o  Xanthox in was i s olate d  and i dent i ­

fied  from dwarf bean ( Phase olus vulgar is ) and wheat ( Tr i t i cum vulgare ) 

b y  Taylor and Burden i n  1 970 . Since  then , the  pre sence o f  xanthoxin i n  

many kinds of plant s has b e e n  dete c t e d , although n o t  in some plant 

t i ssue s such as t o ma t o  shoot s ,  maple see d , r o se hips , potato  pee lings , 

pea and b ean root s , liverwort ( Marchantia polymorpha ) and a brown 

seawe e d  ( Fucus serratus ) (Firn , Burden , and Taylor , 1 972 ) .  C i s , trans ­

xanthox in i s  now reported as an endogene ous growth inhi b i t or whi c h  

e xhibi ts structural s i milar i t i e s  and e quivalent activit i e s  i n  a range 

of phy s iologi cal t e s t s  to ABA . The me thod by which  xanthoxin was 

e xtrac t e d  by Firn , Burden ,  and Taylor ( 1 9 7 2 )  i s  t o  take only the neutral 

frac t i on .  That is , the e ther phase after i t  was extra c t e d  from 5 % 

s odium bi carbonate s o lution was re duced i n  vacuo and the r e s i due part ­

t i one d be tween 80 % MeOH and an e qual v olume of light petrole um ( 60 -

800C ) .  The 80 % MeOH phase was made u p  t o  50 % MeOH and then extrac t e d  

again wi th petroleum e t her . Xan t hoxin remained  in t he Me OH phase ,  t he 

MeOH was remove d i n  vacuo and t he res idue suspende d in 5 % s odium sulph­

ate s olut i on and pa rt i t i one d with ethe r .  The e ther phase was use d  for 

furthe r puri ficati on by thin layer chromat o graphy. 

In the neutra l  frac t i on , capric  a c i d  i s  also i sola t e d  i n  i r i s  

bulb ( Ando and T sukamot o , 1 974 ) and batatas ine , from yam bulb i ls 

( Hase gawa and Hashimo t o , 1 973 ) . The former can inhibit  b oth s e e d  germi­

nat ion and e longa t i on o f  lateral sh oots , whil e  the latt e r  s e e ms t o  b e  

c ausally i nvolved i n  t h e  dorma nc y  of yam bulb ils . 

A neutral i nhibitor i denti fied a s  1 �acet oxy-2 , 4-di hydroxy:n­

heptade ca- 1 6 -ene , a fatt y  a c i d , was also i s olated from a basi c  aque ous 

phase at pH 9 . 0  with  p e troleum e ther from av o cado mesocarp ( B i tt ne r , 
Gazi t , and B lumenfe l d ,  1 971 ) .  T h i s  n e w  c ompound i nhib i t e d  not  only 

s oybean callus growth but  also wheat c oleopti le se c t i ons . The inhibi t i on 

was n o t  due t o  t ox i c  material and the growth c ould resume whe n  t he 

medium c ontaining t h e  i nhibi t o r  was removed .  When a me thanol i c  e xtra c t  

o f  avocado mesocarp was chroma t o graphe d o n  paper i n  i sopropanol/ammonia/ 

water ( 1 0 : 1 : 1  v/v ) , the i nhibi tory activity  a t  Rf 0 . 8-0 . 1  was we ll 

separa t e d  from the i nhibitor-� zone ( pr obab ly ABA ) at  Rf _0 . 6 -0 . 75 .  

7 . 2 . 4 .  A c on j ugat e  o f  abs c i s i c  acid  

Since  Koshimiz u ,  Inui , Fukui , and  Mitsui ( 1 96 8 )  i s o la t e d  and  

i dent i f ie d  a c onjugat e  of ABA a s  ab s c i s yl-P-D-gluc opyrano s i de fro m  

yellow lupin ( Lupinus luteus ) ,  there has b e e n  a numbe r  o f  reports whic h  
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i ndicate  that t he conj ugate exi st s  in var i ous plants ,  e . g . , i n  deve l o ­

p i n g  and ripe G trawberries  ( Rudnicki  and Pieniazek , 1 97 1 ) in t omat o  

p lant s ( Milb orr ow , 1 970 ) , i n  c it rus fruit  p e e l  (Goldschmid t , Goren , 

Eve n-Che n ,  and Bittner , 1 973 ) , i n  b lackcurran t  (Ribes n igrum ) buds and 

b e e c h  buds ( Fagus sylva t i ca ) ( Wr i ght , 1 975 ) . 

A c ommon t e c hnique used t o  determine c on juga t e s  of ABA i s  t o  

hydrolyze and the n  extrac t  a s  for free ABA , i . e . ,  the aque ous phase 

after e ther extra c t i on at  pH 3 . 0  is  adjusted to  pH 1 1 . 0 and held for  

30 min . at 60°C which  hydr olyses  the c on juga t e  and fre e  ABA is  then 

extrac t e d  at  pH 3 . 0 with an organic s olve nt . 

7 . 2 . 5 .  Column chr omat ography for pur i ficat i on o f  ABA 

C olumn chromatography i s  often used  t o  purify ABA extrac t e d  

from large quan t i t ie s  o f  plan t mat e rial . For example , Ohkuma , Lyon , 

Addi c o t t , and Smi t h  ( 1 963 ) extra c t e d  225 kg o f  fre sh c o t t on frui t s  w i t h  

8 0  % a c e t one and 1 47 gram o f  crude acidic  fra c t i on was obtained after  

s olvent par t i t i oning wi th e ther a t  pH  3 . 0 ;  a c e l it e/charc oal c olumn 

( 2  : 1 )  reduc e d  this  t o  4 . 1 5  g of o i ly mate r ial , when e lute d  with i n c re ­
asi ng a c e t one in wa ter ( 1 0  t o  1 00 pe� cent ) . Goodwin and Gordon ( 1 972 ) 

u s e d  5 per c en t  s teps i n  t he same solvent and c o lumn s ys t e m o  Walton , 

Darn , and Fe y ( 1 973 ) c hange d the rat i o  of charc oal : c e l i t e  t o  3 : 2 ,  

and Mac Millan and Pryc e ( 1 96 9 ) i s olated phase i c  acid  from frac t i on 40 , 

e luted  with 47 % a c e t one i n  wa ter from a c e l i te - charc oal ( 2  : 1 )  c olumn . 

In the pur i f i cat i on of ABA in the plant extrac t s , one o f  

t he c ommonly u s e d  c olumns was of c e lite-si l i c i c  acid  ( 2  : 1 ) ,  using a 

s t e pwi s e  elu t i on t e chnique as  men t i one d f or gibberellin pur i fi cat i on 

( Ma c Mi l lan , Seaton , and Suter , 1 960 ;  Cave ll , Mac Millan , Pryce , and 

Sheppard , 1 967 ) . Gabr and Gut t r i dge ( 1 96 8 )  used twi c e  t he c e l i t e ­

s i l i c i c  a c i d  c o lumn f o r  pur i f i cat i on after first  using a B . D . H .  granular 

animal charc oal c o lumn . The first  c e li te -s i l i c i c  ac id  c o lumn e luted  

with  e t hyl ace tate in c hloroform s tarting wi t h  5 %, then  1 0 % and  a f t e r  

that i n  1 0 % steps ending w i t h  pure e thyl a c e tate , exhi b i t e d  a n  inhi­

b i t or y  a c t i v i t y  in the frac t i ons of 5 ,  1 0 ,  and 20 % e thyl ac e tate . 

For fur ther pur i fi cat ion o f  the i nhibi tory substanc e s  the c omb ine d 
. 

fra c t ions were  applied on t he sec ond celi t e - s i l i c i c  ac i d  column and 

e lu t e d  with increas ing c onc entra t i ons of e thyl a c etate in chloroform in 

1 0 % s t e ps , inhibi tory a c t i v i t y  be ing c onfined to the 1 0 % e t hyl 

a c e tate  in chloroform frac t i on . Most ( 1 97 1 ) e mploye d a d i f ferent 
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s olve nt system such as  benzen e c ontaining o ,  20 , 40 , 6 0 , So ,  and 1 00 % 

o f  e thyl acetate or 1 0 ,  20 , 25 , 30 , 40 , 45 , and 50 % ,  w i t h  the final 

frac t i on be ing pure me t hanol . Most ( 1 97 1 ) modified thi s s olvent s ys t e m  

b y  grading 1 00 % e thyl a c e t a t e  t o  1 00 % me t hanol in 20 % s t e p s  followe d 

b y  B i o-gel P-2 c olumn ( 40 % e t hanol or wat e r ) ( Most , Gaski n , and 

MacMi l lan , 1 970 ) 

Mayak and, Halevy ( 1 972 ) employe d a 30 g s i l i c a  ge l ( 0 . 05 -

0 . 2  mm ) c olumn for the pur i f icati on o f  rose p e tal extra c t  us ing the 

s olvent  b enzene : e thyl acetate : a c e t i c  ac i d  ( 50 5 : 2 v/v/v ) .  I n  t h i s  

c o lumn ABA was de t e c t e d  in a 1 32 m l  volumn from fra c t i o n  2 7  t o  3 5  and 

was then analyse d  by GLC . In s ilica ge l par t i tion column chroma t ography, 

G lenn , Kuo , Durle y ,  and Phari s  ( 1 9 72 )  c ould  n o t  re so lve we ll ABA from 

GA4 and GA7 using t he gradient e lution t e c hn i que s o f  Powe ll and 

Tautvydas , us ing e t hyl acetate  i n  n-hexane ( saturat e d  with 0 . 5  M f ormi c 

a c id ) . 

In Sephadex G - 1 0 and G -25 c o lumn chromat ography ABA has a 

nearly ident i cal retent i on v olumn t o  GA3 ( Glenn ,  Kuo ,  Durle y ,  and Phar i s ,  

1 972 ) and al s o  on G - 1 5 ( Reynolds , 1 970 ) .  
" 

Kl�ngstrom ( 1 96 9 )  u s e d  Sephadex LH-20 t o  re move a numbe r  o f  

i nhibi tory sub s tanc e s  from p ine extrac t s .  A s uccessful pur i ficat i on o f  

i nhib i t ors was achieved b y  Se pha dex LH-20 e luted with  96 % o f  e thanol 

with 0 . 00 1  M HCl ( Eliasson , 1 96 9 ; Alde n and Eliass on , 1 970 , S t e e n  and 

E l ias s on , 1 969 ) , ABA and IAA are well re s o lve d on Se phadex LH-20 e lute d  

w i th 9 6  % e t hanol .  ABA i n  t he c o lumn was e lut ed from ab out 1 1 0  t o  1 40 ml 

where the grea t e s t  inhib i t i on of wheat c o l e optile s e c t i ons was found i n  

P i cea abi e s  ( Eliasson , 1 96 9 ;  Alden and Eliass on , 1 970 ) .  

One o f  t he great e s t  d ifficult i e s  i n  plant h ormone analys i s  

i s  the pre sence o f  i nterfering i nhibi t ory sub stance s  i n  the plant 

extra c t s .  One o f  t he most promis ing t e c hn i que s is to use Polyc lar AT , 
whi c h  i s  an i nso luble f orm o f  the polymer , poly-N-vinylpyrrolidone ( PVP ) . 

P o lyc lar AT can retain  most phenolic c o mp ounds in plant t i s sue extrac t s  

b y  hydrogen b ond f orma t i on. A number o f  r e s earch worker s  have u s e d  PVP 

e it he r  as a slurry which i s  f i ltered or c o lumn chromato graphy ( Le n t on , 

Perry , and Saunders , 1 97 1 ; Eady and Eat on ,  1 972 ; Hewe t t  and War e i ng , 

1 973 a ;  Ivy ,  1 974 ; Tust i n , 1 975 ) and have obtained greatly i mpr o v e d  

r e sults .  Glenn , Kuo , Dur le y ,  a n d  Phari s  ( 1 972 ) demonstra t e d  t ha t  ABA , 

IAA , GAs ,  and zeatin  c ould be  well re so lv e d  b y  different pH buffer 

s olut i ons . The data of Gle nn e t  a l . , ( 1 972 ) indicate d  tha t  ABA was 

e luted more or le s s  within t he same range as  GA1 , GA7 , GA4 , GA5 , GA2 , 

GA S ' GA9
, and GA1 3 , but was c omple t e ly re s olve d  from IAA and z e a t i n  at  
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pH 8 . 0 ,  and GA 1 3  at  pH 5 . 0 .  After  the init ial purificat ion  of plant 

mate r ia l  thro ugh t he PVP c o lumn , t he resi due was s ub j e c t e d  to the s i l i c a  · 

gel-ce lite c olumn for fur t he r  pur i f i c a t i on ( Glen , e t  al . , 1 972 ) . 

7 . 3 .  Gibberellin-like sub stan c e s  

7 . 3 . 1 . H i s t ori cal progr e s s  o f  i s olat i on f o r  gibbere llins 

The evidence o f  existenc e  for a growth promot i ng substance  

produced  b y  a r i c e  disease fungus , Gibbere lla fujikuro i  b y  Kuro sawa i n  

1 920 ' s  le d i n  1 939 t o  t he i s olat ion of the c ru de gibbere llin , a c rystal­

line  material with plant growth promot ing propert i e s ,  b y  a group o f  

Japane s e  s c i entists  i n  T okyo ( Yabuta and Hayashi , 1 939 ) .  Imme diately 

on spreading informati on about  t he g ibberellins fro m  Eas t  to  We s t  after  

1 945 , almo s t  simultane ously t wo groups , S t odola in 1 95 1  at  the  Northern 

r e g ional Re search Lab orat ory of U . S . A .  and Cur t i s  in 1 954 a t  Imp e r ial 

C hemical Industri e s  in Britain i s o la t e d  gibbe re llin A and gibbe rellin X 
and gibbere llic  ac i d  re spe c t ively . The name pr opose d b y  Cross  i n  1 954 

was gibberellic  acid and this  was agree d  to by the ab ove t hre e groups 

( Se e  Weaver , 1 972 ) . 

7 . 3 . 2 .  G ibbere llin-like subs tanc e s  i n  d i f ferent fra c t i ons 

7 . 3 . 2 . 1 . An acidic  frac t i on 

7 . 3 . 2 . 1 . 1 .  Extrac t i on of gibberellins at  pH 2 . 5-3 . 0  

The e xtrac t i on me thods used b y  Cur t i s  and Cross  ( 1 954 ) and 

S t odola , Raper , Fennell , C onway , S ohns , Langford , and Jackson ( 1 955 ) 

o r i g inated from Japanes e  workers . However a slight difference  i n  the 

me thods between Curt i s  et al . and St odola e t  al . was that the e thyl 

a c e tate phase extrac ted from aque ous solution adjusted  t o  pH 4 . 0  or 

l e s s  was par t i t ioned wi t h  pho sphat e  buffer at pH 6 . 3  by Curt i s  and 

C r o s s ; whereas S t odola e t  al . ( 1 955 ) par t i t i one d t he ac i di c  aqu e ou s  

s olut i on wi t h  e t hyl acetate . The extra c t i on me thods for gibberellins 

used by Cur t i s  and Cross ( 1 954 ) and St odola et  al . ( 1 95 5 )  are  more or 

l e s s  the same as  outlined by Bentley and House ley ( 1 952 ) and Ke fford 

( 1 955 ) for IAA , except t ha t  e t hyl acetate was used instead of e ther . 

Tha t  i s  the aque ous pha s e s  wh i c h  were a c i d i fi e d  to  pH 2 . 5- 3 . 0  b e f or e  

par t i t i on were e i t her extrac t e d  direc tly from plan t mat erials or  e lu t e d  

f r o m  a c tiva t e d  charcoa l .  Endoge nous gibberellin-like subs tance s  wer e  

par t i t i oned b y  t h i s  me thod a t  p H  2 . 5-3 . 0  by many r e search workers 

( Radle y ,  1 95 8 ; Radley and Dear , 1 95 8 ;  MacMi llan , Seat on , and Suter , 1 960 ; 

C o r c oran an d Phinne y ,  1 962 ; Dennis and Nitsch , 1 966 ; Ogawa , 1 966 ; 

Muro fushi , Takahashi , Yokota , Kat o ,  Shi otani and Tamura , 1 969 ; Badr , 

Mar t i n , and Hartmann , 1 971 ; Jone s , S t oddart , MacMi llan and Cloke , 1 97 1 ; 
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Nai t o , Inoue , and Bukovac , 1 972 ) o 

7 . 3 . 2 . 1 . 2 .  Extrac t i on o f  gibberellins at  pH 8 . 0- 8 . 5  

West and Phinne y ( 1 95 9 )  were probably the first  who modi f i e d  

the extra c t i on procedure t o  u s e  the aque ous phase a t  pH 7 . 0 .  A t  thi s 

pH e thyl acetate  was parti cularly e f fi c i e nt at removing inhib i t ors . 

Pet roleum e ther and c hlor o f orm a t  pH 5 . 0  were als o  use d for the same 
1 1  

purpose  ( Kohler and Lang , 1 963 ) . The re are a number of re search workers  

who have used  t he e thyl a c e tate  method , although t he pH used  varies  

from 6 . 2-9 . 0 ( Hayashi , Blume thal-Goldschmidt and Rappapo�t 1 962 ; 

Hayashi and Rappaport , 1 962 , 1 96 5 ; Hashimoto and Rappaport , 1 96 6  a & b ;  

Re i d  and Carr , 1 967 ; Croz i e r , A oki , and Phari s , 1 96 9 ; Durley, MacMillan , 

and Pryc e , 1 971 ; Pieterse , Bha l la and Sabharwal , 1 97 1 ; Ross and 
Bradbe e r , 1 971  a and b ;  Ze evaar t , 1 971 ; Eady and Eat on ,  1 972 ;  Yamamura 

and Na i t o , 1 973 ) o  

7 . 3 . 2 . 2 .  A neutral fra c t i on 

S inc e Wierzchowski and Wierzchowska ( 1 96 1 ) f ound two gibb e r e ­

llin- like substanc e s  i n  t h e  neutral frac t i on from Gibbere lla fujikur o i  

( Saw)  Wr . c ulture s ,  Hayashi a n d  Rappaport ( 1 962 , 1 96 6 ) attempte d  t o  

extra c t  a gibbere llin-like sub s t ance i n  the neutral frac t i on as  we ll 

as a c id i c  frac t i on .  In the i r  extrac t i on pr ocedure s  Me OH extrac t was 

evaporated  to t he water phase and the wa ter phase , a d j usted to pH 7 . 5 ,  

was extrac t e d  t hre e t ime s wi th e thyl ace tate . The e thyl acetate  phase 

then was par t i t i oned wi th 1 per cent sulphuri c  ac i d ,  leaving only 

neutral substan c e s . The c on c entrated e t hyl ace tate fra c t i on was c hr oma­

tographe d on paper wi th i s opropyl alc ohol : ammoni um hydroxi de : wat e r  

( 1 0  : 1 : 1 v/v/v ) .  The R f  0 . 3- 0 . 4  e luat e  showed a c t iv it y  i n  t he dwar f 

mai ze d 1 or d2 , bi oassay and was called potato fac t or I .  After s tand­

ing f or two we eks i n  c onta c t  wi t h  the air at  room t e mperature potat o 

fac t or I was r e chromat ographe d wi th t he same s olvent  system ment i one d 

above . The new ac tivity o f  dwarf  pea growth was f ound at Rf 0 . 5-0 . 6 , 

whereas the pre v i ous growt h  a c t iv i t i e s  a t  Rf 0 . 3-0 o 4  di sappeared 

( Hayashi and Rappaport ,  1 96 5 ) , sugge s t ing that the neutral gibbere ll i n  

had b e en change d into a n  a c i d i c  gibbe r e llin . 

With the same t e c hniqu e  as men t i oned ab ov e , Hashimot o and 

Rappaport ( 1 96 6  a & b )  foun d  a neutral gibberellin- like sub stanc e 

simi lar t o  t ha t  of pota t o  fac t or I ( Hayashi and Rappaport , 1 962 ) . The y 

ri onc lude d that the neutral gibberellin-like substanc e in the neutral 

fra c t i on c ould be  a reserve form of gi b berellin . They demonstrat e d  

that the cont e nt s  of neutral gibbere llin  remained c on s tant in i mmature 
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s e e d  ( Phas e olus vulgar i s  L . ) but marke dly increased i n  mature s e e d s . 

Skene ( 1 962 ) also demon s t rated the presence o f  a non-ac idic  gibbe r e llin­

like sub s tance in gre e n  b ean s e e ds . 

7 . 3 . 2 . 3 .  B ound or c on jugate  gibbere llins 

Mc C omb ( 1 96 1 ) demonstrated the o c c urrence o f  ' bound ' gibbere ­

llin in mature runner bean  seeds us ing a s �m le te chnique o f  pap e r  

c hr omat ography with three di ffe rent solven t s ; a mixture of ace t one and 

wat e r , phosphate buffer pH 6 . 2 ,  and phosphate  buffer ( pH 6 . 2 )  a f t e r  

hydro lysis  with f ic i n , a prote olyt i c  enzyme . A number o f  i nve s t i ga t or s  

have obtaine d  s imilar r e s ults usi ng di fferent spec i e s  as  reviewe d b y  

Lang ( 1 970 ) .  Lang c it e d  the terms ' c onjuga t e d  GAs ' ( introduced b y  

S e mb dner e t  a l . ) and ' bound GAs ' terms whi ch have continu e d  t o  b e  u s e d  

for  the se , as y e t  unident i fied  sub stance s .  The se c ompounds canno t  b e  

extracted  w i t h  e thyl a c e tate from the aqueous phase at  p H  2 . 5-3 . 0  but 

are extra c table wi t h  butanol so that the y are called wat er-solub le 

and butanol-s olub le gibbere llins . The bound c ompounds must  fir s t  b e  

hydr olyze d wi th a c i di c , b a s i c , or enzyma t i c  t reatment s .  There was a l s o  

e v i dence tha� 
3H-GA1 appli e d  t o  young Pharb i t i s  plant s  was easi ly 

c onverted t o  two wat e r - s o luble c ompounds ( Barendse , 1 971 ) .  Hara da and 

Yokota ( 1 970 ) also i s olat e d  gibberellin A8-glu c osi de from shoot api c e s  

o f  A lt haea rosea b y  extra c ti on with n-butanol from the aque ous phase 

whi c h  had been previ ous ly extra c t e d  with e t hyl ac e tate  at pH 3 . 0 .  

S i mi larly GA3 -gluc os ide was i solat e d  f rom i mmature s e e ds of Morning 

Glory ( Tamura , Takahashi , Muro fu shi , Yokot a , and Kat o ,  1 96 8 )  and GA3 
gluc oside from immature s e e d  of yellow b r o ome ( Cyti su s  s c oparius L . ) 
( Yamane , Yamaguchi , Mur ofushi , and Takahashi , 1 971 ) .  Glucosyl e s t e r s  

of GA38 was i s o lated from mature seeds  o f  Phase olus . The glyc osyl 
e s t e r  of this  gibberellin i s  one of t he butanol-solub le neutral 

gibberellins . 

7 . 3 . 3 .  Par t i t ion o f  gibberellin wi th d i f fe rent solvent 

I t  i s  apparant t hat different gibberellins have marke dly 

d i f ferent polar i ti e s . 

The part i ti o n  c oeffic i e nt s  o f  gibberellins be t we e n  phospha t e  

buffer and s ome c ommonly used  organic solvents for 27  gibberell i ns wer e  

reported b y  Durley and Pharis  ( 1 972 ) .  At  p H  3 . 5  o r  less , gibb e r e llins 

GA4 and GA7 or GA9 and GA1 0  to t ally part i t i oned int o e thyl a c e t at e . 

However a numbe r  o f  gibberellins , for example , GA4 and GA7 or GA9 and 

GA 1 0  par t i t i one d s i gn i fi cantly into the e t hyl acetate a t  pH 8 . 0 ,  whereas 

GA5 , GA , GA 1 6 , GA1 9 , GA20 , and GA27 d i d  n o t . GA1 , GA2 , GA3 , GA8 , GA22 , 
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GA26 , and GA29d id not appr e c iably par t it i on into e t hyl a c e tate at  pH 8 . 0  

or 6 . 5 .  GA2 1  and GA23c ould also b e  inc luded i n  thi s  group . Most gibbe r e ­

llins ent e r e d  e thyl a c e t a t e  at  pH 2 . 5 ,  b u t  d i - and t r i c arb oxyl�c GA 1 2 , 
GA 1 3 , GA1 4 , GA1 7 , GA 1 8 , GA2 1 , GA2 3 , GA24 , GA

25 , and GA2 8  ( exc e p t i on GA 1 9 ) 

exhibi te d  a rap i d  increase o f  par t i t i on c oe fficient  with  increas ing pH , 

more s o  than t he monocarb oxyl i c  a c ids . 

Badr e t  al . ( 1 972 ) reported that die thyl e ther c ould remove 

50 % of lab e lled  GA3 from t he a que ous phase at pH 2 . 5 .  Me t hylene c hlori de 

was use d  at  low pH for gibb ere llin extra c t ion ( Luckwill , Weaver ,  and 

MacMilla n ,  1 969 ) . Hayashi , B lumenthal-Goldschmidt , and Rappaport ( 1 962 ) 

t e s t e d  solub ili t y  of  gibbere llin A 1 and A3 t o  A9 i n  c hl oroform from 

wate r  at pH 8 . 0 , 6 . 0 ,  5 . 0 ,  and 2 . 5  usi ng bi oassay wi t h  Morse ' s  N0 . 9  

dwarf pea . GA5 and GA1 were par t ially par t i t i one d w i t h  chloroform at  

pH 6 . 0 ,  5 . 0 ,  and 2 . 5  but  not  a t  pH B o O .  Furthermore t he degree of  solu­

b il i t y  o f  GA7 was greater at pH 6 . 0  t han tha t  at pH 5 . 0  and 2 o 5 , whereas 

GA5 was the opposite . The other  g ibber e llins were almo s t  ne gligible in 

s olub i l i t y  for c hlor oform . 

C o ombe and Tate ( 1 97�)  i sola t e d  a �olar gibberellin �32 from 

Prunus armeniaca L • •  They mac erate d  frozen apricot s e e d s  with 0 . 5  M _ 
Na2so4 , and 1. 0 M · Na2s2o5 , a d j u s t e d  t o  pH 2 . 5  with H2s o4 and then b lende d 

the mixture wi t h  n-butanol , s e parating t he two phase s b y  c entri fuga t i on .  

The aque ous phase was re-extra c t e d  with n-butanol and t he c ombi ne d  

butanol fra c ti ons were fur ther part i t i oned with wat e r  a t  p H  1 0 o 0 •  In 

fac t , a polar gibberellin-like sub stance · par t it i one d part iall y with 

e thyl a c e ta t e  a t  pH 2 . 5  from apr i c o t  seeds  c ould b e  GA32 in v i e w  of  

parti t i oning charac teristic  and polar i t y  ( Ja ckson and C o omb e , 1 966 ) .  

Yamaguchi , Yokota , Murofushi , Ogawa , and Takahashi ( 1 970 ) also i s olat e d  

GA32 from i mmature s e e d  o f  Prunus per s i c a  in the n-butanol-solub le 

a c i d i c  frac t i on after par t i t i oning wi t h  b e nzene and e t hyl acetate  

r e spe c t ivel y .  I n  Prunus cera sus L .  cv Montmorenc y ,  Nai t o ,  Inoue , and 

Bukovac ( 1 972 ) par t i t ioned f i r s t ly e thyl ace tate s o luble -GA-like sub ­

s tanc e and s ubse quently a GA- like butanol-suluble sub s tanc e i n  the 

a c i d i c  aque ous phase . They sugge s t  that this butanol-s oluble gibbe r e -

l lin c ould b e  GA32 , be cause i t  was n o t  a c harac te r i s t i c  glyc o s i de b u t  

r e semb l e d  GA32 i n  c hromatograph i c  behavi our and par t i t i on charac t e r i st i c s .  

7 . 3 . 4 .  C ount e r  current d i s tribu t i on 

C ounte r  current d i s tr ibut i on has provided an i mprove d puri fi ­

c a t i o n  method f o r  special  large scale extrac t i ons . T h i s  technique was 
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use d  a t  t he m iddle steps o f  puri fi c a t i on after s olvent part i t i on (We s t  

and Phinney ,  1 959 ; Murofushi , Takahashi , Yokota , Kat o , Shi otani , and 
� · ,  

Tamura , 1 969 ) , and then a further purifi cat ion was made b y  ads orp t i on o r  

par t i t i on co lumn chromatography and paper o r  thin layer chromat ography . 

7 . 3 . 5 .  Column chromatography 

7 . 3 . 5 . 1 .  Part i t ion c olumn 

Gibberellin extra c t e d  from the filtrate of fungus cul t ure 

have b e e n  ab s orbed onto carbon or a mixtur e  of carbon and c e li t e . 

Furt he r  purifi cation was b y  s olvent part i t i on and t he n  c o lumn c hroma t o ­

graphy. S t odo la , Ne lson , and Spence ( 1 957 ) developed  the u s e  o f  par t i ­

t i on chromatography on a buffered c e lite  c o lumn with ethe r  as  t he 

ini t ia l  s tep for the chromat ography of gibbere llin-like subs tance i n  

plant extrac t s  and manage d t o  separat e  ' gibberellin A '  and GA3 • Grove , 

Je ffs , and Mulholland ( 1 958 ) al s o  s e parated gibber e llin A 1 and GA3 with  

a s im i lar celite  co lumn . The y c onfi rme d that ' gibberellin A '  was 

ident i ca l  to  GA 1 • Kende and Lan g ( 1 964 ) modi f i e d  t he c e l i t e  c olumn t o  

use e thyl ace tate instead o f  e t her used i n  the St o dola ' s  metho d ,  b y  

us ing 0 . 5  M phosphate buffer ( pH 6 . 4 ) .  The y found that 1 u g  o f  GA5 and 

GA1 we re we ll resolved by the c olumn . A number of re search workers have 

de t e c te d  gibberellin-like sub s t an c e s  from vari ous plants with this  

me thod ( Most and Vli tos , 1 964 ; Croz i e r  and Audus , 1 968 ) .  Most and 

Vli t os ( 1 964 ) had me t s ome di ff iculti e s  of b ioassay with dwarf pea and 

cucumb e r  when using this me th o d . Wi t h  the fur t her puri ficat i on of plant 

extra c t s  throu gh a buffered c e l i t e  c olumn they found the existenc e  of 

fre e  and b ound forms of gibbere llin-like c ompounds i n  stem  api c e s  o f  

sugar c an e .  

After s tudying indole comp ounds i n  t he s i lica gel par t i t i on 

c olumn ( Powe ll , 1 960 ) , Powe ll and Taudvydas ( 1 96 7 )  applied  t he same 

par t i t i on c olumn t o  the re solu t i on of 7 gibberellins with n-hexane 

satur a t e d  with 0 . 5  M f ormi c a c i d  and ethyl ace tate b y  stepwise and 

gradient  e luti on t e c hnique s .  The r e sults obtained by them were that 

a s t e pw i s e  t e c hnique was a far b e t t e r  characteriza t i on t han gradient 

elu t i o n , although the former t o ok 5-6 hours t o  elu t e  all t he $ibbere ­

llins . This system was appl i e d  by Kozel and Tuke y ( 1 96 8 )  and Ruddat , 

Phar i s ,  A oki , and Crozier ( 1 968 ) .  Durley ,  Cro zi e r , Phar�s , and 

McLaughlin ( 1 972 ) t e sted t he s i lica ge l part i t i on c hr oma t o graphy over 

t hr e e  years . They f ound that the mos t sat i s fa c t ory produc t s  wer e  

Malli nkrodt N o .  2 847 ( 1 00 me sh ) , Mallinkrodt S i l i cAR C C 4  ( 1 00-200 me sh ) , 

and Woe lm Silica Gel c ontaining 20 % water as  stat i onary phase .  Howe ve r ,  

because o f  difficult i e s  such a s  ' dry out proble m '  with Mallinkrodt 
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produc ts , the y repor t e d  that Woelm S i li ca Gel  was a use ful and c onvini ent 

means for the part ial analysis  o f  gibbere llins i n  plant extra c t s , _ 

although 33 gi bbere llins were n o t  c ompletely separated.  

7 . 3 . 5 . 3 .  Gel chr oma t ography 

Sephadex ge l appears t p give a good puri fi cation  o f  gibberellins 
" 

from plant extra c t s  b y  par t i t i on chromatography ( Kohler , 1 965 ; K oshimi zu , 

Fuku i . Kusaki , Ogawa , and Mitsui , 1 96 8 ) . Crozi er , Aoki , and Pha r i s  ( 1 96 9 )  

had c ompared severa l pur i f i ca t i on me t hods . The y found that the methods 

using c ounter current d i s t r ibut i o n ,  Sephadex G - 1 0 ,  and s i l i c i c  a c i d  

part i t ion improved 25 fold c ompared with i on exchange re s i ns , b a s i c  lead 

acetate  t reatment , and a phospha t e  buffere d c e l i t e  c o lumn from 1 , 000 

Phase olus multifl orus se edlings . Se phadex G-50 has been used  wi t h  phos­

phate  buffer and a n-butanol-ethyl ace tate s ys tem t o  isolate  new  gibbere­

llins  suc h as PG- I  and  PG- I I  wh i c h  have diffe rent solub i l i t y  i n  t he 

s olve nts  used by Yamagu c hi , Yokota , Murofushi ,  Ogawa , and Takahashi ( 1 970 ) .  

P i te l , Vining , and Arsenaul t  ( 1 97 1 ) have also  improve d the separat i on 

o f  cl o sely related gibberellin on a prepara t ive scale wi t h  i ni t ia l  

frac t i onat ion _ by s i li c i c  ac id adsorption c hroma t ography .  O f  the several 

grade s of Sephadex t ri e d ,  G - 1 5 e luted with water  gave the sharp0 s t  s e pa ­

rat i on ( Re ynolds , 1 970 ) .  V ining ( 1 971 ) suc c e s fully separa t e d  gibberellin  

A 1 and dihydrogibberellin A 1 by arge ntat ion  par t i tion chroma t ography on  

a Se phadex G-25 c o lumn . 

7 . 3 . 5 . 4 .  Ion exchange column 

Cat i on and anion exchange re s in c olumn chroma t o graphy has b e e n  

u s e d  b y  Radle y ( 1 958 ) ,  Jone s ( 1 964 ) and Cr o z i e r  and Audus ( 1 96 8 ) . 

Howev e r , Cr ozi er ( pers onal c ommunication ) d i d  not re c ommend using the 

r e s i n  c olumn f or gibberellin separati on .  

A ce llulose c o lumn for puri ficati on o f  gibbere llins was e lu t e d  

a t  t he final pur i ficati on b y  petroleum , chlorof orm , butanol , e thyl a c e tate , 

and 3 % NH4oH e t hanol suc c e edi ngly ( Hayashi , Bluemnthal -Goldschmidt , and 

Rappaport , 1 962 ) . A c e l lulose c olumn was also used by Re i nhard , Kat o ,  

and Lang ( 1 960 ) and DEAE-Se phadex c o lumn ( 300 g )  was used  b y  e lu t ing wit h  

a wat e r  ( 2  L )  and 2 N ac e t i c  a c i d  ( 2  L )  linear gradient b y  C o ombe and 

Tate ( 1 9 7� . 

7 . 4 .  Cyt okinin-like subst a nc e s  

7 . 4 . 1 .  Disc overy of kine t in 

In the l i terature reviewed from 1 940- 1 959 by S t e ward and Shan t z  

( 1 95 9 ) , evi dence was given t hat growth promot ive substanc e s  extra c t e d  
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from c o c onut m i lk , i mmatu re fruits  o f  � mays ,  Aesculus woerlit zensis  
Juglans sp . , Musa s p . , and the female game t ophyte o f  G inkgo b i loba c ould 

st imulate cell d ivi si on. This s t imulat i on seemed s imilar t o  t hat  produc e d  

by kine t i n ,  6 - furfurylamino purine , whi ch was i solated b y  Millc. r , Skoo g ,  

van Sal t za , and S tr o ng \ 1 955 ) .  I n  a review o f  kine t in a n d  r e lated  c omp­

ound s  in plant gr owth ( Mille r , 1 96 1  a ) , t he discovery o f  kine t in i s  

bri e fly summari z e d  as  follows : A group o f  s c ientists a t  Skoog ' s  lab ora­

t or y  s tudied the c hemical contr ol o f  differentiation of plant t issue i n  

sterile cultute . The continuous cell divi s i o n  of callu s  t i s sue r e quire d 

IAA plus s ome grow th fac t or der ive d from c oc onut milk or yea s t  extra c t .  

Thi s growth fac t or c ould be  extracted  with  95 % ethanol from yeast ,  c ould 

be prec ipitated w ith silver ni trate under a c i dic c ondi t i ons , the mat erial 

pre c ip i tated w i t h  s i lver and extrac t e d  int o e t her . The ac t ive c omponent 

elut e d  from pape r  c hr omatography has an abs orpt i on maxi mum at  26 8/nmo 

This evidence sugge s t e d  t hat the a c t ive c omponent might be a purine and 

in fac t  an act ive c omponent was found in  a ge d  DNA but not in RNA . Finally 

· the a c t ive c omponent was i s olat e d  in crys t alline form from aut oc lave d  

herring sperm DNA , and i dent i f i e d  a s  6 - fur furylamino pur ine ( kine t i n )  

f orm e d  from the mole cular re -arrangement o f  de oxyadenos ine re lease d  from 

t� DNA . 

7 . 4 . 2 .  His t or i c al progr e s s  of i so lati on for zeat in 

In the  early 1 960 ' s  t here were a number o f  groups who had 
attempted to  i s olate a kinet in-like substance from immatur e  mai z e  or 

young fruits  ( Mi lle r , 1 96 1  b ;  Beauchesne , 1 96 1 ; Letham , 1 96 3  b ;  Zwar e t  a l . , 

1 964 ; Kende , 1 96 4 ; S t owe e t  al . ,  1 964 ; Loe f fler and van Ove rbe ek , 1 96 4 ; 

Wood , 1 964 ) .  The me th ods use d� for i s ola t i n g  t.re sub s t itute  purine de r i ­

vative  from t h e  immature maize  was basi cally the same as  t h e  pur i f i c a t i on 

of kine t in from aut oc lave d DNA , fi nding a chemical and physical  proper­

ti e s  o f  kine t i n , t ha t  is , ( 1 ) :  amphoteric  properti e s  a c t ing a s  a cat i on 

under ac idic c ondi t i ons and as  an anion under alkaline c ondi t i ons and 

there f ore ion exchange c o lumn such as  Dowex 50 ( ca t i on )  or Dowex 1 ( an i o n )  

c ould be  used a t  pH 2 . 5 or 1 0 . 2 , ( 2 ) : pre c ipitation prope r t i e s  from an 

ac idic  soluti on b y  s i lver i ons , possibly natural relat e d  c ompounds will  

be  sub s t i tued w i t h  groups such as sugar wh i c h  c ould prevent t he prec ipi­

tati on , ( 3 ) :  e xtrac t able properties  from water solut i on int o d i e t hyl 

e ther at  pH 9 . 3 ,  al though natural c o mp ounds have sligntly or  no  s olubi ­

lity in  e ther , ( 4 ) : s tab i l i t ie s  i n  s trong a c idic  or basi c  c on di t i ons 

\ Miller , 1 96 1  a & b ,  1 963 ) . Therefore Miller already pre s e n t e d  s ome 

cri t e ria to pur i fy cytokinin-like sub s tanc e s  t o  be extra c t e d  from plant 

mat e rials . Mille r ' s  e xtrac t ion proc e dure t o  isolate a pur ine deriva t ive 
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pre s e n t e d  kine tin-like ac t i v i t i e s  and was a s  follows : A 65  per cent  

e t hyl alc ohol extract  fro� a c reamier ma ize  was prepared a t  room t e mper­

rature . The e tha�ol extra c t  on i t s  aque ous residue was pass e d  through 

a Dowe x  50 W-X 8 ( H+ , 50- 1 00 mesh ) c olumn and then was e lu t e d  with 6 N 

NH40H after a large volume· o f  water  washing .  In  some c a s e s  i t  was e lu te d  

w i t h  1 . 5 N HCl ,  and followe d by 4 N HCl .  The c oncentra t e d  solution free 

fr om NH40H c ould be pas s e d  onc e more through D owex 50 ( H+ ) c olumn . 

What ma n  No . 1  paper was use d for paper chroma t ography and t he solvent 

sys t e m  was a mixture o f  n-bu tanol , water , and c on£ NH40H . The f inal 

yie ld o f  ac t ive c ompounds was 1 7 . 7  mg from 84 kg o f  i mmature c orn mai z e . 

In  fact  this c ompound was c onfi rme d t o  be  i dentical wi t h  zeatin whi c h  

Le t ham i solate d first a s  pure crystals in  1 963 b independently ( S e e  

b e l ow ) . Later  re search b y  Mi ller ( 1 965 , 1 96 7  a & b )  and Miller and 

W i t ham ( 1 964 ) followe d h i s  main pattern o f  extrac t i on pr ocedures ,  alth-
" 

ough s ome have s lightly modified  his  me th ods . Klamb t , Thi e s , and Skoog 

( 1 966 ) use d  nine steps t o  pur ify c rude bac t e r ial extrac t s ,  t hat  i s , 

Dowex 50 W-X 4 H+ c olumn , Ag pre c ipitat e , butanol and CHC13 extrac t s , 

and Whatmann 3 mm paper c hromat ography ,  i d e nt i fying the frac t i ons a s  

6 - ( r , r -dime th ylallylamino ) purine , ni c o tinami de , and 6 -me thylaminopurine . 

I t  was Let ham working for the D . S . I . R . i n  New Zealand who 

f i r s t  i s olate d  a cyt okinin-like sub s tanc e aften having f ound a kine t i n­

like a c tivity  in  crude apple extract  ( Le t ham and B ollard , 1 96 1 ) .  T h i s  

c ompound was found to  be  identi cal t o  t he a c t ive c ompound isola t e d  from 

swe e t  c orn extrac t s  and was given the trivial name o f  ·zeatin  ( Le tham , 

1 96 3  b ) .  In  t he development o f  his  extrac t i on pro c e dure s he examine d 

the c yt okinin ac t iv i t ie s in the plum fru i t  extrac t fra c t i ons ( Le t ha m , 

1 963 a ) , Le tham f ound tha t e thyl a c e tate extra c t i on from t he nat ural 

a que ous phase ( pH 3 . 3 ) , a f t e r  evaporati on of alc oho l ,  had a high c on tent  

o f  i nhibit ors but the butanol phase extra c t e d  from the  a que ous phase  

a d j us t e d  t o  pH  7 . 0  had a s igni fic an t ly higher c ontent o f  c yt okinin 

a c t iv i t y  as  measured b y  pro l i feration c e ll division of c arrot phloem 

t issue s o  He found also that t he leve l of inhib itors i n  t he e thyl a c e tate  

phase  re duce d  in  order fro m  pH  2 . 0 ,  3 . 3 ,  4 . 0 ,  and to  7 . 1 i n  the  a que ous 

pha s e . Probably this s c he me of extrac t i on pro c e dure for c yt okinins i n  

p lant t is sues , a s  the s olvent par t i t i ons such a s  e t hyl-butanol pat t e rn 

was first  t o  suggest , s e para t e s  c yt okinins from IAA-lik&,  ABA - l ike , and 

gibbere llin-like sub stanc e s . The methods u s e d  by Le tham have var i e d  t o  

s ome extent , although the princ i ple extrac t i on pro c e dure s were the same . 

B ot h  Le t ham ' s  and Miller ' s  me th ods are based on ion exchange c o lumn 

c hr omatography and pre c ip i t a t i on wi th s i lver ni trate . The detai led  e xtrac-
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t i on pr o c e dures that Le tham has use d are a s  follows : ( 1 ) t he init ial 

pur i f i c at i on o f  c yt okinin-like s ubstan c e s  with i on exchange re s i n  from 

e thano l  extra c t  be fore or a f t e r  s olve nt part i t ioning with e thyl ac e tate ­

n-butanol at  d i f ferent pH ' s  o r ,  in s ome case the use o f  e t hyl e t he r ·( Le t ha m , 

1 974 ) ; ( 2 )  pre treatment with  c harcoa l  ( Le tham , 1 974 ) be fore loading on 

to the  i on-exc hange column ; ( 3 )  prec ipitate  wi t h  s i lver ni trate , and in 

some case par t i ti on chroma t o grap hy on a ce llulose c olumn and paper c hr o ­

mat ographic  pur i ficati on ( Le tham , 1 963 a & b ,  1 964 , 1 966  a ,  b ,  and c ,  

1 973 , 1 974 ) o  

One o f  other gro ups wh o had inve s t i gated cyt okinin-like sub ­

s tanc e s  from apple frui t le t s  were Zwar , B o t t omley ,  and Ke fford i n  1 96 3  

at  C . S . I .R . O .  i n  Canbera , Aus tralia . The scheme o f  extrac t i on pro c e dure s  

u s e d  b y  Zwar e t  al . basi c a lly originated  from the method of Mi ller . The 

methods used by them after pur i ficat i on with e t hyl a c e tate were as 

f ollows ( 1 ) ads orpt ion on cat i on-exchange resin ( Dowex 50 ) and d i s ­

pla c e me nt w i t h  2 N ammonium hydr oxide , ( 2 )  ads orpt i on o n  carb on and 

e lut i on with pyr i dine-ethanol ammonium hydroxi de , and ( 3 )  pas sage t hrough 

polyamide re s i n .  They f ound at least four zone s of h i ghly c yt okinin-

like ac tivity  from the aqu e ous phase after paper chromatography. In  

1 970 Zwar and Bruce obtaine d c yt okinin ac t iv i t i e s  from extract  of  

young apple s a nd fro m c oc onut milk .  The y ,  however , sugge sted  that 

c yt ok i nins i n  apple fruit extract may not be  the same as zeatin and 

zeatin  riboside , as sugge s t e d  by other work ( Le t ham , 1 963 a ,  Le t ham and 

W illiams , 1 96 9 ) . 

7 . 4 . 3 . An outline of extra c t ion pro c e dure s and c o lumn chr omat ography 

Lat e  in the 1 960 ' much literature has .reported c yt okinin­

like sub stanc e s  in vari ous plan t t i s sue s ,  usi ng the above methods . 

A b r i e f  summary for t he extra c t i on proce dures i s  as  foll ows . In i t ia l  

extra c t i on f r o m  plant t i s sue s was made using 8 0  % aqu e ous e t hanol or 

me t hanol e ither at  room t e mpe rature or at  1 -2°C fr om 1 t o  3 days . 

A f t e r  alcohol extra c t i on i n  order t o  remove s om� inhi b i t ors · from t he 

aque ous phase , solve nt par t i t i on was e mploye d  with petroleum e t her 

( Mahe s hwari and Gupta , 1 96 7 ) , or die thyl e ther or e thyl a c e tate at  

the a c i d i c  c ondition ( Le t ham , 1 963 a ) , alt hough petroleum can remov e  

s ome c yt okinin activit y ,  sugge s t ing resemb lanc e t o  t h e  c3mpound found 

by Sassa ( van S taden and War e ing , 1 972 ) . Before sub j e c t ing to s olvent 

par t i t i on ,  the aque ous s olut i on can be  slurr i e d  wi t h  polyvinylpyrr oli done 

( PVP ) and then the s lurri e d  s o lution filtered ( Hewe t t  and Wareing , 

1 973 a ) . 
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C yt okinins are now known t o  be 6 -sub s titute purines a s  free 

bases and t he ir ribosides  and ribotide s .  The 6 - sub s t i t ut e  purine and 

t he ir rib o s i de can be extra c ted by butanol at  pH 7 . 0- 8 . 5  ( Se e  s e c t i on 

7 . 4 . 2 . 1 . )  while ri boti d e s  rema ining in the aque ous phase  c an b e  hydr o­

lyz e d  at t he alkaline c ondi t i on b y  phosphatase as  ment i oned in s e c t i on 

7 . 4 . 2 . 2 .  

7 . 4 . 3 . 1 .  The 6-sub s t itute  purines and their ribosides  

7 . 4 .3 . 1 . 1 .  Dowex 5 0  c olumn 

The residue of the  butanol phase or the wat e r  phase b e f or e  

butanol par t i t i on ,  can b e  puri f i e d  w i t h  i on exchange c olumns . Par t ic ul­

arly D owex 50 , cat ion exchan ge re sin wi th whi ch free base  and nuc l e o ­

s i d e s  can b e  re taine d and then e lute d wi th 1 . 5-6 . 0  N ammonia has b e e n  

e mployed b y  many worker s  ( Mi ller , 1 96 1  b ;  Zwar , e t  al . , 1 964 ; S e t h  and 
" 

Ware ing , 1 965 ; Mahe shwari and Prakash , 1 96 7 ;  Klamb t ,  Thi e s , and Sko o g ,  

1 96 6 ; Gupta and Mahe shwari , 1 970 ; Tegley and Wi tham , and Krasnuk , 1 9 7 1 ; 

Woolley,  1 971 ; Hewe t t , and War e i ng ,  1 973 a ;  Ryb i c ka and Enge lb r e c ht , 

1 974 ) . 

7 . 4 . 3 ; 1 a 2 .  Zeo-Karb 225 c olumn 

The cation exc hange resin Ze o-Karb 225 was used  b y  Let ham 

( 1 963-1 975 ) and Hewe t t  and Wareing ,  1 973 b ) . ' Ze o-Karb 225 ' as H f orm 

was e luted with 4 N HCl ( Le tham , 1 963 b )  and ' Ze o-Karb 225 ' as NH4 f orm 

was e luted wi t h  1 . 5 N NH4 0H ( Le tham , 1 96 8 ) . Le tham ( 1 96 8 )  separa t e d  

c yt okinin ac t iv i ty from swe e t  c orn using firstly a cat i on exchange 

c olumn , and s e c ondly an ani on exchange c o lumn . 

7 . 4 ;3 . 1 . 3 .  An anion exc han�e resin c o lumn as Dowex 1 

Dowex 1 with  i t s  strong ani on exchange prope r t i e s  has given 

poor rec overy of c yt okinin ac t iv i t y  ( Zwar and Sko og ,  1 963 ) .  However ; 

most of c ol oure d  mat e r ials in the e xtract was removed b y  Dowex 1 

( 50- 1 00 mesh ; formate form ) and further pur i f i cat ion was made b y  using 

DEAE cellulose ( Browning , 1 973 ) . D owex 1 x 1 0  ( 200 me s h ) also  was use d  

b y  Se th and Ware ing ( 1 96 5 ) and Gupta and Maheshwari ( 1 970 ) , B I O-RAD 

AG 1 x 8 ,  200-400 mesh ( Cl- ) f orm b y  Tse  ( 1 974 ) ,  and De-Ac i di t e  FF 
( A c e tate f orm ) by Le t ha m  ( 1 968 1 974 ) . 

' 

7 . 4 J 3. 1 . 4 .  Othe r c olumns 

Sephadex LH-2 0 , using 25-30 % e t hanol gives  good res o lu t i on 

be t we e n  several cyt okinins (Armst r ong , Burrows , Evans , and Sko o g ,  1 96 9 ; 
Burrows , Skoog , and Le onar d , 1 971 ; He wett  and Ware ing , 1 973 a , b , &  c ;  
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Horgan , Hewe t t , Purse , and Ware ing , 1 973 a ) . 

Pape r  r o ll c o lumn chromatography has been u s e d  b y  Mat subara 

and Koshimizu ( 1 966 ) .  With the plant hormone analysis , muc h  difficult� 

i s  caused b y  t he pre sence of phenolic  c ompounds . T o  d i s c ar d  phenoli c  

c pmpounds a s  we ll as other plant c omponents a number o f  d i f fe rent c olumn 

have been employe d  suc h as polyamide p owder ( Zwar , B o t t omle y ,  and 

K e f f or d , 1 963 ; Le tham and Wi lliam s , 1 96 9 )  and cellulose  phosphate in  

NH4 f orm ( Le tham,  1 96 9 ; Skene , 1 972 a ;  Ske ne and Ant c l i f f ,  1 972 ) .  One 

of the b e s t  c o lumns for removing phenolic c ompounds may b e  insoluble 

polyvinylpyrrolidone ( Glenn , Kuo ,  Durle y ,  and Pharis , 1 972 ; Thomas , 

Carrell , I s e nb e r g , Pe nde rgrass , and Howell , 1 975 ) .  

7 . 4 . 3 . 1 . 5 .  Pre c ipitati on 

S i lver nitrate ha s b e e n  used to pur ify purine unsubst i t ut e d  

in  posi t i on 9 ( Mi lle r , 1 96 1  a ;  Letham , 1 96 4 ,  1 966 a ,  and 1 96 9 ; Mahe sh­

wari and Prakash , 1 96 7 ) . S i lver pre c i p itati on , however , c ould b ring 

ab out c onsi de rable loss of c yt okinin a c t iv i t y  when e sp e c ially low 

ac t ivity s o lu t i ons were use d  (Woolle y ,  1 97 1 ) .  

Me rcury salt s can also be used  f or nicot inami de-type c yt okinins 

(Wood , 1 96 4 ; McKenzi e  and Stre e t , 1 972 ) . Of several heavy metal pre c i ­

pitants t e s te d ,  mercuric  a c e tate  was t he most  effe c t ive pre c ipi t ant for 

crude extra c t s  of pea s e e dlings ( Zwar and Skoog, 1 96 3 ) . 

7 . 4 . 3 . 1 . 6 .  Paper and thin-laye r  c hr omatography 

Paper and thin-layer chroma t ography have b e e n  e mploye d when 
further pur i f i c at ion i s  ne c e ssary,  using var i ous s olve n t  s ystems . 

7 . 4 . 3� 2 o  Zeatin ribot i de and o t her b ound forms o f  c yt okinins 

Mi ller ( 1 965 ) and Let ham ( 1 966 c )  also i nv e s t i gated c yt o ­

kinin-like c ompound in  swe e t  c orn other t han Zeat i n  and finally Miller 

( 1 965 ) and Le t ham ( 1 966  c )  crystal i z e d  Zeatin rib o t i d e . 

In  s olvent part i t i o n ,  Zeat in ribotide and o t he r  b ound f orm 

o f  c yt okinins r emain in  t he wat e r  phase after butanol extra c t i on at 

pH 7 . 0-8 . 5 .  

I n  order t o  pur i fy nucl e o t ide c yt okinins from t he wat e r  phase 

after butanol part i t i on or from crude e t hanol extra c t s , _the foll owing 

t e c hniqu e s  have been used ( 1 ) adsorption with charc oa l  ( Le tham , 1 966  a ,  

1 974 ) , ( 2 )  b inding wi th ani on exchange r e s in , such a s  De -A c i d i t e  FF a t  

p H  1 1  as ment i oned in se c t i on 7 . 4 . 2 . 1 . 2 . ( Le t ham , 1 9 6 8  ) and ani on ex­

change c o lumns at neutral pH ' s  ( Yoshida and Ori tan i , 1 972 ) ,  ( 3 )  pre c i­

pitati on wi t h  barium salts  ( Mi l le r , 1 965 ; Woolle y ,  1 97 1 ) . _ After e lu t ing 



1 22 

the  c o lumns or releasing pre c ip i tant , t he r e s i due of nuc le o t i de c yt oki­

nins Gan be re suspende d with water and then further pur i fi c at i on b y  

s olvent par t i t i oning after enz ymic c onve r s i on , using a lkaline phosphatase 

to fo�m the riboside ( Woolle y and Ware ing , 1 972 ; van S tade n ,  Webb , and 

Wareing ,  1 972 ) . 

7 . 4 . 4 .  The o c c urrence o f  c yt okinins i n  d i fferent p lants 

Zeatin  has been  widely found e i ther as pur i fi e d  crystal f orm 

or b y  e o-chromat ographic studies in,  Zea mays kerne l s  ( Le tham , 1 963 \ b , · 

1 964 , 1 966 b & c ;  Letham and Miller , 1 965 ) , Rhi zopogon rose olus ( Mi lle r , 

1 96 7  a ,  1 96 8 ) , apple and plum frui tlet  ( Le t ham , 1 964 , 1 966  a ,  1 96 9 ; 

Le t ham 

1 964 ) , 

( Gupta 

leav e s  

and William , 1 96 9 ) , immature sunflower fruits  ( Mi ller a n d  Wit ham , 
1 1  

sunflower leav e s  and root  exudat e  ( Klamb t , 1 96 8 ) , pumpkin seeds 

and Maheshwari ,  1 970 ) , shoot s o f  grape ( Skene , 1 972 a ) , buds and 

o f  Populus t r e mula , and Acer  platanoides ( Enge lbre cht , 1 97 1 ) ,  

leaves  o f  Populus x R obusta ( Hewe t t  and Ware ing 1 973 b ) , Zeat i n  r ib o s i de 

and Zeatin r ib o t i de have been  repor t e d  from almost all t he p lant t is sues  

in mai z e  kernals , c o c onut milk ( Le t ham , 1 96 8 ,  1 974 ) , Rhi zopogon rose olus , 

and C i c horiu� intyb u s  roots  (Bui-Dang-Ha and Nitsch , 1 970 ) , a n d  leave s  
" 

and root  exuda t e s  o f  sunflower ( Klamb t , 1 96 8 ) , some othe r  Zeat in-like 

substanc e s  deriva t i v e s  have been reported in vari ous part s  o f  the plant 

kingdom ; 6- ( 3- me t hylbut -2-enylamino ) -purine in Coryneba c terium fascians 

( He lgeson and Le onard ( 1 966 ) , 6 - ( 3-me thylbut-2-enylamino ) - 9-8 -D-rib ofu­

ranosylpurine in t RNA of �. Coli and yea s t  or sRNA of several h i gher 

plant s ( Skoog and Armstrong , 1 970 ; Gaus s , e t  al . , 1 971 ) ,  6 - ( 4-hydroxy-

3 -methylbutylamino ) -purine ( Dihydr o z e a t i n )  in immat ure lupi n  s e e d  

( Koshimizu , e t  al . ,  1 96 7) ,  Cis-zeat in r i b oside in  sRNA o f  several plants  

( Hall , e t  al . , 1 96 7 ; Bab c ock and Mor�is , 1 970 ; Playt i s  and  Le onar d , � 1 972 ; 

Vreman e t  a l . , .  1 972 ) , 6 - ( 3-met hylbut - 2-enylamino ) -2- me thylthi o -9-$­

D-ribofuranosylpurine in �- Epi derm i d i s  ( Armstrong , e t  a l . , 1 970 ) ,  in  

tRNA of �- ££11 . (Gauss , et  a l . , 1 971 ) ,  6 - ( 4-hydroxy-3-me t hylbut -2-enyl­

ami n ) -2-methylthi o-9-� -D-rib ofuranosyl-purine in sRNA of wheat germ 

( Burrows , et a l . , 1 970 ) , in  sRNA o f  t ob a c c o  callus ( Burrows , et a l . , 

1 97 1 ) ,  and pea shoots ( Vreman e t  al . , 1 972 ) , 6- ( 2-hydroxyb e nz yl ) amino­

purine rib o s i de ( Horgan , e t  a l . , 1 973 a ;  Hewett and Ware i n g ,  1 973 c ) .  

7 o 5 •  De t e rmina t i on o f  plant hormone s b y  gas-l i quid chroma t o graphy ( GLC )  

In r e c ent years , the t e c hnique o f  gas -liquid c hr oma t ography 
( GLC ) has b e e n  used t o  analyse p lant h ormones . The t e c hnique can often 

r e solve the c l o sely related  c ompound s . Furthermore c ombined gas ­

liquid chroma t o graphy and mass s pe c tr ome try ( GC -MS ) gives c onc lusive 
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i dent i ficat i on of plant hormone s .  A s  gas chromat ogra phic  instrument s 

supplementary e qu ipmen t has improve d ,  t he use o f  GLC and GC -MS has 

opene d a ne w era i n  whi c h  plant phys i ologi s t s  and bi ochemi s t s  can more 

c learly identify and quan ti fy pla n t  hormone s whi c h  are linke d wi t h  

phys i o logi c al and b i o c hemical phenomena i n  plant s .  

7 . 5 . 1 .  Auxins by GLC 
Ike gawa , Sumiki , and T akahashi in 1 963 first repor t e d  t he 

behavi our o f  GA1 -GA9 i n  GLC and i n  1 964 , S t o we and Schilke repor t e d  

t h e  c harac t eristi c s  o f  1 9  i ndole c ompounds i n  a gas c hromat ographic 

separat i on on 1 0  % o f  Versamid 900 ( an ethylene diamine linole i c  a c i d  

p olyamide o f  uncertain s truc ture ) ,  polyne open t ylglyc ol suc c inat e , s i l i ­

c on SE-3 , SE-52 , and QF- 1 . The y found sat i s fac tory t e c hnique s for  

i ndoleac e t i c , indolepr opi oni c ,  and  i ndolebut yri c  acids b y  e s t e r i f icat i on 

with BF3 , b ut indole -3- carb oxyl i c , indole -3-glyc o lic , indole -3-pyruvic , 

and indole-3-lac t i c  a c i d s  were d e str oyed b y  the BF3 catalys i s  me thod . 

P owell ( 1 96 4 )  was probably t he first  t o  determine IAA from 

plant mat e r ials such as mai ze and i ndoleace t on i trile in cabbage by GLC 

and s pe c t r ophot ofluorome t r y .  In h i s  procedure s ,  t he residue o f  t he 

c olle c te d  fra c t i on from t he silica  gel column was me thyla t e d  b y  diazo­

methane and further pur i fication wa s made b y  GLC using 7 % Ve rsamid 

s t a t i onary phase and an Argon i oni zat i on de t e c t or ( 90 Sr ) for individual 

i ndoles which  were then de t ermined by a spe c tr ophot ofluoromet e r .  

With the same stationary phases u s e d  by St owe and Schilke ( 1 964 ) 

Grunwald , Mende z ,  and S t owe ( 1 96 8 )  found t ha t  3 % Versamid 900 and 3 % 

HI-EFF 8BP gave b e t t e r  r e sults t han 7 . 3  % s i l i c one SE-30 and 4 . 8  % 

s il i c one SE-52 for 1 1  me thylate d indole s .  

Davis , He inz , and Add i c ott  ( 1 96 8 )  sugge sted  t he feasib i l i t y  o f  

analysi s  o f  plant hormones using the trime t hylsi lyl ( TMS ) de�iva t ives  of 

IAA , ABA , and GA3 from c rude a c i d i c  plant extra c t  s ince  the derivative s 

gave ( 1 ) no  rearrangement s , ( 2 )  stab i l i t y ,  ( 3 )  easy s epara t i o n ,  and ( 4 )  

easy rege nerat ion. However they d i d  not determine IAA i n  deve loping 

c ot t on frui t  but only ABA ( See ABA GLC ) .  

Us ing the s t a t ionary phase 3 % SE-30 and 3 % QF- 1  and an inter­

c hangeable hydrogen f lame det e c t or t he methyla t e d  e sters of I ndole-3-

a c e t i c  ac i d ,  Indole -3-carb oxyl i c  aci d ,  Indole -3-prop i onic a c i d ,  and 

Indole-3-butyric  a c i d  in s everal N i c o t iana spe c i e s  were de t e c t e d  by 

Bayer ( 1 96 9 ) . The ac t i v i t y  of the indole c ompounds obtaine d b y  GLC were 

checked by b i oassay and spectropho t ofluorome try.  
Ueda , Ehmann , and Bandurski ( 1 970 ) i mprov e d  the  fra c t i onat i on 

of t he myoinos i t ol e s te r s  of IAA from mai z e  kernels t hrough severial 
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c ompl i c a t e d s t e ps and iden t i fi e d  IAA myoinosit ol s , IAA myoino s i t ol 

arab inos i d e s , and IAA myo ino s i t ol gala c t o s ides b y  GC-MS analys i s , using 

a hydro ge n  flame i on de t e c te r  and c o lumns packed with 3 %  OV- 1  on 

Chr omosor b  W ,  2 % OV- 1  on Gas- c hrom Z ,  3 . 8  % UC-Wp8 o n  Diatop ort , and 

3 . 7 %  HiEff-8BP on Gas - c hrom Z for GLC . 

Alden ( 1 971 ) c onfirmed only t he pre sence o f  IAA in buds of  

Pinus s i lve stris  using hydr ogen flame i oni zat ion . Alden c ould not find 

any great  advantage s  of GLC ove r  fluorescence  s pe c t r ophot ometry i n  t he 

de t e rmina t i on of  indole c ompounds . 

El-Antably ( 1 975 ) demonstrate d  t he presenc e of  a rat i o  1 3 . 8  

( 1 37 - 5  : 52 . 5 �g/g dry we i ght ) for IAA and 2 . 1  : 1 . 0 for ABA ( 47 . 5  1 00 

.Pg/g dry we ight ) from the upper and lower halve d  horizontal shoots  in 

Ribe s nigrum by GLC . The me tho ds used  for the puri fi cation o f  extra c t s  

was s olve nt par t i t i on wi t h  e thyl a c e tate , thin layer chr oma t o graphy w i t h  

s i l i c a  ge l GF-254 develope d wi t h  e t hyl acetate : c hloroform : a c e tate 

( 1 5 : 5 : 1 v/v/v ) , and gas c hr oma t ography with a flame i oniza t i on 

dete c t or and Epon 1 001 on �v DMCS c hromosorb W ( 60-80 mesh ) . 

7 . 5 . 2 .  Absc i s i c  a c i d  b y  GLC 

7 . 5 . 2 . 1 .  De t erminat i o n  of ABA by a flame i oniza t i on de t e c t or 

Of plant hormone ABA has been t he most widely measure d in 

plant extract  by GLC using b ot h  flame i oniza t i on and ele c t r on capture 

de t e c t ors . 

After Davis , He inz , and Addi c o t t  ( 1 96 8 )  had c hara c terized  the 

b e ha v i our of TMS derivatives  of IAA , GA3 , and ABA b y  BSA s i lylated  

reagent (bis ( tr ime t hylsi lyl ) a c e tamide ) in gas liquid chromatography,  they  
examine d only ABA in deve loping c o t t on frui t  in the ac i d  fra c t i on of  

e thyl a c etate s olvent par t i t i on at pH  2 . 0 by GLC . In  the  preliminary t e st 

on t he TMS derivat ives o f  the residue of  the e thyl acetate  frac t i on 

t he y  found that there was a large peak wh i c h  would mask ABA . The r e f ore 

t he y  t e sted two different me t hods . The first  me thod was to purify  the 

TMS derivative s of  the a c i d ic fra c t i on us ing 5 % SE-30 or 5 % QF- 1  c o lumns 

and a t herma l  c ondu c t iv i t y  d e t e c t or and then re chromat ograph the c olle c t e d  

samp l e s  on t he flame i onizat i on instrument . This me t ho d  r e sult e d  i n  a 

c on s i de rable loss of  ABA . In the s e c ond method t e s t e d  addi t i onal puri ­

f i ca t i on was made b y  a c e l i t e - charc oal c o lumn usi n g  a s t �p wise e lu t i on 

and then inj e c t ing TMS derivat ive s o f  the sample on c olumns packed wi t h  

5 % SE-30 and 5 % QF-1  s t a t i onary phase o n  60- 80 me sh Chromos orb W .  

Thi s me t hod gave b e tter re c overy and they e s t imated  that t h e  level o f  

ABA was 0 . 65 mg/kg fre sh we i ght of  deve loping c ot t on frui t . 
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Lent on , B o we n ,  and Saunders ( 1 96 8 )  also at t e mpt e d  t o  determine 

ABA leve ls from phlo e m  and xylem sap of  willow (� viminalis L ) , b y  a 
G LC t e chnique usi ng 1 . 5 % QF- 1  on AW-DMCS Chromosorb W .  Suc c e � s ful gas 

c hr omatographi c  separa t i on wa s ob tained after  purificat ion  by s i l i c a  ge l 

TLC using two different solvent  systems . The y e stimat e d  1 0  �g and 1 -5 ug 

o f  AEA i n  1 00 ml o f  phloem sap and xylems sap respe c t ively . 

In order t o  c onfirm the presence  o f  AEA i n  the plant extra c t s  

whi ch had b e e n  examined b y  b i oassays , Ramsay and Mar t i n  ( 1 970 b )  pur i f i e d  

t he acid  e ther fra c t ion  o f  apr i c ot bud extra c t s . F i r s t l y  a s i l i c a  gel 

TLC , with n-propanol : n- butan ol : water  : 30 % ammonium (6 : 2 2 1 

v/v/v/v ) was use d ,  then t he ABA marker pos i t i o n  was s c raped o f f  and 

t he eluted  residue pur i fi e d  by paper chromat ography using is opropanol 

30 % NH4 0H : water ( 8  : 1 1 v/v/v ) . Finally t he ABA p o s i t i on on the 

paper was eluted by Me OH , rechromatographe d on silica gel TLC using the 

s o lvent system ( b e nz e ne ac e t i c  acid  : wa ter , 8 : 3 : 5 v/v/v ) and the 

e lu t e d  sample s from TLC were me t hylated and analyz e d  b y  gas c hromat e- · 

graphy. The y found t hat  the apr icot  bud inhib i t or had the same retention 

t ime as AEA and als o a small peak o f  trans -AEA . 

Most ( 1 97 1 ) de monstrated t hat the ab scisic  a c i d  in sugar cane 

leaves s ub j e c t e d  t o  drought stress  was greatly increased . The abs c i s i c  

a c i d  c ontent determined by GLC using 2 % QF- 1  o n  80- 1 00 mesh Gas - Chrom A 

or 2 % SE-33 on 80- 1 00 mesh Chromosorb G represented only ab out � the 

total i nhibit ory mat erial det ermine d by b i oa ssay . 

Lent on , Perr y ,  and Saunders  ( 1 97 1 ) deve loped the quanti tat ive 

GLC measurement of abs c i s ic ac i d  using an internal s tandard o f  t -ABA . 

In  using t -AEA as a n  internal s tandard , there must b e  ( 1 ) no pre se nce  o f  

a sign i f i cant amoun t  o f  t -ABA i n  t h e  plant materials , ( 2 )  no i s oemrisa t i on 

oc curring dur ing t he pur ificati on o f  extrac t s , and ( 3 )  re c overy of  the 

two i s omers in the same fra c t i on during the puri ficati on s . The y f ound 

Epon 1 001 stati onary phase gave the b e s t  chromat o graphic performance 

c ompare d  t o  1 . 5 % QF- 1  and 2 . 5 % OV- 1 7  stationary phase . 

Adding 1 5  ug o f  synthe t i c  2-trans ABA t o  t he plant mat erial 

as  an int ernal standard at the beginning of  e xtra c t i on pro c e dure t o  

determine % re c overy o f  AEA through pur i ficat i on ,  Simpson and Saunders 

( 1 972 ) f ound an e s t i ma t e d  0 . 234 mg of  AEA/kg dry we i ght in the tall pea 

varie t y  Alaska grown i n  the dark and 0 . 644 mg under 1 6  hpur daily photo­

period , while in the dwarf pea  var i e t y  Me t e or 0 . 1 86 mg and  0 . 6 47 mg  

respe c t ively , after c orrect ing f or 56  % re c overy o f  ABA during the 

purifi c a t i on .  

Earne s ( 1 972 ) , howeve r ,  reported n o  sign i f i cant di f ference  o f  

ABA e ither be tween tall and dwarf nor b e twe e n  dark and r e d  l i ght c ondi -
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t i ons , e s t ima t i ng 1 020 vg in  kg dry we ight under dark treatment and 

870 vg under red light in the dwarf pea Gradus and 820 ug/kg and 700 

ug/kg re spe c t ively in the tall pea var i e t y  progre ss  No . 9 .  

Shindy and Smith ( 1 975 ) e s t i mated 2 . 62 ng o f  ABA/g fresh 

we igh t  o f  8-day- old c ot t on ovules i n  t� a c i d i c  fra c t i on of the s o lvent 

partiti on w i t hout furthe r  purificat i on ,  c onfirming the ident i fi c a t i on 

o f  ABA by a c omputer-c ontr olled GC -MS . 

7 . 5 . 2 . 2 .  De t ermina t i on o f  ABA b y  an ele c tron capture de t e c tor 

The most sens i t ive assay o f  abs c i si c a c i d  wi th the me thylated 

e s ters of ABA in the plant extra c t s  was achieved by us ing e le c t r on 

c apture -gas chromatography wi thout be ing c onverted to  a hal ogenated  

derivat ive ( S e e l e y  and Powe ll ,  1 970 ; Powell , 1 972 ) . 10  p i c ograms 

( 1 0- 1 1 g )  o f  ABA c ould b e  dete c t e d  quanti tative �y with linear i t y  from 

1 pic ogram to 1 nanogram by employing 2 % SE-30 as  a stat i onary phase . 

Since  then e l e c t ron capture gas chr omat ography has b e e n  wide ly 

adapted , par t i c ularly for the measurement of ABA in plant extrac t s ,  

573 pg of c i s-ABA/mg dry leave s was found in salinized plant s of 

Ni c ot iana rus t i c a  c ompared with 90 pg/mg dry we ight leav e s  fr om nonsali ­

nized plant s ( Mi z rahi , Blumenfe ld , B i t tner , and R i c hmond , 1 97 1 ) ;  1 ug 

an� 1 0 . 75 ug o f  ABA in  1 00 g fre sh we igh t  of leave s wi th and wi thout 

treatme nt o f  Ethephon t o  the five leaf s tage of monoe c i ous cucumbe r  

respe c t ively a n d  6 . 43 and 2 . 23 ug/1 00g fresh wei ght of gynoe c i ous 

cucumber w ith the same c ondi t i ons men t i one d ab ove ( Rud ic h ,  Ha levy , and 

Kedar , 1 972 ) ; 1 0/1 ra t i o  o f  b ound to free ab s c i s i c  ac id ( 80 : 7 - 7  ug/kg 

fresh we igh t ) i n  the senescence  of c i trus fruit peel ( Goldschmidt , G or e n , 

Even-Chen , and Bit tner , 1 973 ) ; 6 . 8 ug o f  ABA in  one gram dry we i ght in  

t he t i s sue a t  t he t ime of acrope tal c alyx abs c i s s i on t o  c ompare with 

1 . 0-2 . 3  ug/g dry we ight in the early stage s  su c h  a s  t i ght bud t o  pe tal 

Absc i s s i on i n  Hibiscus rosa-sinensis  L . ; ABA c ontent s  i n  r e la t i on to 

ripening o f  grape ( C o ombe a nd Tat e , 1 972 ) . 

In  r e lated c ompound , 0 . 1 1  mg of phase i c  a c i d  a nd 5 - 95 mg o f  

4- dihydrophase i c  ac i d/kg dry we ight of non- imbibed  Phaseolus vulgari s  

seed re spe c ti ve ly was de termine d by Walton , Darn , and Fey ( 1 973 ) . 

7 . 5 . 2 . 3 . Ident i f i c a t i on of ABA 

7 . 5 . 2 . 3 . 1 .  GC-MS for ABA 

I n  1 96 8 ,  Gaskin and Mac Mi llan explored the i de n t i f i c a t i on and 

e s t imat i on of ABA in a c i de r apple j u i c e  by GC-MS , using the s t a t i onary 

p� se s as  me n t ioned in se c t i on 7 . 5 . 3 .  �hey identi fied ABA and trans-ABA 
from a me thyla ted crude ac i di c fra c t i o n  of c ide r apple j u i c e , but  not  

phase i c  a c id and  estimated 30  ug abs c i s i c  acid  per  li tre as c ompared 
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with 20 pg e s t imated  with  b i oa s say b y  Pieniazek and Rudnicki ( 1 96 7 ) .  

In  1 970 Most , Gaskin ,  and Mac Mi llan c onfirmed the pre sence o f  ABA i n  the 

i nhibi t or s  B1 and C from i mmature frui t of  Cera t onia siliqua L . ( Carob ) 

and i n  c ommer c ial carob s yrup , by TLC , GLC and GC-MS . 

After c onfirming the pre s ence  of Pha s e ic a c i d  i n  the seed  of  

Pha s e o lus mul t i florus b y  GC-MS , Durley ,  MacMi llan and Pryc e ( 1 9 7 1 ) e s t i ­

mat e d  0 . 3  mg/kg fre sh we igh t  o f  s e e d  by GLC . Wi th the same t e c hnique s ,  

5 . 5  nmole s of  ABA/g fre sh wei ght in  the immature fru i t  of  Cerat onia 

siliqua L .  was estimat e d  b y  Mos t , Gaski n ,  and Mac Mi llan ( 1 970 ) ; 1 9 � 0  

nmole s/g dry we ight for t he t e �ta , 1 . 4 nmoles/g for t he peri carp , and 

0 . 09 nmoles/g dry we ight f or the embryo in  newly harvested  nut s  by 

W i lliams , Ros s , and Bradbeer ( 1 973 ) ; 2 . 62 ng/g fre sh c o t t on ovules  by 

Shindy and Smith ( 1 975 ) . 

7 . 5 . 2 . 3 . 2 .  Ident i fi cati on o f  ABA b y  rac emisa t i on with UV 

irradi a t i on 

On prolonged e xposure t o  light the plant hormone ABA i s  iso­

meri z e d  t o  give a 1 : 1 e qui librium mixture c i s , t rans ABA and trans , 

trans ABA ( Mousseron-Cane t ,  Mani , Dalle , and Olive , 1 966 ) .  Lent on , 

Perr y ,  and Saunders ( 1 97 1 ) use d this characterist i c  t o  help c on firm the  

pre sence  of ABA in  the pla nt e xtrac t ;  the  extract was i rradiate d  with  

a Hanovia Model 16  UV  lamp and 50  % of  each i s omer was  obtaine d  after  

4 h our i rradia t i on .  Williams , Hoss , and  Bradbeer ( 1 973 ) showe d that t he 

gas chromat ographi c  behavi our of mixe d i s omer s  of  ABA appeared as two  

peaks wi th r e t e n t i on t ime s of  8 . 7 and  1 2 . 1  minute whi ch agre e d  with  the  

r e sults of  Lenton , Perr y ,  and  Saunders ( 1 971 ) .  They obtained a 52 . 6 % 

o f  the 8 . 7  minute peak and a 4 7 . 4 % o f  t he 1 2 . 1  minute from the me thyla­

t e d  e xtrac t from t e s tas of fre shly harve s ted seeds after  8 hour irra d i ­

a t i on with UV . With the me thylated extrac t  b e fore 8 hour irradia t i on 

w i t h  UV , the y obtained 90 . 8 % of t he large peak c orre sponding t o  the 

c i s , tans i s omer and 9 . 2  % to the trans , trans i somer . The 90 . 8  % of 

the peak at  t he 8 . 7 minute  r e tent i on t ime was ide n t i cal to c i s , trans 

ABA b y  uC-MS . There fore , t he y  proc eeded t o  i denti f y  ABA i n  plant e xt ra c t  

b y  gas chroma t ography b e f o re and after  U V  racemisat i on . 

7 . 5 . 3 .  Gibberellins b y  uLC and GC-MS 

Ikekawa , Sumiki , a nd Takahashi ( 1 96 3 )  first  s e parate d  and 

i d e n t i f i e d  the methyl e s ters of gibbere llins A1 t o  A9 , using 1 . 5 % SE-30 

and 2 %  QF- 1 . The y f ound that the dec omposi t i on GA8 gave a b r oad peak 

and par t ialy de c ompose d ,  although SE-30 was b e t t e r  than QF- 1 . 
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After Cave ll , MacMillan , Pryce , and Sheppard ( 1 96 7 )  e stabli�he d 

a gas c hr oma t ographi c  separat ion  for  1 7  gibbere llins o f  the methyl e sters 

and trime t hyl silyl e ther of the me t hyl esters on both 2 % o f  QF- 1  and 

SE-33 c o lumns , the y i dentifie d the pre se nc e  o f  gibber e llins A 1 , A4 , A5 , 
A6 , AB ' and A 1 3  fr om the crude a c i d i c  extra c t  of immature s e e d  o f  

Phase olu� multifluorus . A new d i me nsion t o  the inv e s ti ga t i on o f  plant 

hormone s was the deve lopme nt of t he powerful t e c hnique of c ombine d gas 

chroma t o graphy-mas s  spe c trome try ( GC-MS ) whi c h  b ot h  s e parat e  and iden­

t i f ie s  well r e solv e d  c ompound i n  one operat i on . For e xample MacMilla n ,  

Pryce , Eglint on , a n d  ��cC ormi c k  ( 1 96 7 )  une quivocally c onfirme d t h e  pre ­

vi ous t entative i de nt i fication o f  gibberellin b y  GC alone ( Cave ll ,  e t  al . ,  

1 967 ; Pryce , e t  al . ,  1 96 7 ) . In  t he i r  c onti nuous inve s t i ga t i ons o f  gibb e ­

rellins by G C-MS , a n e w  g i b b e re lli n , GA1 7 , was ide nt i f i e d  from e xtrac t s  

of young s e e d s  of Phase olus mul t i fluorus ( Pryc e and Mac Mi llan , 1 967 ) 

and als o many gibbere llins tha t  had been  found in o ther spe c ie s  e . g . , 

GA1 9  ( Pr yc e , MacMi l lan , and Mc C ormi c k ,  1 96 7 ) ; gibb e r e llin A
20 C Ma cMi llan 

and Pryce , 1 9b B ) ; UA1 , G� , GAt; , and G� ( Ma cMi llan , 1 96 B ) ; GA
1 , GA

3
, GA

5
, 

GA6 , GA� , GA1 7 , GA1 9 , GA20 , and p ossibly anot her gibberelli n ,  phase ic 

acid and some other c ompounds ( Durle y ,  Mac Mi llan , and Pr yc e , 1 971 ) . 

GA4 was f ound in dark-grown Phase o lus c oc c i neus s e edlings ( Croz ier , 
Bowe n ,  Ma cMi llan , Re i d ,  and Mo s t , 1 971 ) ; and trac e s  o f  GA9 dur ing t he 

s trat i f i c a t i on of apple seeds ( Sinska , Le wak , Gask in ,  and MacMi llan , 

1 973 ) ; and GA1 , GA3 , GA4 , GA7 , GA9 , and uA1 3  from c ot t on ovule s ( Shindy 

and Smit h , 1 975 ) . 

Limitat ions o f  using GC-MS f or plant hormone s is  t hat  c onju­

gate -plant hormones cannot be  direc tly ident ified  and a minimum of 5 ug  

for  der ivat i sation i s  required ( Ma c Mi llan , 1 970 ) . 

A c c ording t o  the re t e nt i on t ime or c ochromatography with known 

gibbe r e llins , several gibberellins were tentatively i de n t i f i e d  after 

solve n t  part it ion or e lution from thin-layer plate ;  e . g . , GA3 i mmature 

seedle s s  apple fruits  ( Hayashi , Nai t o , Bukovac , and Se l l ,  1 96 B ) ;  GA
3 

in immature seeds o f  Pharb i t i s  ,ill ( Tamura , Takahashi , Murofushi , Yokota , 

and Kat o ,  1 96B ) ; GA4 and GA7 i n  i mmature apple s e e d  ( Luckwill ,  Weaver ,  
and Ma cMi llan , 1 96 B ) ; GA1 , GA417 , GA5120 , and GAB i n  germina t ing chille d 

seed o f  Corylus ave llana L .  wi t h  gr owth re tardant treatments  ( Ro s s  and 

Bradb e e r , 1 971 a and b ) ;  poss ible pre sence  of GA1 , GA5 , _GAB and GA9 i n  

the s h o o t s  and GA5 , GA9 , a n d  GA1 3  in t he r o o t s  of Tulipa generiana 

( �ung , De Hert o gh , and S taby , 1 97 1 ) . GA20 in Bryophyllum de igremontianum 

under d i fferent phot operi odic  c o ndi ti ons (Ze evaar t , 1 973 ) . 

Using gas-liquid rad i o c hromatography with  thr e e  stati onary 

phase s 2 %  QF-1 , 2 %  SE-30 and 1 % XE-609  Durley, Rai lt on , . and Pharis 
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( 1 973 ) i dent ified  GA3 formed from GA5 in  s e e dlings o f  dwarf Pi sum sat ivum . 

7 o 5 . 4 .  Cytokinins by GC-MS 

In gas -liquid c hroma t ography of  c yt okinins , Mos t , Williams , 

and Parke r ( 1 96 8 )  c hara c terized  the trime t hyls i lyl der iva t ives  of  pure 

c ompounds of c ytokinins , us ing 3 % SE-52 s t a t i onary phase . Bui-Dang-Ha 

and N i t s c h  ( 1 970 )  i dent i f i e d  zeatin  riboside fr om the r o o t  o f  chic ory 
( C i c horium intybus L . ) by GC-MS . 

Upper , Helge s on , Kemp , and Schmidt  ( 1 970 ) reported the r e t e n­

t i on t imes  of  20 purines  or pur i ne nuc le os i d e s  on 2 % QF- 1  on Gas-Chrom 

Q a nd identi fied 6 - ( 3--methyl-2 -but enylamin o ) - 9-I·D-ri b o furanosylpurine 

from t -RNA hydrolysat e s  and 6 - ( 3-me t hyl-2-bute nylamino ) purine i n  c ulture 

filtra t e s  of Agrob a c terium tume fac i e ns . Bab c ock and Morri s  ( 1 970 ) 

report e d  also a poss ible quant itat ive and qua l i tative measurement of  

c yt okinin  riboside s  from t-RNA hydr olysate s us ing i s othermal chromat ogra­

phy on a DC-1 1 c olumn . Upper , He lge s on ,  and S c hmidt ( 1 970 ) demonstrated 

the feasibility o f  i de nt ificat ion  and measurement o f  cytokinins in  p lant 

extrac t s  by GC-MS . Horgan , Hewe t t , Purse , and Ware ing ( 1 973 b )  i de n t i fi e d 

zeatin  ribosid e  in s yc amore sap b y  GC -MS . 

Most re c e n t ly Shindy and Smith ( 1 975 ) demonstra t e d  t he pre s e n c e  

of  dihydrozeatin , z e a t i n , 2iP , 2iPA , and z e a t i n  ribos ide i n  c ot t on ovule s 
b y  a co mputer c ontr olle d GC-MS . 

7 . 6 . Loss  o f  authen t i c  plant hormones dur i ng extrac t i on pr o c e dure 

7 . 6 . 1 . Loss of IAA 

Indole -3-ac e t i c  a c i d  has been  known t o  be a lab i le compound 

duri ng e xtract ion pro c e dures . The i ndole nuc leus i t se l f  is very easy t o  

de s troy b y  exposure t o  strong mineral a c i ds ( Dannenburg and Liverman , 1 95 7 ) . 

The re i s  a number o f  papers t ha t  deal wit h  t n e  rec overy o r  IAA dur i ng 

extrac t i on procedur e s . Thimann anu Skoog ( 1 940 ) in the early per i od of  

auxin s t udy repor t e d  that  over 1 00 per c e n t  re c overy c ould b e  obtained 

by t hre e t ime s e ther e xtrac t i ons of duckwe e d . One o f  the earli e s t  re c overy  

- te st s  thr ough a whole extrac t i on pro c e dure was reported  b y  Vlit os  and  

Meudt in  1 954 . The l o s s  o f  IAA during the e xtrac t i on pro c e dure vari e d  

with spe c ie s  and s o lvent used . For e ther par t i t ioning from a c i d i f i e d  

water , 6 2-75 % re c overy o f  IAA was obtaine d w i t h  o r  withou t  t omat o  

t i s sue s . In spinach wat e r  extrac ti on gave very poor re c overy,  whereas 

the- e t hanol extra c t i on was very high . 

In  seve ral trials , one o f  the poore s t  re c ove r i e s  for authe n t i c  
IAA a n d  1 4c- IAA was 25-30 % and average 1 4  p e r  cent r e spe c t ive ly , whe n  
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Hamil t on ,  Bandurski , anu Gri gsby ( 1 96 1 ) t e s t e d  the re c overy o f  IAA i n  

the  f o llowing procedure : 80-95 % e t hanol e xtra c t i o n ,  c on c e ntra t i on o f  

e than o l  extrac t ,  e ther extrac t i on ,  c e lite par t i t i on c olumn , a n d  pape r  

c hromat ography in e t i olate d  c orn shoots .  However 7 7  % r e c overy from t he 

only c e lite co lumn t e s t  has been shown ( Ha mi l t o n ,  e t  a l . , 1 96 1 ) .  Burne t t , 

Audu s , and Zinsme ister  ( 1 96 5 ) found that a hi gh recovery o f  85-97  % was 

obtained by ether extra c t i on of t he acidic aque ous phase and further 

pur i f i ca t i on was made b y  DEAE c e llulose e lu t e d  wi th 0 . 05 M Na2So4 wi thout 

using 5 % NaHCO_ . The method inv olving extrac t i on of 5 % s odium b icarbo-
) 

nat e , appeared t o  give only 50 per c ent rec overy of  IAA , indole -3-carb o-

xyli c ,  indolebutyric , indoleprop i onic , and indole lac t i c  ac i d  as  deter­

mine d by spec trophot o f luorome try.  The conventi onal me t hod o f  Larson ( 1 955 ) 

wi t h  an e t her extrac t -par t i t ione d wi th 5 %  s od ium bi carb onate and the 

a c i d i fied  aque ous s o lu t i o n ,  th en extracted  with e ther gave 60-85 % re c o-
1 4  very IAA-2- C added t o  0-200 �g o f  authen t i c  IAA i n  350 mg o f  lyophi -

l i z e d  cucumber leaves  ( Galu n ,  Izhar , and At smon , 1 965 ) .  Although there 

were no indicate d  data of t he perce ntage loss  of  authen t i c  IAA i n  t he 

pape r , a d e termina t i on of  IAA was ob taine d b y  c o c hroma t ography with the 

aid of authentic IAA addi t i on ( Ta furi , 1 966 ; Dullaart , 1 96 7 ) .  

Ueda and Bandurski ( 1 96 9 )  also  examine d the l o s s  of IAA b y  

d e s t ruc t ion o r  absorpt i on wi th 1 5  gram o f  ground c orn kerne ls , f ort i fi e d  

wi t h  400 u g  authent i c  IAA . The rec overy o f  IAA obtained was 65-79 % 

from the 80 % acetone extra c t i on procedur e ,  c onc entrat i on o f  ac e t one , 

and reextrac t i on with wat e r .  

I n  a pre liminary test , Mann and Jaworski ( 1 9 70 )  inve s t i ga t e d  

t he e xtrac tion pr ocedure s described by Ke f f ord ( 1 955 ) . They inve s t i ga t e d  

e a c h  s t e p  of  the extra c t i o n  proce dures wi t h  plant mat e r ia l  and 1 4c- IAA . 

Le s s  than 1 0  % loss o f  IAA occurred in the e t her extra c t i on of  the a c i d  

a que ous extract with o r  w i th out t is sue . Further purificat i on wi t h  s odium 

b i c arbonate from e ther s olut ion gave a 70-85 % recovery . A c onsiste n t  

de c re ase o f  IAA oc curr e d  with a subseque n t  purificat i on , giving ab out 

5 8-63  % rec overy . A dras t i c  de c rease was ob s e rve d ,  whe n  IAA in e ther was 

re duc ed during thin film e vaporat i on of e t he r . They r e c ommended t o  n o t  

d r y  t he e ther c omple tely.  The fi na l  r e c overy of  IAA was 1 0-34 % .  

Goldschmidt , Monselise , and Goren ( 1 97 1 ) ob ta�ned  about 96 % 

and 88 % of  IAA-z-1 4c wi t h  and wi t hout plant t i s sue �espe c t ively.  Thei r  

e xt r ac t i on pro c e dure was methanol extrac t i on ,  c oncentra t i on of  Me OH 
extrac t ,  extra c t i on with d i -isopropyl e t he r  a t  pH 7 . 5 ,  e xt rac t i on w i t h  

di e t hyl e ther at  p H  6 . 0  and reextrac t i on wi t h  ether at  pH 3 . 0 .  
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Knegt and Bruinsma ( 1 973 ) c orre c t e d  t he loss o f  IAA during 

the pur i f i c a t i on after c rude me thanol extra c t , assuming the 50 % t o leranc e 

i n  the loss . The y obtained 92 % o f  t he IAA a c c umulation i n  the e ther 

phase and 96 % after care ful rewashing of fra c t i ons . 

Glenn , Kuo , Durle y ,  and Pharis ( 1 972 ) obtaine d 93 % re c overy 

o f  IAA from PVP c olumn using pH 8 . 0  buffer . 

7 . 6 . 2 .  Loss o f  other plant hormones 

Quanti tat ive analysi s  o f  plant hormone s has ge nerally been  

s tudied b y  c omparative  me t hods using the same extrac t i on pr o c e dure s  

and the r 8 f ore values i n  the litera ture are n o t  's olute value s c orre c t e d  

neither f or d i f fere n c e s  i n  perc e ntage rec overy nor f o r  i n  sensi t ivity 

of  the b i oassays use d .  However a number o f  paper s  have reporte d that 

the e s t i ma t i on of plan t hormone s was c orre c t e d  for by d e t ermining the 
loss of  added authe n t i c  plant hormone s dur ing the extra c t i on procedure s , 

as reviewed i n  the previ ous s e c t ion  f or IAA . 
The loss o f  ABA during the extrac t i on pro c e dure was determined 

by the rac e ma t e  dilu t i on method , analogous to  the i s o t ope dilu t i on 

method _ ( Milborrow , 1 96 7 ) .  Milborfow obtained an average o f  6 8  % re c overy 

of  ABA in the e ther s olve nt par t i t i oning and 98 % re c overy i n  silica 

gel TLC . Lenton et  al.  ( 1 971 ) used  t he 2 trans isomer ABA since  plant 

materials do not  c ontain this i s omer i . e .  in GLC S impson  and Saunders 

( 1 972 ) u s e d  the is omer as an internal standar d .  45- 70 % re c overy of 

ABA in the various t i s sues by t h i s  me thod was obtained  by Lent on , Perry,  

and Saunders ( 1 971 ) ,  56 % by S imps on and Saunder ( 1 972 ) and  75 % during 

pur i fi c a t i on from d ormant b irch buds by Harri s on and Saunders ( 1 975 ) .  
1 4  1 4  . 34 % r e c overy of 2 - C -ABA , 1 8  % re c overy o f  2- C -pha s e l c  ac i d ,  and 

1 0 % r e c overy of 2 - 1 4c-4 ' -dihydrophase i c  acid  were obtaine d duri ng 

extrac t i on procedures by Walton , Dorn , and Fey ( 1 973 ) , and 60 % rec overy 

of xanthoxin through the full extra c t i on pro c e dure by Firn , Burde n ,  

and Taylor ( 1 972 ) .  

I n  gibbere llin re c overy t e s t s , 90 % of GA3 during s olvent 

par t i t i on i ng at pH 2 . 5  was obtaine d by Tautvydas ( 1 96 5 ) ,  90-97 % 
r e c overy from a PVP column for GA1 , GA3 , GA4 , GA5 , GA7 , GA8 , GA9 , an d  

GA 1 3  was obt a ined b y  Glenn , Kuo , Durley ,  and Phari s  ( 1 972 ) and a 9 0  % 

recovery o f  GA3 from a silica  ge l c olumn using gra d i e n t  � lut i on b y  

Pow,ell and Tautvydas ( 1 96 7 ) . 

I n  a cytokinin r e c overy t e s t , Skene ( 1 972 ) ob tained n o  loss 

o f  10  �g o f  adde d zeatin dur i ng the extra c t i on pro c e dure . 
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CHAPTER 8 

Materia l s  and Me thods 

8 . 1 .  Loss o f  1 4
c-IAA dur ing extrac t i on and pur i f i cat ion pro c e dures 

8 . 1 . 1 .  The plant mate rials 

The leav e s  taken fr om only the c lusters and the shc o t s  

choppe d by hand secateur were put int o dry i c e  and then lyophil i ze d .  

The lyophiliz e d  sample was s t ored i n  a pre serving jar i n  a de e p  

freeze · unt i l  the plant mat erial was extracte d .  

Init ially 30 . 9  mg of  1 4
c - IAA c ontained 0 . 5  mC i of  rad i o­

a c t ivi t y ,  howe ve r , due t o  the impuri t y  o f  the 1 4
c - IAA i t  was first  

pur i f i e d  by c e llulose thin layer c hromat ography with  me thyl a c e ta t e : 

a c e t oni trile : 2 8 % ammonia : water ( 40 : 1 0  : 5 : 4 by  v )  s olvent 
, J , 4 system ( The s olvent system-MAAW) ( Ohwaki , 1 966 ) .  The band o f  

1 
C - IAA whi c h  

c oinc ided w i t h  t he Rf o f  c old IAA unde r UV light was s c raped o f f  and 
e luted  with EtOH u sing a sintered-glas s  funne l ( 1 0  x 1 . 5 c m ) . If the 

· f ·  d 1 4
c purl le - IAA was st ore d for longer t han 3 month s ,  the hormone was 

r epuri f ie d .  
1 4 

In experiment 1 ,  41 1 , 51 7  dpm r epre sent ing 1 1 . 2 5  ug o f  C -IAA 

in 2ml of Me OH was adde d t o  the Me OH solvent in whi c h  30 g o f  apple 

s te m  t i ssue was then ma c e rated . In Exp . I I ,  1 4
c- IAA i n  Et OH ( 49 9 , 335 dpm ; 

1 3 . 65 �g) was adde d t o  Me OH s olvent i n  1 0  g of �pple stem  t i s sue 

b e f ore mac erat ing the sample with a M . S . E .  homogenizer ( Measur ing 

Sc ient i f i c  Equipment Lt d ) . The solvents were re d i s t i lled  b e f or e  use o 

8 . 1 . 2 .  S olvent par t i t i on c hroma t ography 

The extrac t i on pro c e dure s were followed as shown i n  Table 

7-A and B .  The sample wer e  macera t e d  wi th 1 00 ml of c old 80 % Me OH 

c ontaining O o 02 % s odium die thyldi thiocarbamate f or 5 minu t e s  i n  

a M . S . E .  Homogenizer b e l ow 0 °C .  The mac erated sample , was extrac t e d  

wi th 80 % Me OH c ontaining 0 . 02 % s odium die thyldithiocarbama t e  for 

1 2  hours a t  1 -2 °C .  The extra c t e d  s olut i on was f i l tered  with �1i llipor e ­

filter  whi c h  was store d i n  a de e p  fre e zer be fore use d .  The r e s i dues  

were extra c t e d  again for 1 2 h ours at  1 -2°C .  After  filtering the 

extrac t ,  the res idue s we re rins e d  w i th fresh c old 80 % o f  Me OH 

several t i me s .  The pooled  80 % MeOH extrac t  was evaporated  in vac u o  • 
0 1 1  ' 

at 35 C w i t h  a Buchi . rotary evapora t or . The evaporat e d  s olvent s  

were trappe d by a dry i c e  c old trap . The aque ous phase was s t ore d 

at  1 -2 °C over n ight t o  prec ipitate phl oridzin ( Tautvydas 1 965 ) .  
The aque ous phase then was c entri fuge d at 0°C with  1 0 , 000 rpm i n  

3 0  minute s .  The supernatant was de canted and t he r e s i dues were r inse d 
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with c old water . The r e s i due s were di s carded . The c ombined aque ous 

phase then was extra c t e d  wi th petroleum e ther ( 40-60° ) unt i l  c olorless 

( Phillips and War e ing , 1 958b ; Alden and Elias s on , 1 970 ) . The aque ous 
s olu t i on adjus t e d  to pH 2 . 5  by 50 % HCl or f irst ad justed  to pH 8 . 0  
wi th diluted KOH and extrac t e d  wi th 1 /3 volume of e thyl a c e tate  
( e i gh t  t ime s ; Crozier , Aoki , and Phar i s , 1 96 9 ) . .  Thi s  aque ous 

phase was used f or c yt okinins determina t i o n . The poole d e t hyl acetate  

was e xt racted wi th 1 /3 - 1 /4 v of  5 %  sodi um bicarbonate  (5  x ) . The 

c omb ined  sodium b i carb onate  soluti on whi c h  was ad jus t e d  to pH 2 . 5  

wi th 50 % HCl was extracted with 1 /3 v e t hyl acetate ( 8  x ) . The 

e t hyl a c e tate frac. t i on was e vaporated unde r  re duc e d  pressure at 35 °c 

wi t h  a rotary evaporat o r .  The res idue i n  t he r ound flask was lyophil­

ized  by a Fre eze -drying Uni t Mode l 10 p ( Edwards High Vacuum Ltd ) .  

the r e si due was then redi s s olved in a small quant i t y  o f  0 . 1  M phos ­

pha t e  buffer and loaded o n  a Sephadex G - 1 0 c olumn . 

8 . 1 . 3 .  C olumn c hr omatography 
8 . 1 . 3 . 1 .  Sephadex gel c hr oma tography 

Sephadex G- 1 0  ( 85 g )  was allowe d t o  stand wi th 0 . 1  M 

phosphate f rir 30 minut e s  in a hot wat e r  bath to  de-gas and swe l l . 

The s lurry was pour e d  into  the column ( 3 . 5  x 40 c m )  and was packed  

wi th a s tainless steel  rod with  a per f ora t e d  disc . The  column was 

elute d  with 1 , 000 ml of 0 . 1  M phosphate  buffer and further with  

500 ml . The flow rat e  of the  eluant was 25 ml per 1 0  minut e s . 

8 . 1 . 3 . 2 .  Adsorpt i on c o lumn chroma t ogra.phy 

S ilica gel ( 80-200 mesh , May & Baker C o . Lt d )  and C e l i t e  535 

or 545 were washed with  � N HCl separately . After 24 hours , the s lurry 

of each c ompound was pour e d  into a large c olumn ( 3 . 5  x 1 00 c m )  and 
elute d  with distille d water  and MeOH . The Compounds were washe d until 

the e f fluen t  was free o f  ac id . The si lica gel and c e lite  we re then 

drie d  in  a vacuum oven ( Parkinson Cowan ( N . Z )  Ltd )  a t  1 00°C for  24 

hour s . The mixture of 10 g o f  silica gel and 10 g o f  c elite was 

packe d by the method o f Khalifah , Lewi s , and Coggins ( 1 965 ) .  The 

mixture in chloroform was gradually pour e d  in the c o lumn (2 x 20 c m ;  

Qui c kf i t  CR 32/20 ) ,  while a s tainless s t e e l  packing rod  ( t ermina t ing 

in a perforated disc matching the c olumn diameter ) was mov e d  up and 

down . The samples i n  1 00 - 1 , 000/Ul aliqu o t s  were adde d to 2 g of 

silica  ge l in a we i ghing b oa t  and dri e d  ove rnight i n  a vacuum oven 

at r o om temperature . The silica  gel wi th the  samples were loaded 

on the t op of the s ilica ge l-c elite  c olumn . The s olven t  system was 
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a gradient  o f  200 ml o f  chloro form a� 330 ml of e thyl a c e tate  

( e qual we i ght s ) , followed by 200 ml of Me OH . Two 1 , 500 ml c ylinders 
( A  and B )  were c onne c t e d  t oge ther at  the b o t t om with an i nterflow 

P . T . F . E . s t opcoc k .  The bottom of c ylinder A rested  upon a magne t i c  

s t irer  and was c onne c ted thr ough a ground- glass j oint t o  t he t op o f  

the s i l i ca g e l  c o lumn . A s  s o on a s  e thyl a c e tate s olvent i n  t he B 

c ylinder flask got through the int erf�ow P . T . F .E .  s t o p c ock  t o  the 

A c ylinder f lask , the mixture of two s olvents we nt i n t o  the c olumn . 

Whe n  the mixture o f  two solve nts  was about 1 30 ml ( i . e . , ab out 50 ml 

in B ) , 200 ml of Me OH was adde d t o  the B c ylinder flask . MeOH-e thyl 

ac e tate  gradient s tarte d as s o on as the s t opc ock opene d .  1 0  ml 

fra c t i ons were c olle c te d  dire c t ly into s c intillat i on vials by an 

aut oma t i c  frac tion c olle c t or . The flow rat e  was 20 ml  per 10 minute s .  

The grad i e nt e lut i on pat tern was c alculated  by dens i t y  o f  e thyl ·a c e tate 

in c hloroform and methahol in e t hyl acetate for each 1 0  ml fra c t i on 

leaving t he B cylinder t o  A c ylinder ( Se e  Fi g . 1 3 ) .  

8 . 1 . 4 .  Cellulose  thin laye r c hromatography 

C e l lulos e  powder was washed with 6 N HCl followed b y  

d i s t illed water  a n d  then dri e d . 0 . 3  mm thi c k  cellulose  t h i n  layer 

pla t e s  ( 20 x 20 c m ) was made wi t h  a Stahl t ype apl i c a t or ( Upj ohn 

Co . ) .  The plates  were le ft ove rnigh t  in air for drying.  The ac t ivity 
1 4  ' 

of  C - IAA as  1 4 , 909 dpm ( 0 . 2038 �g ) in 50 �1 of MeOH was applied 

as 3 c m  x 3 bands for each pla t e  and was deve loped wi t h  MAAW up t o  

the 1 0  c m  line o n  the plate . The plates wer e  equilibra t e d  for 30 

minute s  i n  the saturated solvent  tank b e f ore th2 deve l opment . Eac h  

R f  was s c rape d o f f  into a vial and then e lu t e d  in the vials b y  1 ml 

of  Me OH at 1 . 0 to 2 . 0°C in the re frigera t or overnigh t . A s c intillant 

was added and c ount e d  by a sc int i llation spe c trome ter  ( Se e  8 . 1 . 5 . ) .  

Eac h  per c entage rec overy was derived from two  or three  

replica t i ons . 

8 . 1 . 5 .  Det e rmina t i on of  rad i oa c t ivity 
14 

Esti mation  of  r e c overy for C -IAA for each s t e p  of the 

extra c t i on and pur i f i cation pro c e dure was made in dupli ca t e . 

Radi o- a c t ivity was de termine d ,  using a Mode l 3320 aut oma t i c  Tri-

Carb Liquid S c intillation Spe c trome ter ( Packard Ins t .  C omp . Inc ) ,  

in t erms o f  d i sint e gra t i on of  1 4c- IAA per minute ( dpm ) , c orre c t e d  

for c ount ing e ff i c i ency ( Regre s s i o n  c oe f f i c i e nt , y = 1 - 4 1 8 . 6  x 

+ 1 4 9 . 47 ) . The s c i n tilla t ion c ocktails used were 800 ml d i oxane ; 

1 60 ml e thylenglyc o lmonoe thyl e ther ; 48 g naphtha lene , 9 . 6  g 2 , 5-
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diphynyloraz olyl 1 -b e nzene ( POPOP ) ( Ve e n  1 966 ; Ve en and Jac ob s , 1 96 9 )  

for alkaline aque ous s olut i ons and POPOP-PPO- t oluene t r i t on x- 1 00 

( 1  I t oluene , 4g PPO , 1 00 mg POPOF , 500 ml Tri t on x-1 00 ; Patt er s on 

and Greene , 1 96 5 )  for organic solve nts .  The amount of  s c int illant 

per vial was 1 0-20 ml . The background was always subtrac t e d .  

8 . 2 .  Behavi our o f  3H-zeatin i n  chr omat ography 

8 . 2 . 1 .  S olven t par t i t i on chroma t ography 

8 . 2 . 1 . 1 . Pre parat i on and det ermination of 3H-zea t i n  

The spe c i f i c  a c t i v i t y  o f  3H-zeatin for 0 . 1 8  mg ( Donate d  

b y  Le t ham , 1 972 ) was 1 mCi/mg.  In  order t o  purify 3H-zeat i n , an 

aliquot  in EtOH was spotted on a c e llulose thin layer pla t e  and 

developed by the solvent sys tem· MAAW . The band of  3H-zea t i n  at  the 

same Rf as c old zeatin  was scraped off and was eluted with  Me OH 

and thereafter the puri f ied 3H-zea t in was use d .  3H-zea t i n  was often  

repuri fied be fore use . 
3H-zea t in ( 46 , 66 9 . 7 dpm , 0 . 01 969 JUg ) in absolu t e  EtOH was 

put in a 25 ml c ornic flask. After drying i n  a vacuum oven at  room 

t emperature , the res i due of 3H-zeat i n  was d issolve d i n  30 ml aque ous 

s olut i on at  e i the r  pH 2 . 5  wi th 0 . 5 M formic ac id or pH 8 . 3  with  

0 . 1  M phosphate  buffer . The pH  2 . 5 s olut i on was parti t i on e d  with 

1 /3 volume of  e t hyl a c e tate e i ther saturated or non-saturat e d  with 

Oo5 M f ormic acid while  the pH 8 . 3 solut i on was part i t i oned  against 

n-butanol saturat e d  with 0 . 1  M phosphat e  buffer . 

Each frac t i on of  the par t i t ions was put dire c tly into  

sc int illa t i on vials  and the solve nt s were removed in a vacuum oven 

at 35-40°C .  After  drying the solve nt s ,  2 ml o f  MeOH was added to 

each s c intillat i on vial and several series o f  aliquots wer e  c ount e d . 

After t he 8th par t i t i on , the aque ous phase a t  pH 2 . 5  was a d j us t e d  
t o  pH 8 . 3 w i t h  1 . 0 M phosphate  t o  make finally a 0 . 5  M phosphate  

buffer adjusted  wi th KOH . The aque ous phase was then  par t i t i oned  

with  BuOH sa turated  with  0. 1  M phosphate buffer . The a que ous 

phase at  pH 8 . 3  whi ch was par t i t i oned by e t hyl a c e tate up t o  the 

8th fra c tion  was extrac t e d  wi th the satura t e d  BuOH in order t o  

de termine t o tal r e c overy o f  3H- zeatin . When the satura t e d  BuOH 

was used for the par t i t i on of the aqueous phase at  pH � . 3 , t he 

final resi due of  3H-zeatin i n  the aque ous phase was e s t i ma t e d  b y  

par t i t i oning with saturated BuOH . 

Each experiment was repl i cated  thr e e  t imes . 
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The par t i t i on c oe ff i c ient was calcula t e d  by 

Kd = 1 00 p 

p 

where p i s  the perc e n tage of  re c overy b y  t he first  par t i t i on from 

the aque ous phase and Kd is the par t i t i on c oeffi c i ent . 

Est ima t i on of  rad i oa c tivi ty f or the r e c overy o f  3H-z e a t i n  

fro m  extrac tion pr o c e dure s  was e ssent ially the same as  that f or 
1 4c - IAA . Disinte gra t i on per minute t o  3H-zeatin was obtaine d b y  

using the c orre c t i on y = - 76 . 73678 X +  6 1 . 7564 .  

8 . 2 . 1 . 2 .  Back washing from e thyl a c etate  phase 

30 ml o f  the aque ous s oluti on at  pH 2 . 5  whi c h  had 4 7 , 755 . 8  

dpm was parti t i one d 8 t ime s with 1 /3 e t hyl acetate . The pooled  e thyl 

ace tate phases were back wa shed five times with 1 0  ml of aque ous 

phas e  at  pH 2 . 5 .  Eac h  1 0  ml o f  back washed aque ous solut i on was 

c olle c ted sepera t e ly in sc intillation  vials and dried in  a vacuum 

ove n at 35-40°C .  The residue was diss olve d wi th 1 . 0 ml of abs o lute  

Me OH and aliquots counted f or radi oa c t i v i t y .  

The aque ous phase whi c h  was par t i t i oned with e thyl a c e tate 

was adjusted with 1 . 0 M phosphate  buffer s olu t i on t o  be  pH 8 . 3  and 

0 . 5  M phosphate buffer and was part i ti oned wi th 1 /3 v of  BuOH (4 X ) . 

The pooled BuOH extra c ts were evaporat e d  b y  a ro tary evaporat o r .  

The aque ous phase was parti t i one d once  more with BuOH and t he BuOH 

extrac t  was c ounte d  f or the remaining radi oac t ivity  i n  the aque ous 

pha s e . 

8 . 2 . 1 . 3 .  Bac k  washi ng from BuOH phase 

30 ml o f  the aque ous phase with 4 7 , 775 . 8 dpm ( 0 . 020 1 39 ug ) 

at pH 8 . 3  was par t i t i oned four t i mes with 1 /3 v o f  BuOH saturat e d 
wi th O o 1  M phosphate  buffe r .  The BuOH phas e  was back washe d 3 t ime s 

with 1 0  ml of 0 . 1 M phosphate  buffer . Eac h  1 0  ml was c olle c te d  

into s c intillati on vials and dr i e d  i n  a vacuum ove n .  The BuOH phase 

was dri e d  with a r otary evapora t or and the re sidue was diss olved 

with 2 ml o f  MeOH and the aliqu o t s  were c ounted . The a que ous phase 

afte r  par t i t ioning 4 X with sa turated BuOH was once  more part i t i oned 

and c ounte d  to  d e termine residual a c t ivity . 

8 . 2 . 2 .  3H-zeatin  i n  c olumn chromatography 

8 . 2 . 2 . 1 .  Sephadex G - 1 0  



S e phadex G- 1 0  c olumn was used as ment i on e d  i n  c olumn 
1 4  chroma t o graphy o f  C -IAA ( S ee 8 . 1 . 3 . 1 . ) .  The gla s s  wool c ontaining 

686 , 336 . 5  dpm ( 0 . 2 8942 8 �g ) of 3H-zeatin was loade d on the t op of 

Sephadex G - 1 0  and each 1 00 ml fra c tion was e lute d  with 0 . 1  M 

phosphat e  buffer up t o  the 1 6 t h  frac t i on .  A 0 . 5- 1 . 0  ml aliquot taken 

from e a c h  1 00 ml frac t i on was c ounte d  with di oxane s c intillant and 

dpm e s t imat ed . The pooled fra c t i ons from the 1 st to the 1 0t h ,  1 1 th-

1 6th , and 1 7th -21 s t  were extrac t e d  with BuOH saturat e d  with 0 . 1 · M 

phosphat e  buffer ( 4  X ) .  The r e s i due was diss olved in  2 ml Me OH and 

the aliquots  wer e  c ounte d .  The e xperime nts were repeate d  two t ime s .  

8 . 2 . 2 . 2 .  Sephadex LH-20 

Sephadex LH-20 c olumn m e thods e s sentially followe d those  

o f  S t e e n  and Eliasson ( 1 96 9 ) . A S e phadex LH-20 c o lumn ( 2 . 5  x 3 0  c m  

40 g o f  ge l )  was packe d  with t h e  swollen gel by t h e  usual me thod.  
3H-z e a t i n  ( 337 , 3 86 dpm , 0 . 1 42276 �g ) in  500 )Ul e thanol was loade d 

on t o  t he t op whi c h  was c over e d  w i th a filt e r  paper dis c . C old 

c yt okinins such a s  z eat in , z e a t in rib o s i de , dihydr ozeat in , and 

6 - ( ( , � , - d ime thylallylamino ) purine  ( 300 )Ug in 300 JUl EtOH ) were loade d 

on the t op bf  c o lumn re spe c t ive ly . The s olvent was 95 % EtOH with 

0 . 001  M HCl .  A 5 ml frac tion was c olle c t e d  into the s c intillat i on 

vials w i t h  a flow rate of  30 ml/h . Each . frac t i on was de t e c t e d  b y  

tran smi s si on at 2 80 nm with a 1 0 1 Mode l  Hitachi spe c t r ophot ome t e r  

for c old c yt okinins . 3H-zeatin  was evaporat e d  to drynes s  in  a vacuum 

oven and the re s i due was diss olve d with 1 ml absolute  MeOH. Each 

aliquot was c oun t e d  to  determine i ts radi oac t iv i t y .  

Each experiment had o n e  o r  t w o  replicat i ons . 

8 . 2 . 2 . 3 .  Dowex 50 W x 8 

The me thod using a Dowex 50 W x 8 c olumn ( 3 . 0  x 50 c m )  was 

essent ially the same as Miller  ( 1 965 ) .  Dowex 50 W x 8 r e s in was washe d 

by c yc l i ng b e fore packing the c olumn . 

The glas s  wool c ontaining 6 86 , 336 . 5  ( 0 . 2 8942 8JU g )  o f  3H­

zeatin was l oaded on the top of D owex 50 W x 8 .  The loaded samples 

were r i ns e d  with 300 ml of  dis t ill e d  wat e r  and lab e lle d zeatin e lute d  

with 6 N ammonia s oluti on .  A 1 00 ml  frac t i on was c olle c t e d  i n  a 1 00 ml 
-

c onical flask . The aliquots o f  0 . 5  and 1 ml from 1 00 ml were c ounte d  

with d i oxane flui d b y  a scintilla t i on c ount e r . The means o f  the 

sample s were use d to  e s t imate  t otal a c t ivity in the 1 00 ml fra c t i on .  

The experime nt was dupli cated . 



8 . 2 . 2 .4 .  Behavi our o f  3H- z eat in i n  paper and thin layer 

chromat ography 
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50 JU1 o f  e thyl alc ohol with 5 1 , 773 . 1  dpm ( 0 . 02 1 833 }lg ) of  
3H- zeatin  was appli e d  on a 2 . 5  cm  z one of  Whatman 3 MM ,  DEAE 
c e llulose , and silica  gel GF 254 ( S . G .  GF 254 ) . Paper she e t s  were 

washe d by allowing N formic a c i d  to flow down them for several days 

Le t ham , 1 966 a ) . The thickne ss  o f  the DEAE ce llulose was 0 . 3  mm . 

5 pla t e s  usually were made with 8 g powder MN DEAE + 2 g c e llulose 

powder MN 300 and dr ied at  50°C for 40 minute s  ( S t ahl , 1 96 9 ) .  The 

thi ckne ss  of c e llulose and S i li ca ge l GF 254 was 0 . 3  mm . Thr e e  

repl i c a t e s  were spotted  on t h e  same paper o r  thin layer plate s .  Thin 

laye r pla t e s  were developed up to a 10 cm line marke d be fore developmen t  

and t h e  paper chroma t ography t o  20 c m .  

The s olvent systems were : ( 1 )  Is opr opanol : Ammonium Soln . 

( Sp . g .  0 . 880 ) : H20 ( 1 0 : 1 : 1 v/v/v ) f or Whatmann paper 3 MM , 

( 2 )  Me thyl ace tate  : Ace t on i t r i le : Ammonium : Water  ( 40 : 1 0  : 5 : 4 

v/v/v/v ) ( solvent system MAAW ) f or DEAE-ce llul ose and c e llulose ,  and 

( 3 )  Butanol satura t e d  with wat e r  for Silica ge l GF 254 . Eac h  Rf o f  

the t h i n  layer chr omat ograms was scrape d o f f  by a razor blade dire c tly 

into s c i n t i llat i on vials c ontaining 1 ml  Me OH and were  shaken 

ove rnight ( Griffin  Flask Shakers ) . The paper was cut into Rfs  and 

elut e d  by t he same me thods . 

8 . 3 .  B i oas say t e chnique s for IAA , ABA and GA 

B . 3 . 1 .  The c omb i nat ion of 5 mm oat and 1 0  mm whea t  c ole opt i le 

s e c t i ons for IAA and ABA 

Because o f  different s e nsi t ivity o f  oat and wheat  c oleoptile 

sec t i ons to IAA and ABA , t he c omb ina t i on o f  oat and wheat c ol e optile 

bioa s say was teste d .  

The wheat var i e ty Aotea and the hulle ss oat varie t y  Br ighton 

were u se d .  The pr o c e dures used to grow oat and wheat  seedli ngs were 

essent ially the same as  S i r o i s , ( 1 966 ) .  The uni form seeds  s e le c t e d  

were s t e rilized  f o r  5 minute s  b y  2 % o f  s odium hyp ochlor i t e  s olut i on 

and rinsed  by running tap water  f or 2 hours . The s e e ds sprea d  o n  

the f i l t e r  paper i n  t h e  plast i c  t rays ( 30 x 43 x 6 . 5 c m )  were i nc lined 

about 45° and d i s t i lled  water remained in the inclined b o t t om e dge 

of pla s t i c  trays c overed by a glass she e t . The trays were exposed  for 

24 hours to a red  li ght ( Fluore scent tub e s  were wrappe d  b y  the thin 

red c e llophane pape r  ; Nitsch and Nit sch , 1 956 ) .  Thereafter the trays 

were transfered into  t he dark room  at 25°C for  a further 48 hour s .  

Be fore transfering the trays i n t o  the dark room,  pumi c e  was spread 
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F i g . 1 4-A . Cut t e r  of c ole opt i le s e c t i ons . 

1 4-B . Turn- tab l e  f or c ole op t i le b i oa s says . 
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o n  only the oat se e ds to  preve nt an upward gr owth o f  root s .  A c ol e op t i le 

length o f  ab out 20 - 30 mm was use d .  In order t o  get a s imilar s i z e  

o f  seedlings for b ot h  o a t  and whea t  c olept i le s e c t i ons , the o a t  s e e ds 

were s own 1 2  hours b e f or e  sowing the wheat s e e ds . 5 mm length o f  oat 

c ole opt i les  and 1 0  mm of wheat c ol e opti les we re cut 3 mm behind the 

t ips by t he cole op t i l e  cutter ( Crowe , 1 963 ) , slightly modi f i e d  a s  

follows : ( 1 ) T o  s e t  t h e  shield  t o  cut 3 m m  o f  t i p s  instead o f  the 

s criber line on the plexiglass ,  ( 2 )  At tache d the rubber pie c e  on t he 

plexi gla s s  for the razor blade to  be  i nsert e d  into the rubber whe n  

t he c o leopt ile we re c u t , ( 3 )  a 5 m m  supplemental me tal p i e c e  i n t o  the 

blade holder when r e quired to be  c ut 1 0  mm l ength se c t i ons , ( 4 )  Used 

b oth ' Vale t ' and G i lle t e ' t ype s of  blade ( Se e  Fig.  1 4-A ) .  

The cut s e c t i ons were floate d on d i s t illed water b e f or e  use . 

All pro c e dures to  c u t  c oleop t i le s  were done under a gre en safe light 

( Ni t s c h  and Nitsc h ,  1 956 ) .  3 s e c t i ons of  oat and 5 s e c t i ons of wheat 

c ole opt i le s  were put i nto  t he t e s t  tube ( 1 50 x 2 . 0  mm ) in  1 ml of 

phosphate  c i trate buffer  at pH 5 . 0  ( 1 . 794 gm K2HP04 , 1 . 01 9 gm c i tric  

a c i d  t o  1 l i tre , 20  gm  of sucrose , Nitsch and  Ni t sc h , 1 956 ) .  Tub e s  

were rotated a t  1 rpm for 2 0  hrs by a ver t i cal turn table ( S e e  F i g . 1 4-B ) .  

The c ole opt ile se c t i ons  were fixe d  by one ml of 1 0  % of  alcohol 

( Hopping , 1 96 8 )  a ft e r  growing for 20  hour s .  The length of  c ole optiles  

were measure d by a Mi tutoyo dial caliper under a 4 x magn i f i c a t i o n  with 

a pho t ographic e nlarge r .  

A stat i s t i c a l  analys i s  was made o f  the 2 x 5 fac t orial  with 4 
replicates ( Fe derer , 1 955 ) . In orde r t o  c ompare data the least  

sign i ficant differ e n c e  ( LSD ) at  the 5 % level  was use d .  The  same data 

� also  ana ze d s eparately as  a randomize d c omplete block de s i gn t o  

c ompare LSD at the 5 % leve l .  

8 . 3 . 2 .  Tan-gi nb ozu dwarf rice s e e dlings and l e ttuce hypo c o tyl 

bi oassay for gibberellins 

8 . 3 . 2 . 1 .  Dwarf r i c e  b i oassay with glas s  tub e s  

The b i oassay me thods were e ssentially simi lar t o  that o f  

Mart i n  ( 1 971 ) .  Howeve r , s everal c ondi t i ons of  the b i oassay were 

slight ly modi fie d .  

The me thod of  applying seeds i n  the gla s s  tubes i s  that the 

embryo side o f  s e e ds were pla c e d  at  the b o ttom o f  pyrex tub e s  ( 6  mm 

internal diame ter  a t  the t op and 2 mm internal diameter a t  the 

constr i c ted zone and total length 90 mm o f  glass  tube ) .  The glas s  tube s  

with seeds  were inserted  into t he holes o f  plexi glass pla t e s  ( 800 hole s )  

on a plastic  tray l i ned with Whatman 3 MM pape r  i n  a thin layer o f  
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water . The pla s t i c  tray was pla c e d  ab ove the water sur fa c e  i n  aluminium 

trays ( 5  x 66  x 80 c m )  under a polye thylene frame box ( 38 x 83 x 95 c m ) . 

Polye thylene frame b ox was not seale d c omple tely in  order t o  keep the 

temperature of wat e r  at  about 32°C .  The light intensity was 750 fc 

w ith a HLRG lamp ( High-pre ssure me rcury lamp , Phi llips ) .  A f t e r  about 

6 4  hours , 3 s e e dl ings ab ou t  3-5 mm c oleoptile length ,  1 -2 mm length 

of pr imary roo t , were transferred into a vial containing 2 ml of 

distille d water and a disc of filter pape r . The GA3 c oncentra t i ons 

t e s t e d  were 0 . 0 ,  0 . 001 , 0 . 005 , 0 . 05 ,  0 . 5 �g per ml . The glas s  tub e s  

w i t h  s e e dlings in  a vial were wrappe d nearly c omple tely w i t h  Glad-wrap 

( clear plasti c ) .  The vials were le f t  in the a luminium tray w i t h  about 

1 . 5 cm depth of wat e r .  After 3 days t he length of the c ole o p t i le t o  

the first le af sheath o f  the seedlings was measured b y  a d i a l  caliper . 

There were four repli c a t i ons for each  c oncentra t i o n .  Data were 

analyz e d  by the randomiz e d  complete  block de sign.  

8 . 3 . 2 . 2 .  Modi f i e d  dwarf rice  b i oassay 

Tan-ginb o zu dwarf seeds were s pread in a thin laye r of water 

on Whatman 3 MM paper i n  a tray ( 65 x 30 x 43 cm) c overed with a 

glass she e t  under day l i ght fluore s c ent tubes ( two tub e s , 1 20 c m ,  o f  

8 0  wat t  from 42 c m ) . After growing 55-64 hours the seedli ngs were 

sele c t e d  as f ollows . 

Le ngth o f  c ole opt iles ( mm )  Length o f  roots  ( mm )  

A series  1 . 545 + 0 . 07 2 . 23 + 0. 1 6  -
B ser i e s  2 . 1 9  + 0 . 06 7 - 57 + 0 . 37 -
c series  4 . 30 + 0 . 6 1  1 2 . 70 + 2 . 46 

- -

5 see dlings were placed  int o a vi al ( 4 . 7  x 5 . 7  c m ,  s c i n t i lla t i on vial ) 

which had 1 . 0 ml o f  2 %  of agar and 1 . 0 ml of di s t i lle d wat e r .  The 2 %  

agar at about 40-45 °C were added into  a vial kept in  a deep  fre e z e r .  

The vials c ontai ning a s tandard c onc entration o f  GA3 in  EtOH a s  0 . 0 ,  

0 . 00 1 , 0 . 005 , 0 . 05 ,  and 0 . 5 flg/ml were dried i n  a vacuum ove n and 

then were kept in  a deep freezer unt i l  a dding the agar s olut i o n .  After 

transfering the 5 s e e dlings , the t op o f  vials wer e  sealed w i th Glad­

wrap . The vials were plac e d  on the b ench the ' day-ligh\ ' fluor e s c e nt 
0 t ub e s  at  30-32 C f or 3 days . The first  sheath measureme nt was the 

same as  ment i oned above . 

8 . 3 . 2 . 3 .  Le ttuce  hypocotyl b i oa s say 

This b i oassay was e ssentially that followed by Frankland and 
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I E-10 Ethyl toetate phas.e I 
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t--f E-12 Ethyl acetar. l 

I M-2 80% MeOH I extract 

[ M-3 MeOH re-extract J 

J M-4 Aqueous phase I 

I M-S PetroMtum utract J 

1 M- 7 Aqueous pha�e I 

I M-8 Ethyl aoetaat I extract 

M-9 s.ck wast'ung I 

In cold 80 % MeOH for 6 houn; (10 ml MeOH/g dry maner) 
at 1-zOc in the refngentor. Filter the MeOH solvent extract 
by Millipore·filter at below 00c and 1tore the MeOH extract 
in a deep freeze. 

R&-1txtract the res1doe tw.ce with fresh cold 80 % MeOH with 
a 6 hOllr interYal in the refrigerator. Filter the extract with 
Millipor•hlter and nme With cold 80 % MeOH sewral time� 
at below OOC. 

Evaporate the MeOH extract by rotary evaporator and transfer 
the aqueous. solution into a £50 ml centrifuge bonle. Store 
the aqueous phase ( 1 00  mll at 1-20C in the ntfrigerator overnight. 
Centrifuge the aqueous phase at 10,000 rpm at OOC for 30 

minutes. de<.ant the supematant. nme the residue With cold 
disti lled water, centrifuge it iM)ilin, and pool the supematant. 

Extract with petroleum ether (40-soOCI MWeral times. 

10 ml distilled water and pool together with the aquous phase. 

Adjust to pH 2.5 With 50 % HCI. 

b:tract with 1/2-1/3 v ethyl acetate (saturated w1th 0.5 M 
formic acid) (8 x ). 

20 ml of ac•dified d1stilled water (pH 2.5) (1  x ) and pool 
together with the aqueous phase. 

I 8- 10 The pooled aqueous phil$81 

Extract With 1/4 v 5 % sodium bicarbonate (5 x ), 
pool fractions and adJuSt to pH 2.5 with 50 % HCI. I B-11 Butanol extract I 
Discard 

Adjust to pH 8.3 with 1.0 M phosphate buffer to g.ve 
finally 0.5 M phosphate buffer (pH adjusted with KOH). 

Extract with 1/2 v 8uOH 14 x ) (saturated with 0.1 M 
phosphate buffer.) 

-f 8-12 Aqueous pha� l Discard J E-13 Ethyl acetate extrac:1 &tract with 1/2-1/3 v ethyl acetate (8 x ) 

r----1 E-14 Back washu� 1 With acidifted distilled water 

H E- 15 Aqueou• -· 
J E-16 Ethyl acetate ph.el 

I E-18 ..,.,.... G-10 I 
I J E-19 0.1 M phospha• buffer I 

( E-20 Ethyl acetate utr�� 
� E-21 Back wMShing I 

O...vd 

Evaporate by rotary evaporator at 35°<;. 

FrMzt dry 

Dissolve the residue with 0.1 M phosphate buffer and 
load an aliquot on the top of the column. 

Elute with 1,000 ml of 0.1 M phosphate buffer at 
the flow relt' 25 ml/10 min and adjust to pH 2.5 
with 50 % HCI. Extract with 1/2-1/3 v ethyl acetate (8 x ). 

With acidified distilled water. 

H E-22 -· ....... Oi.:•d 

E-23 Ethyl Ketate ph� I Ev.porate the ethyl acetate by rotwy evaporator. 

E-2� Residu_!) Frteze dry and diuotve in ablolute meOH and put 
duplicate aliquots onto 2 "am of dried silica gel 

E-25 Sihu gel columnJ Load 2 "am of silica gel containing sampte on the 
top of appropriate column. ���--------------� 

S-26-A The svs•m A silica gel column 1 
Elute fractions by c:hlorofOJm, 
ethyl aceta•. end MeOH. 

I S 27 A Fractionation I 
1 0  ml fraction I 

I I 

S-26-8 The system 8 silica gel column J 
Elute fractions by heune, 
diethyl ether, ethyl acetate, 
end methanol. 

l S-27-8 Frac:tionation I 10 ml fraction 

I I I S -28 8ioassay •I I s-28-A pooled fractions I ( s-28-8 Btoassay • •I S-28-C Pooled fractionsl 

I I s-� Cellulosej 
ttu n l1yer 

1 r S-30 Bioauav _:I 
I S-29-� Cellulose 1 

thm 
La er 

I S-30-A a;oauay • •• 

r B-13 Butanol phase I 
I r B-14 Residue I 

I 8-15 S.phodex G-10) 

I B-16 1,000 ml phosphate I 
buffer eluted I 

J 8-17 Butanol phase I 
I 8-18 Residual 

8-19 Sephadex lH-201 

r B-20 Fractionation I 

I B-21 Bioa"'v • • ·1 

Evaporate by rotary evaporator at 40-450C. 

Dissolve with 0.1 M phosphate buffer 

Load an aliquot of B-14 onto the filter paper disc 
on the top of the column. 

Extract with 1/4 v butanol (4 x ). 

Evaporate by rotary evaporator 

Freeze dry and dissolve wilh 95 % EtOH containing 
0.001 M HCI. 

Load an aliquot of 8-18 on the top of the column 

5 ml fraction with the flow rate 30 mllh. 

l r B-21-A Pooled fractions A. 8, C, and 0-fractions I 
I 

8-22 OEAE cellulow thin layer) 

I 
8-23 BK.auay • • •J 

Combined bioauay of oat and whea1 coleoptill sections 
for IAA and ABA and dwarf rice seedlings W�d blrtey 
endosperm bioassays for GAs. 

Dwal"f rice �ling� and barley endospe!'m bioau•vs fOJ GAs. 

Rad•sh cotyledon bioauay for cytokmm·hke substances. 

TABLE 6. A FLOW CHART OF EXTRACTION PROCEDURE FOR IAA-, ABA-, GA-, AND Ck-UKE SUBSTANCES IN APPLE LEAVES. 
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Ware ing ( 1 96 0 ) . The l e t tuce seeds  wer e  spread on the we t Whatmann 

3 MM paper on a tray c overed with  a glass she e t .  The tray wa� kept in 

the dark at  25°C .  A fter  2 days s e e dlings with about 6 - 8  mm radi c le s  

were sele c te d  and 1 0  see dlings were place d  in  a vial ( 2 . 7  x 4 . 2  c m )  

wi th a filter  paper moistened wi t h  1 ml of  0 . 1  M phospha t e  buffer 

s oluti on a t  pH 6 . 5 .  The vi al s sealed wi t h  Glad-wrap , wer e  pla c e d  on 

the b e nch under 30 cm ' day-light ' flu orescent  tub e s  men t i oned ab ove 

at 25°C in t he b i oa s say room.  A f t e r  3 days hypocotyl length was measure d  

b y  a dia l caliper . Arc t i c , Arc t i c  K i n g ,  Green Mi gnone t t e , and Butter­

c ruch le t tuce  varie t ie s  were t e s t e d  and G ibberelli c  acid was used 
at  c onc entra t i ons o f  0 . 001 , 0 . 01 , 0 . 1  and 1 /Ug/ml . There were three 

replica t i ons for each treatment . A 4 x 5 fac t orial experiment was use d .  

8 . 4 .  Endogenous plant hormone s i n  apple leaves 

8 . 4 . 1 .  Extra c t i on procedure s  of  IAA , ABA , and GAs 

8 . 4 . 1 . 1 .  Leaf sample s and extra c t i on procedure s  

Leave s wer e  c olle c t e d  only from t h e  clus ter bas e s  b earing 

frui ts  on  1 2/1 1 /70 , were imme d ia t e ly frozen with dry i c e , and later 

were lyoph i lize d .  The lyophili z e d  lea f sample s  were ground wi t h  a Glen 

Cresten mill and were kept in pre s erving b o t t les in  a deep fre e zer 

at  - 20°C unti l  use d .  

The extra c t i on proc e dure s used b y  vari ous worke rs were 

examined in  a pre liminary expe riment (See  9 . 1 -9 . 2 )  and t he n  plant 

hormone s in apple leaf samples were analys e d  as shown in  Table 6 .  

60 g of  lyophilized  leaf sample s were extracted  by the pro c e dure s  

in  Table 6 .  

8 . 4 . 1 . 2 .  Ethyl a c e tate phase 

8 . 4 . 1 . 2 . 1 .  The system A s i l i c a  ge l - c e lite c olumn 

In Table 6 ,  the steps  from E- 1 0  t o  S-26 A and B were 

extrac t i on proc e dure s  f or IAA , ABA , and Gibberellins from t he system 

A silica gel-c elite  c olumn , as  a c i d i c  frac t i ons . Therefore the r e sidue 

of  e thyl a c e tate phase at the s t e p  E-24 was dissolve d with Me OH .  

The aliquo t s  e quivalent to 30 g dry we i ght of leaf samples  and  t o  1 5  g 

dry we ight o f  leaf samples were adde d to each batc h  of 2 g o f  silica 
gel in the we i ghing glass b oa t  re spe c t ively . The former was loaded on 

the sys t e m  A s ilica ge l c olumn and t �  latter  was for the s ys t e m  B 

c olumn . The system A c olumn was e lu t e d  by chloroform ,  e t hyl a ce tate , 

and me thanol and the  system B c o lumn was e luted b y  hexane ( 1 6 0  ml ) , die t hyl 

e ther ( 330 ml ) ,  e thyl a c e tate ( 1 60 ml ) , and MeOH ( 200 ml ) .  53 fra c t i ons 

were c olle c t e d  from the system A and 1 00 fra c t i ons from the system B 



c olumn , each frac t i on b e ing 1 0  mls . 

2 ml o f  MeOH was added t o  each fra c t i on . Several a l i qu o t s  

base d on dry weight me n t i oned later were adde d to  vials ( 2 . 7  x 5 . 7  c m )  

f or gibberellins a nd t e s t  tub e s  ( 2 . 0 x 1 5 . 0  c m ) f o r  IAA and AEA . The 

aliqu o t s  from each fra c t i on were p oole d t oge t her as  follows : 

A Frac t i on = 1 -25 frac t i on ( 250 ml ) 

B Frac t i on = 2 6-35 frac t i on ( 1 00 ml ) 

c Frac t i on = 36 -45 frac t i on ( 1 00 ml ) 

D Frac t i on = 46-53 frac t i on ( 80 ml ) 

The pooled fract i ons f or A , B , C ,  and D i n  the vials respe c tively were  

dried i n  a vacuum ove n .  

8 . 4 . 1 . 2 . 1 . 1 .  De t e rmina t i on of  IAA- and ABA-like sub s tanc e s  

Each fra c t i on c olle c t e d  from t he s ys tem A s i l i ca gel- c e l i te 
c olumn eluted to  53 fra c t i ons was dissolve d w i th 2 . 0  ml of  MeOH and 

the a li quots equivalent to  0 . 2 , 1 . 0 ,  and 2 g dry we ight o f  leaf sample s 

were added to  the t e s t  tubes  and were dri e d  i n  a vacuum oven for the 

b i oassay of IAA- and ABA-like sub s tanc e s .  

For cellulose thin layer chroma t ography the s olvent  system­

MAAW ( Me thyl acetate : A c e t onitrile : Ammonium : Water ( 40 : 1 0  : 5 : 

4 v/v/v/v ) was use d .  Eac h  chromatogram was b i oassaye d by the c omb i na t i on 

o f  oat and wheat c ole opt i le sec t i ons . 

8 . 4 . 1 . 2 . 1 . 2 .  De termina t i on of gibbe r e llins 

The aliquot s e quivalent to  1 . 0 ,  3 . 0 , and 5 . 0  gram dry we ight 

of leaf samples from each  frac t i on of 53 fra c tions were adde d to t he 

v ials ( s c int illat i o n  vial ) were dri e d  in  a vacuum oven for the use of  

dwarf rice  b i oassay . 1 . 0 g dry we i ght e quivalent was added into  a vial 

( 2 . 7  x 4 . 2  cm) for the e mbryole ss  hal f  barley bioassay t e s t  ( Se e  8 . 4 . -

1 . 4 . 2 . ) 

For c e llulose thin layer chroma t o graphy , the aliquot s 

e quivalent t o  1 . 0 and 5 . 0  g dry we ight were applie d  as  2 . 5- 5 . 0  c m  bands 

and the plates develope d to  15 cm from the o rigin by t he s olve n t  s ystem­

MAAW a s  for IAA and ABA de t erminations . 1 cm bands o f  c e llulos e  we re 

s craped  off , by a raz or blade , into the vial s .  The vials were s t or e d  

i n  a d e e p  freezer unt i l  t h e  b i oas�ays w e r e  made . 

8. 4 . 1 . 2 . 2 o  Th·e system B si lica gel-ce lite c olumn c hroma t ography 

A three s t ep gradient  e lut i on in  the  system  B s i l i c a  ge l'- c e li t e  

c olumn was use d .  The first s t e p  i n  the gra d i e nt s olve n t  s ys t e m  was 

1 60 ml of  hexane i n  the A c ylinder flask and 1 40 ml o f  die thyl e ther in  
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Fig . 1 5 .  Densi t y  of d i e thyl e t her in hexane , e thyl acetate i n  d i e t hyl 

e ther , and me t hanol in e t hyl ac e tate  i n  each 1 0  ml frac t i on 

leaving the B c ylinder flask in the gradient elut i on .  
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t he B c ylinder f lask ( See 8 . 4 . 1 . 2 .  e thyl ace tate phase ) .  After e lut ing 

1 0  frac t i on s , 1 00 ml o f  di e t hyl e ther was adde d to  the B c ylinder 

flask and a gain a t  the 20th fra c t i on .  Then t he second s t e p  was started  

from the  33rd  to  59th  frac t i ons with the 200 ml  ( the r e mainder o f  

m ixture w i t h  hexane and di ethyl e ther ) in  the A cyl i nder flask and 

1 60 ml o f  e thyl a c e tate in the B c ylinder flask . In the third s t e p  the 

e thyl a c e tat e/di e thyl e ther mixture was made up to  1 50 ml with e t hyl 

a c e t a t e  and 1 30 ml of MeOH adde d to the B cylinder . A f t e r  eluting t he 

6 0th t o  79th fra c t i ons 1 00 ml o f  MeOH was added at the 80th fra c t i on 

and t he c olumn was eluted up t o  the 1 00th frac tion ( Se e  Fig . 1 5) 

Each 1 0  ml frac t i on was dri e d  and di ssolv e d  with 1 ml o f  MeOH . 

The aliquots  equ ivalent t o  1 . 0 ,  3 . 0 ,  and 5 . 0  g dry we i ght were use d for 

t he dwarf rice s e e dling b i oassay , and an aliquot c ontaining 1 o 0 g dry 

we i ght was b i oa s say with the e mbryole ss half barley t e s t . 

8 . 4 . 1 . 3 .  B i oassay for IAA and ABA 

For t h e  e stimation of IAA-like and ABA-like substan c e s , t he 

b i oassay was the c ombination o f  3 sec t i ons o f  oat and 5 s e c t i on s  o f  

wheat c oleoptile ( Se e  8 . 3 . 1 . )  ( the c omb ina t i on b i oassay ) . 

The b i oassays were made at thre e levels o f  c oncentra t i on 

.from t he same fra c ti on as me n t i oned ab ove , but were n o t  duplicated  at 

t he same c oncentration . A standard calibrati on for IAA and ABA was 

made for each batch  of bi oas says , obtaining the leas t  s i gnifi cant 

difference  ( LSD ) at the 5 % leve l with four replicat i ons as menti one d 

in  s e c t i on 8 . 3 . 1 .  A shaded area f or the oat cole optile b i oa ssay and 

a d o t t e d  area for the wheat b i oassay represents a s i gn i fi cant d i fferenc e 

a t  t he 5 %  level from the c ontrol  ( O . O )Ug )  o f  the s tandard s oluti on .  

8 . 4 . 1 . 4 .  B i oassay for gibberellins 

The gibbere llins from t he aliquot s  equivalent to 1 . 0 and 5 . 0  

gram dry we ight o f  leaf sample from the system A s i l i c a  gel c o lumn wer e  

determine d by dwarf r i c e  b i oa s sa y  wit h  glass tubes c ontaining 2 ml o f  

dis t illed water  ( Se e  8 . 3 . 2 . 1 . ) .  

The a liquots c ontaining 1 . 0 ,  3 . 0 ,  and 5 . 0  g dry we ight from 

the sys t e m  B s i lica gel c olumn were use d in a dwarf r i c e  b i oassay with  

a cult ure medium o f  1 . 0 ml 2 %  o f  agar + 1 . 0 ml  d i s t i lled  water  (See  8 . -

3 . 2 . 2 . ) exc ept the aliquo t e qu ivalent t o  5 . 0  gram dry we igh t  whi c h  was 

bi oassaye d  by glass tubes . The s tati s t i cal analyses  were the same as 

calcula t e d  the LSD at the 5 % level from the standard calibra t i on 

unless othe rwi s e  me ntioned . 
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8 . 4 . 1 . 4 . 1 . Barley endosperm t e s t  

Aliqu o t s  equivalent t o  1 . 0 gram d r y  we ight f r o m  t h e  system 

A and  B si lica  ge l column respe c t ively was used in  the barley e ndosperm 

t e s t s . 

Se e ds o f  the barley variety Re search were dr opped in 75 % 

e thanol for 30  s e c ond and then were soaked in  50 % H2So4 for 3 hours a t  

the room tempe rature ( Co ombe , Cohe n ; and Pale g ,  1 967 ) .  The seeds  were 

dehulle d ,  thor oughly washed in the tap water and were rinsed  wi th 

d i s t i lled wa t e r .  The seeds were drie d  by air and were cut into two part s  

w i t h  a razor blade . The e mbryole s s  halve d barley seeds  were s t ore d in  

plas tic  bags unt i l  the seeds we re use d .  The embryoless  halve d-seeds  were 

s oaked in 75 % e thanol for 30 sec and then in 1 % NaOCl f or 1 5  minut e s . 

After thoroughly washing the halve d-se e d s  wi th ste r i l i z e d  d i s t i lled  

H2o ,  the seeds  were incubated in  d i s t i lled water for 24 hours a t  1 -2 °C 

i n  the refri ge rat o r . Four embryole s s  halved se eds in  two mi liliters of 

buffer s olut i on containing 2 micro-moles ace tate buffer and 20 mi cro­

moles of calc ium chloride with 1 0/Ug/ml o f  c hlorampheni c ol ( Jones and 

Varner , 1 96 7) a nd 0 . 01 M FeC 13( doodwin and Carr , 1 970 ) were �ncubat e d  in  a 

c appe d vial ( 2 . 7  x 4 o 2  cm ) .  The t e s t  v ials were shake n b y  an o s c i llat i on 

s haker ( less  t han 40 o s c i llat ion per minute ) at 25°C i n  the b i oassay 

r o om for 24 hour s .  The embryoless halved se e ds were rinsed  and the 

s o lution made up four milili ters for t e s t ing . 1 ml aliquot from the 4 ml 

t e sting solut i on was measured by the a -amylase test ( Jone s and Varner ,  

1 96 7 )  and gluc o s e  test ( Mille r , Blum , Glennon and Bur t on , 1 96 0 ) . 1 ml o f  

fre shly prepare d  p otat o s tarch s olut ion was added t o  the aliquot o f  

t e s ting solu t i on .  A f t e r  1 minute the solu t i on was f i x e d  with 1 m l  o f  

i odine reage nt ( Take 1 m l  of 6 . 0  g KI a n d  6 0 0  mg of r2 i n  1 00 ml o f  

d i s t i lled wat e r  and add t o  1 00 m l  o f  the 0 . 05 N HCl )  for a-amylas e  t e s t , 

or 1 ml of 3 ,  5-dinitrosalyc ylic a c i d  reagent ( 1 . 2 g o f  phe no l ,  0 . 3  g 

o f  sodium sul f i t e , 1 20 g of R ochelle salts in  2 %  o f  NaOH 300 ml with 

300 ml of d i s t i lled  water ; Mil ler , Blum , Glennon , and Bur t on ,  1 960 ) for 

gluc ose test . 5 ml of distille d water was added to the f ixe d s olut ion 

and then the opt i c al dens i ty at 620 nm f or a-amylase , and 640 nm for 

glucose test , d e t e rmine d by a mode l 1 01 Hitachi spe c tr ome t e r . 

8 . 4 . 2 .  Extrac t ion pro c e dure for c yt okinins 

8 . 4 . 2 . 1 .  Aque ous phase 

In Table 6 �  the steps from B - 1 0 to B-20 repr e sent the 

pur i fication at c ytokinin-like subs tance s . The aque ous phase  after e t hyl 

a c e tate extra c t i on at pH 2 . 5  was a d j u s t e d  to pH 8 . 3  and was then 

extracted 4 x wi th 1/2 volume of BuOH saturated with phos phate buffe r .  
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The c omb ined BuOH phase was reduced in  vacuo at  45 °C w i t h  a rotary 

e vaporator . The residue was dissolved in 0 . 1  M phosphat e  buffer and 

passed through Se phadex G - 1 0 .  The 1 000 ml volume phospha t e  buffer e luant 

was extracted wi t h  1/4 v BuOH ( 4  x )  and was evaporated in vacuo at 45°C 

with a rotary evaporat or . The residue di s solve d in e t hanol was loade d 

on  a Sephadex LH-2 0  c olumn and e luted  wi th 95 % 0 . 001 M HCl .  All o f  the 

pro c e dures were the same me nti one d in  the preliminary t e s t  in Chapter  8 .  

Each fra c t i on was dried i n  a vacuum oven and the aliqu o t s  e quivalent t o  

1 and 5 g dry we i ght o f  leaf sample from 1 m l  o f  EtOH added t o  each 

frac t i on were b i oassaye d wi th rad i sh c ot yle dons . The fra c t i ons from 1 

t o  1 5th fracti on were discarded from the b i oassay , be cause t he ma j or 

c yt okinins a c t i v i t y  tested  from Se phadex LH-20 oc curr e d  from the 1 6th t o  

40th frac t i on . The frac ti ons 1 6  t o  85 wer e  groupe d int o 4 , as A , B , C ,  and 

D as follows : 

A Frac t i on = 1 6  - 43rd frac t i on ( 1 40 ml ) 

B Frac t i on = 44 - 63rd frac t i on ( 1 00 ml ) 

c Frac t i on = 64 - 78th fra c t i o n  ( 75 ml) 

D Frac t i on = 79 - 85th fra c t i on 35 ml) 

For DEAE cellulose thin laye r c hromat ography , aliquo t s  c ontain­

ing 0 . 5 ,  1 . 0 and 5 . 0  g dry we ight in EtOH from the c omb ine d frac t i ons 

of A , B , C ,  and D was spotted as 2 . 5 - 5 . 0 cm bands on DEAE c e llulose thin 

layer plate s whi c h  were deve l oped with t he solvent sys t e m-��AW . Each Rf 
was scraped o f f  into a pe tri d ish and st ored in  a deep fre ezer unt i l  

radi sh c otyle dons were ready t o  use . 

8 . 4 . 2 . 2 .  B i oa s say for cyt okinin-like sub s tanc e s  

The radi sh c o tyle don b i oassay was e ssentially the same as  

de scribed  by Le t ha m  ( 1 96 8 ) . S e e ds of  radish ( Raphanus sat ivus L .  cv 

Long S c arle t ) were spread on well-we t te d  paper in rlas t i c  trays c overe d 
0 with a glass plate and were kept a t  25 C in the dark b i oa ssay r oom . 

After  about 24-36 h ours , the smaller c ot yle don of the pai r  was exc i s e d  

from the medium s i zed s ee dling . C ot yle dons were exc i s e d  in t he light 

and were poole d i n  dist ille d water  and then di stribut e d  amongst pe tri  

di she s ( diame t e r  5 . 0  c m )  c ontaining a fi lter paper ( 4 . 5 c m )  with 1 . 5 ml 

of d i s t i lled water . 8 c ot yledons were use d  in  each dish . The dishes  

were  placed  on a sheet  of we t t e d  filter  paper in the  tray c ove red with  

a glass shee t . The  trays we re plac e d  on a iench under c on t i nuous ' day 
I 

l i ght ' fluorescent  tubes . After  3 days each batch o f  c ot yl e d ons was 

blotted  betwe e n  fi lter pape rs and then was measured a fre sh we i ght . 
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I n  statist i cal analys i s ,  a s ingle c hromat ogram from each 

fra c t ion and each R f  thin laye r was c o mpar e d  wi th the LSD at  the 5 %  

level from the O . O ;ug zeatin c once ntrati on i n  the standard calibra t i on 

with 4 replicat i ons , this LSD be ing repre sented by the shaded and d o t t e d  

area i n  Fig . 



8 . 5 .  Aut hentic  plant h ormone s and plant mat erials i n  gas liq� i d  

c hr omat ography 

8 . 5 . 1 .  General pro c e dure of GLC 

1 5 1 

A Pye 1 04 c hr omat ograph temperature pro grammed with Model 

64 and f i t t e d  wit h  flame i on i za t i on de t e c t ors was used .  A Phi llips 

Model 8000 re c order or a Servoscribe v oltage potent i omet r i c  r e c order 

was used operat ing at  a chart spe e d  of 1 c m/minute . 

8 . 5 . 1 . 1 .  Packing c o lumn 

The s i lan i z e d  c olumns ( Ross and Bradbe e r , 1 971 a )  ( 1 50 c m  x 
4 mm ID glass tub e s  or 1 80 c m  x 2 mm ID glass tub e s  attached wi t h  metal 

c onne c t or )  were pac ke d  wi th 3 %  OV- 1  or  3 %  SE-52 on 80-1 00 mesh 

Gas-Chrom Q ( Appl i e d  S c ienc e s  Laborat or i e s , Inc ) us ing the  me thod in  

t he Pye Unicam manual a s  follows : The support ing material o f  Gas -Chrom 

Q was pla c e d  into c hlor oform c ontaining 3 % OV-1 or 3 % SE-52 i n  a 

250 ml round bott om fla sk . The flask was c onne c t e d  t o  a vacuum and 

gently shaken in vacuo with a shake r ( The Gri ffin Flask Shake r s , 

Griffin & Ge orge LTD ) . The f lask i n  vacuo  was ofte n  shaken b y  hand 

f or even di s tribu t i on o f  the stat i onary phase .  Whe n  most of t he s olvent 

had been  evaporated  the rema i ning mat e r ial was hea t e d  on a wat e r  bath 

a t  1 00 °C f or 30 minu t e s  to  1 hour under moderate vacuum . 

The end of the c olumn was plugge d with s i lani zed gla s s  wool . 

Then � gram of 3 % OV- 1  or 3 % SE-52 c oa t e d  on Gas-Chrom Q wa s p oured 

into  the inlet o f  c o lumn . A 1 0  lb pre s sure o f  nitrogen pushe d the 

mater ials to  the end of the c olumn whi c h  was vibrated  by a vibra t or .  

This proce dure was repeated several t imes  until t he c olumn was pac ke d .  

The c olumn was pre c ond i t i oned at  300°C for 2 4  hours and then c arrie r  
gas was pas sed through cont i nuously at  about 1 0-20 ml/min . for 24-48 

hour s .  

8 . 5 . 1 . 2 .  The GLC c ondit ions 

The c ondi ti ons were inj e c t or z one about 1 60 °C ;  de t e c t or oven 

300°C ,  nitrogen at 20 lb , hydrogen at 1 3  lb , and air at  1 0  lb . T he 

flow rate was 50 ml/mi n . for a temperat ure programme d proc e dure , t he 

instrumental condit ions wer e  4 minute i ni t ial hold at  1 G0°C and after 

a manual c hange of  t e mperature to  200°C for 1 �  minute a 3°C/min . 
0 8 0 0 t e mperature programme from 200 C t o  2 0 C or 300 C was s tar t e d . 

This i s  calle d the 1 60° - 200°C t e mperature programme . 

8 . 5 . 1 . 3 .  Preparat i on o f  deriva t iv e s  

�e thyl e st e r s  der ivatives ( ME )  were pre pared b y  Horning ' s  
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Me thod ( 1 96 8 ) . Sample s c o ntaining 1 0  pg o f  au t hent'i c  hormone s su c h  a s  

NAA , IAA , IPA , ABA , GA9
, GA5

, GA4 , GA1 , and GA1 3  were quant i tatively 

pipe t ted from a MeOH s t ock s olut i on and  p � c e d  in  Mac r o  culture v ials 

lined  wi t h  te flon cap ( 1 . 6 x 7 . 5  cm ) ( Ge hrke and Lakings , 1 971 ) .  Me OH 

s o lution c o ntaining aut he n t i c  plant hormones was exposed  t o  exc e s s  

e t heral diazomethane ( 1 -2 m l )  fo r one minu t e  o r  less , and then e the r 

and MeOH were remove d b y  a stream o f  nitr ogen ( Horning , 1 96 8 ) . 

Me t hyl esters - tr i me th yls i lyl ether derivatives  ( ME-TMS ) were 

prepare d by the addi t i on o f  the rat i o  6 : 4 : 2 wi th dri e d  pyri dine 

( PYR ) ( 0 . 1 5  ml ) : hexame thyldisilazane ( HMDS ) ( 0 . 1 0  ml ) : trime thylchlo­

ros ilane ( TMCS ) ( 0 . 05 ml ) in order t o  the r�si due of methylated  c ompounds 

( Horning , Knox , Dalgli e sh , and Horning , 1 966 ) . The reage n t s  to make the 

ME-TMS derivatives are called PYR-HMDS-TMCS s i lyl reagents  in this text . 

After  standing overni gh t  a t  room t e mperature , t he reage nts  we re remove d 

by e vaporation unde r vacuum i n  a similar fashi o n  to  Lehrfeld ( 1 971 ) ,  

using a p i c kle jar . The r e s idue was dissolv e d  in  Me OH for i n j e c t i on .  

In the earlier expe r i me nt toluene was use d ,  but late r  the use o f  t o lue ne 

was abandone d be cause of the c ontamination of dete c t ors . 

In the in j e c t i o n  te c hnique 1 )Ul-5/Ul of ME-TMS deriva t ive s 

i n  Me OH whi c h  was take n t o  the 1 0  )Ul Hamilton  syringe plus 1 ,;Ul o f  .pure 

Me OH was i n j e? ted t o  the t op o f  the c olumn . 

The se gene ral pr ocedures  were u s e d  i n  the following experi­

ment s , unle ss otherwise  menti one d . 

8 . 5 . 2 .  Gas c hroma to graphic separa t i on of hormone s from apple leave s 

and c ompar i s o n  wi th b i oassay re sults  

8 . 5 . 2 . 1 .  Plant extra c t  

1 6 8 gram lyophilized samples taken o n  22/1 0/70 were e xtra c t e d  

b y  t he s t eps fr om M- 1 t o  E-1 7 i n  Table 6 .  The aliquot e qu ivalent t o  80 

gram dry wei ght of le a f  sample was loade d o n  Se phadex G- 1 0  and followe d 

the steps  from E-1 8 t o  E-24 in  Table 6 ,  but extrac t e d  by diethyl e ther 

inst ead of ethyl a c e t a t e . The r e s i due of die thyl e t he r  phase a t  the 

step E-24 in  Table 6 was dissolved wi th 2 ml  o f  MeOH and t he a l i quot  

was used  in  the f ollowing exper ime nt . 

8 . 5 . 2 . 2 . GLC o f  p lan t extrac t s  

The methyla t e d  resi due e qu ivale nt t o  20 gram dry we i ght o f  

leaf sample was d i s s o lv e d  i n  40;ul o f  MeOH . The 2 JUl aliquot e quivalen t  

t o  t he 1 . 0 gram dry we i ght of l e a f  sample was i n j e c t e d  with 1 /Ul o f  

pure Me OH us ing a 1 0 ;ul Hamilton s yri nge . The 1 . 5 ;ug of authe n t i c  plant 

hormone s such as 5-me t hyl indole , NAA , IAA , I CA , IPA , ILA , ABA , GA4 , and 
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GA 1 i n  1 ml o f  MeOH was c o-chromat ographe d wi th and wi thout the plant 

extrac t .  
GLC c ondi t i ons were the same as menti one d in 8 o 5 . 1 . The stat i o­

nary phase was 3 % of SE-52 i n  a 1 80 c m  x 2 mm ID c o lumn . Temperature 

programmed separa t i on was from 1 20°C -300°C with  an initial hold for 4 

minutes  at 1 20°C and then 3 °C/min . 

8 . 5 . 2 . 3 . The IAA- and ABA-like substanc e s  in the aliquot o f  ether 

a c i d i c  fra c t ion by b i oassay 

The aliquots e qu ivalent to 0 . 1 , 0 . 5 ,  1 . 0 ,  and 1 . 5 gram dry 

we i ght in 5 ,  25 , 50 , and 75 ;ul Me OH re spe ctively were spot t e d  as a 3 c m  

band o n  c e llulose thin layer plates  except for 1 . 5 gram sample i n  whi c h  

a 5 1 c m  band was appl i e d .  The IAA and ABA markers were spo t t e d  on  the 

middle of a plate . The plates were deve lope d by the solvent system MAAW . 
Eac h  c oncent ration of dry leaf sample mention e d  above was chromatogramme d  

by t hr e e  replicati ons exc ept t he 1 . 5 gram dry we ight sample whi c h  was 

not replicat e d .  

The princ iple b i oassay was t he same a s  me nti one d i n  s e c t i on 

8 . 3 . 1 . i . e . , the c ombi ne d c ole opt i le b ioassay wi t h  2 s e c t i ons o f  5 mm 

oat and 3 s e c t i ons of 1 0  mm wheat c ol e opt ile . The means fr om three 

chroma t o grams were c ompared wi th the LSD at t he 5 %  leve l from the IAA 

and ABA standard calibra t i on with 4 repli cat i ons . 

8 . 5 . 3 .  GLC calibra t i o n  of natural plant hormone s and r e la t e d  c ompounds 

The aliqu ots e qu ivalent t o  1 0 )Ug in MeOH for NAA , IAA , IPA , 
ILA , ABA , GA4 , GA

5 , GA1 3 , and GA1 were s i lyla t e d  b y  the PYR-HMDS-TMCS 

s ilyl r eagents ( se e  8 . 5 . 1 . 3 . ) .  The r e s idue of ME-T MS derivat ives was 

diss olv e d  with  Me OH and di lut e t o  1 . 0 fog ,  1 . 0 ,  0 . 5 , 0 . 1 , 0 . 05 ,  0 . 01 , 

0 . 0075 , and 0 . 0025 flg/pl . Eac h  c onc entra t ion was c hroma t o graphed  b y  
2 2 2 2 1 02x 1 0  x ,  20 x ,  50 X ,  1 X 1 0  x ,  5 X 1 0  x ,  1 0  X 1 0  X ,  20 X 1 0  X ,  and 50 X 

att e nua t i on respe c t ively.  

A single i nj e c t i on was c hromat ographed i n  most  cases  and the 

programme was the 1 60°C -200°C programme ( Se e  8 . 5 . 1 . 2 . ) .  

8 . 5 . 4 .  GLC of natural plant hormones and r e lated  synthe t i c  plant 

h ormones after c ellulose thin layer c hromat ography 

C ellulose  MN 300 ( Mache r y  Nagel Co . )  was washed with 6 N HCl ,  

2 % EDTA , Me OH ,  and e t he r  c onseque ntively.  

50 JUl Me OH c ontaining 1 0  pg each o f  NAA , IAA , IPA , ABA , GA9 , 
GA4 , GA1 3 , and GA1 was spot t e d  on a c e llulose  thin layer plate . 

Two pla tes were develope d t o  a 1 5  c m  line from the origin b y  the s olve nt 
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s ystem MAAW . One plate ( B )  was r emoved as soon  as 'the 1 5  cm l ine was 

reache d while  the s e c ond plate ( A )  was remove d 3 minu te s  lat e r . The A 

p late was s c raped o f f  i n  1 . 0 c m  bands a nd the B plate 1 . 5 c m  bands . The 

c e llulose  was scraped off by a G illette  blade into a s i nterred  disc  

funnel lined with  f ilter paper and eluted  with  15  ml o f  MeOH/0 . 25 M 

f ormic a c i d .  The s o lvent was dri e d  i n  t he vacuum oven at  r o om t e mperature . 

The r e s idue was me thylated by the usual me thod . The r e s i due was dissolve d 

with 1 00 )Ul o f  Me OH and 1 /Ul o f  me thyla t e d  material p lus 1 Jll o f  pure 

MeOH was i n j e c t e d . 

Standard calibra t i o n  o f  authen t i c  plant hor mone s was made by 

the same pro c e dure but with out t he development  of the c e llulose thin 

layer plate s . The diluted c once ntrat ion  of 0 . 1 ,  0 . 05 , and O o 025 pg�l 

i n  1 00 pl Me OH was i n j e c t e d  onto  3 %  OV- 1  on 80-1 00 me sh Gas-Chr om Q 

with a 1 50 c m  x 4 mm ID c o lumn . 

8 . 5 . 5 .  Effe c t  o f  different silylat i o n  methods on r e t e n t i on t i me and 

peak he ight of natural plant hormones 

- 8 . 5 . 5 . 1  Gibberellin A�  �������� 
1 0 �g o f  GA3 was s ilylated  by three different  me thods . Treat-

ment 1 was 1 50 �1 o f  pyridine , 1 00 �1 of hexamethyldi s i lazane , and 50 )Ul 

of trime thyl chlorosilane ( TMCS )  s tandin g  over -night a t  r oom temperature . 

Treatment 2 was 1 00 �1 pyri dine ( PYR ) and 1 00 )Ul o f  N . O . -b i s ( tri me thyl­

s i lyl ) tr i fluoroac e tamide ( BSTFA ) s tanding overnight at r o om t e mperature . 

Treatme nt 3 was 40 �1 o f  PYR , 40 �1 of  BSTFA , and 20 JUl o f  TMCS over­

night and then 1 00 �1 o f  BSTFA . 2 )Ul was i n j e cted with  each 1 �1 o f  pure 

reagent , i . e . ,  me thanol in Treatme nt 1 and BSTFA in Treatment 2 and 3 .  

The co lumn was a 1 80 c m  x 2 . 0  mm ID wi th a 3 % OV- 1  stati onary 

phase c oated on Gas-Chrom Q ( 80 - 1 00 me s h ) . The det e c t or re sponse was at 

1 x 1 02 atte nuat i on . 

Re t ent i o n  times were measure d from the s olvent peak and quant i t y  

de termined b y  peak �e ight . The number o f  the ore t ical plate s  ( N )  was 

calculated  b y  N = (� ) ,  where ' Y '  i s  the length of t he base l i ne cut b y  

t h e  t w o  tange nt s , ' X ' i s  the d istance f r o m  s tarting o f  s olvent peak t o  

peak maximum ( McNair and Bone lli , 1 969 ) . 

8 . 5 . 5 . 2 .  Several authe n t i c  plant h o rmones 

In order t o  make a ME -deriva t ive , an aliquo t  o f  1 0,ug each of 

NAA , IAA , IPA , ABA , GA9 , GA5 , GA4 , GA1 3 , and GA1 in 1 00JUl - MeOH was 

pooled and methylated  by the method used  i n  8 . 5 . 1 . 3 .  1 ;ul o f  the ME­

derivat ives  were i n j e c ted . The Me OH was e vaporated with  nitrogen from 
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the remaining derivatives the r e s idue of whi c h  was silylated wit h  BSTFA + 
TMC S  as described in se c t i on 8 . 5 . 5 . 1 . The c hromat ograph i c  c ond i t i ons 

were same except  the de t e c tor re sponse was a t  2 x 1 02 a t t e nuat i on .  

The exper ime nt was per formed i n  triplicate . 
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ta�le ? .  Effect of pB ia the aqueoua phaaa on lo .. of 
1"c-U . .t. 1D the aztraction procad\lr& . 

.. . At pB 8.0 B, .lt pB 2 .5 

Pl&at -le Dpa of • raconr7 � reco•ar7 Plant .. aple DJ- ot " noo•ar7 % raco•ar1 
11tC-IU. bat•e•a two �roa the 1'+c .. r.u. bataaaa ... fr011 tiM 

a tepa ori&iD•l 
atapa oripaal 

10 1 of lJophili&ed ataa .. 99,3}5 100 30 1 o f  1Jopb111aad atea lt 1 1 ,517 100 
{ 1}.65 ·•> { 1 1 .25 ·•> 

� MeOB extract '+5 1 , 500 90 •• 90·" � lleOB all:tract }99,9}1 97.2 97.2 

I with 0.02� aoldiua I with O.Oz:K aodiua 
diatb.J'l ditbiocarbaMh diatbJl dit biocarba .. te 

.. r···· ..... "'8·"' 97.1 87.9 .lquaoua pbaaa }52,98 .. 88.} 85.8 

I 
Caatrihs• Caatri tula 

I ( oaittad) I et 0 C with _10,.000 rpo 
for 30 aiDutea 

Patrolaua atbar aztract .. ,,5} 1 .0 0 , 9  Patrolaua athar extract },786 1 . 1  0.9 I 
29.6 .t.qu.aoua pba" 11t? ,?50 3}.7 

I adjYat to pB 8 . 0  

itb7l acetate aztract 1 ,650 1 . 1  0.} 

1 {8 • l 

.A \1&011& pb& .. }2, 5}6 22.0 6 . 5  Aquaoua phaae 3 )8 ,98}, 1 10.'+ 9 .. . 7 

I adjuat to pB 2.5 I ad juat to pB 2 .5 

EtbJ1 acetate •ztract }0, 128 92.6 6 . 0  Etb71 ac•tah •ztract 36o,60'o 93.5 88.6 

I {8 x) I {8 ., 

laliCOJ u.traci 30,7"7 102.1 6 . 2  NaHco3 extract , .. 8 , 286 95.5 8o.6 

I {5 . ,  I { 5  . ,  

&tbJ1 acetate ph••• 59" 2.0 0.1  Etb71 acetah pbaae ... 977 1 . ..  1 .2 

I I 
4quaoua pba" Aqueoua pbaM 

I ac1ditJ to pH 2 . 5  I acUi!J to pB 2 , 5  

Etkr1 acetate •xtrac t 28,656 9}.2 5.7 Etb:J1 acetate extract 3o7 ... 02 99.7 8 .... 

I I {8 • >  

.. r .. ·· ..... 80 0.} o.o Aqueoua pb&M lt , J2 1  1 .2 1 . 1  

I a..u .. to •thr1 ac•tat• 22,573 78.8 ... 5 Rea1dua of etbJ1 acetate }09 ,0 .. 9 89.0 75.1 
a fter ••aporat1on 

Lo&4.M oa &epb&tlex 0-10 Loaded on S•pbadex 0-10 

I I 1(1)0 al. tracU.oa 1000 •1 fraction 2 92,. 3'00 9".6 7 1 . 0  

lt.Jl ... toto extract 

I 
1000-1 )()() •1 1 2 , 510 ... o }.0 

I 
Etbr1 acetate extract 352,'o6 .. 120.5 85.7 

{ 8  x) I {8 ., 

Aq,uaoua pbaM 1 , 852 0 . 5  0.5 

aeu.. .. to •tkr1 o.catata 18,91 .. 83.8 
I 

} . 8  Raaidua of atbJ1 acetate ,,,822 9 .. . 7 81 . 1  
attar •••poraU.oa atter ••aporatioa 



CHAPTER 9 
Experimental Re sults 

9 . 1 . Loss of 1 4c -IAA dur ing extra c t i on and purifica t i on procedure s  

9 . 1 . 1 .  Effe c t  of pH i n  the aque ous phases  on  the  degradat i on o f  
14

c- IAA in the extrac t i on pro c e dure 

9 . 1 . 1 . 1 .  At pH 8 . 0  i n  t he aque ous pha se 
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A number of re sear c h  worker have used extrac t i o n  proce dure s  a t  

p H  8 . 0  i n  t he aque ous phase , after evapora t i on o f  methanol extrac t ,  w i th 

e t hyl a c e tate par t i t i on s o  t ha t  s ome inhi b i t ors whic h  interfered i n  the 

b i oassays were remove d from the aque ous phase . 

Table 7-A indi c a t e d  each perc e ntage of re c overy for 1 4c- IAA at  

d i f fe rent steps during pur i f i cati on . The values in Table 7 -A repre sent  

one  tr ial , although a duplicate  e xperiment c onfirme d the  results . The 
1 4  great e s t  loss of C-IAA oc c urre d when the aque ous phase was adjus t e d  

t o  p H  8 . 0  with  1 . 0 M phospha t e  buffer and extracted w i t h  e thyl ac e tat e , 

i . e . , only 2 9 . 6 % o f  1 4c - IAA was re c overe d from the original dosage o f  

IAA . A further extra c t i on at  the same p H  w i t h  e thyl ace tate gave only an 

a d di t i onal 6 . 5 % from the alkaline aque ous phase . There was l i ttle loss 

o f  1 4c- IAA when par t i t i oned with b icarbonate � pH 8 o 5 )  after first 

e x t ra c t ing into  e thyl ace tate at pH 2 . 5 .  This surpris ing re sult sugge s t s  

that s ome fac t or ,  possib le enzyme was caus ing degradat i on o f  IAA but 

t ha t  thi s fac t or c ould b e  removed by first par t i t i oning the  auxin i nt o  

e t hyl a c e tate a t  pH 2 . 5  ( Se e  next s e c t i on and discussi on ) .  

9 . 1 . 1 . 2 .  At pH 2 . 5  i n  the aque ous phase 

The value s in Table 7-B are means from dupli ca t e  t rials . The 

extra c t i on pro c e dure s  i n  Table 7-B are the same as in Tab le 7-A exc e pt 

for the initial pH o f  t he aque ous phase . In c ontrast t o  the loss at  pH 

8 . 0  there wa s l i t tle loss of 1 4c -IAA in the a c i dified  aque ous phase . 

Almost  80 % re c overy was achieve d through t he whole extra c t i on 

pro c e dure s ,  including the S e phadex G - 1 0  c olumn c hroma t ography , as shown 

i n  Table 7-B . The solvent extra c t i on pro c e dure gave 75 % rec overy.  

However ,  when the re sidue was l oade d and e luted  from Sephadex G- 1 0  81  % 

r e c overy was obtained . Probably be cause interfe ring plant c omponents  

wer e  removed.  

9 . 1 . 2 .  Column c hr omat o graphy 

9 . 1 . 2 . 1 .  He c overy of C- IAA from Sephadex G-1 0 c olumn c hroma t ography 

The exa c t  posit i on of elut ion  o f  C -IAA f r o m  a Sephadex G - 1 0  

c olumn was not s tudi e d .  A 1 , 000 ml frac t i on using 0 . 1  M phosphate 
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buffer  should be  sufficient t o  elute 1 4c-IAA , o n  t he basis  of i t s  

mole c ular we ight c ompared t o  GAs ( Crozier , Aoki , and Phar i s , 1 967 ) .  

After  e vaporation o f  the e t hyl a c e tate  phase wi t h  whi c h  1 4c - IAA was 

extra c t e d  from the a c i di fi e d  pho spha t e  buffer s olut i on of t he final 

r e s i due o f  333 , 822 dpm ( 9 . 1 267 ;ug )  309 , 049 dpm ( 8 . 4494 )Ug ) was recovere d 

fr om the  s o lve nt par t i t ion c olumn . 

9 . 1 . 2 . 2 .  Behaviour o f  1 4c -IAA i n  the gradient e lut i on o f  the 

silica gel- c e l i t e  c olumn chromatography 

The me thods are de s c r i b e d  in se c t i on 8 . 1 . 3 . 2 . The original 

applied 1 4c- IAA was 1 8 , 450 . 6 dpm ( 0 . 504�g � of 1 4c - IAA which was applied  

t o  on the t op of the silica  gel- c e lite c o lumn . Eac h  5 ml fra c t i on 

c ol le c t e d  fr om t he c olumn eluted  b y  a gradient o f  chloroform , e t hyl 

ace tat e , and met hanol is shown as  dpm , percentage r e c overy and a 

cumula t i ve percentage of rec overy o f  1 4c - IAA in Table 8 .  The highest  

re c overy o f  1 4c- IAA was at  the 24th fra c t i on aft e r  1 1 5 ml volume of 

eluti on .  About 60 % o f  1 4c - IAA o c c urred within 1 5  ml  around the 24th 

fra c t i on whi c h  was the highe s t  peak . The 50 ml from the 2 1 st to 3 1 st 

fra c t i on s  exhib ited  an 88 % re c overy o f  1 4c - IAA , whi le the first 250 ml 

volume from the 1 st to 50th fra c t i on gave 98  % re c overy , gave only an 

addi t i onal 1 0  % increase . There fore i f  t he IAA fra c t i on is  the only 

c omponent of interest  in  the plant materials , the 50 ml from the 2 1 st 

t o  3 1 st  fra c t i ons c ould b e  c olle c t e d  fr om the silica  gel-celite  c olumn . 

9 . 1 . 3 .  Re c overy o f  1 4c- IAA from c e llulose thin layer c hroma t ography 

ln order t o  know the fat e  of 1 C -IAA on c e llulose thin layer 

during s t orage of pla t e s  in  t he dark cabinet  at  room t e mperature and 

during a dry c ondlt i on in vacuum , 1 4
C-IAA with the apple leaf samples  

from Sephadex G- 1 0  obtained in  Table 7-A and B was u s e d . Aliqu o t s  

equivalent t o  1 4 , 909 and 7 , 454 dpm was spo t t e d  o n  c e llulose thin laye r .  

After the development i n  t he s o lvent syst em-MAAW ,  e a c h  R f  was c ount e d  

and c o nvert e d  t o  t he percentage o f  radioa c t ivity r e c over e d  from t he 

thin layer was shown in  Fig . 1 6 -A , B , C , D , and E .  

The means of rec overy o f  1 4c-IAA from the c e llulose thin layer 

were 50 . Q� 6 . 9 at IAA posi t i on of Rf 0 . 3-0 o 4 , regardle s s  of the 

c ondi t i ons of s t orage . The duplicate  exper iment as in the Fig.  1 6 -A , B , -
C ,  D ,  and E indicated 57 . 22�3 - 58 . The means of rec overy inc lude d  the 

l ower and upper from Rf 0 . 3 - 0 . 4  IAA posi t i on were calcula�e d  58 . 2 + 4 . 5 . 

B e cause s ome pla t e s  were not we ll separa t e d  a s  shown i n  F i g .  1 6 -C - 1 6 8  hrs .  

The duplic a t e d  e xperiment gave a similar re sult , 63 . 3 7  + 1 0 o 45 .  T o t a l  



Table 8 .  Recovery o f  
1 4

c-IAA from a silica gel-celite c olumn 1 60 
by the gradient elution method ( 1 8 , 450 . 6  dpm = 0 . 50444 llg l .  

N o .  o! Dpm o! 5 ml % recovery Cumulative % 
fraction fraction o f  

1 4
C-IAA recover:r 

o . o  o . ooo o . ooo 

2 2 . 1  0 . 0 1 1  0 . 01 1 

3 o . o  o . ooo 0 . 0 1 1 

4 4 . 1  0 . 022 0 . 033 

5 1 .0 0 . 0025 0 .038 

6 o . o  o . o oo  0 . 03 8  

7 1 7 . 1  0 . 09 3  0 . 1 3 1  

8 3 5 . 3  0 . 1 91 0 . 322 

9 75 . 3  0 . 4 1  0 . 732 

1 0  1 2 7 . 2  0 . 6 9  1 . 422 

1 1  82 . 0  0 . 4 4  1 . 862 

12 5 0 . 0  0 . 2 7  2 . 1 32 

1 3  34 . 1  0 . 1 8  2 . 3 1 2  

1 4  24 . 1  0 . 1 3  2 . 442 

15 22 . 2  0 . 1 2  2 . 562 

1 6  3 1 .6 0 . 1 7 2 . 732 

1 7  33 . 9  0 . 1 8  2 . 9 1 2  

1 8  4 3 . 8  0 , 2 4  3 . 1 52 

1 9  3 4 . 7  0 . 1 9  3 . 34 2  

2 0  39 . 9  0 . 22 3 . 562 

21 4 7 . 6  0 . 26 3 . 822 

22 880 . 4  4 . 77 8 . 592 

2 3  3576 . 1  1 9 . }8 27. 972 

24 4087 . 2  22 . 1 5  50. 1 22 

2 5  3282 . 4  1 7 .79 6 7 . 9 1 2  

26 1 7 5 3 . 4  9 . 50 77 . 4 1 2  

2 7  1 1 04 . 4  5 . 99 83 . 402 
28 65 1 . 8 3 · 53 86 . 932 
29 400 . 1  2 . 1 7 89 . 1 02 
30 296 . 8  1 . 6 1  90 . 7 1 2  
3 1  1 46 . 8  o . Bo 91 . 51 2  
32 1 67 . 9  0 . 9 1  92 . 422 
33 1 9 8 . 5  1 .08 93. 502 
34 1 30 . 2  0 . 7 1  94 . 2 1 2  
35 86 . 2  0 . 47 94 . 682 
36 6 4 . 8  0 . }5 95 . 03 2  
37 56 . 7  0 . 3 1  95 - 342 
38 44 . 9  0 .2 4  95.582 
39 4 8 . 8  0 .26 95 . 842 
40 1 02 .6 0 . 5 7  96 . 4 1 2  
4 1  70.6 0 . 38 96.792 
42 50.4 0 .2'1 97 . 062 
43 3 1 . 9  0 . 1 7 97.232 
44 3 1 . 1  0 . 1 7  97 . .. 02 
45 26 . 1  0 . 1  .. 97.542 
46 1 2 . 9  0 . 07 97 . 6 1 2  
"7 22 . 7  0 . 1 2  97.732 
48 20.2 0 . 1 1  97.842 
4 9  1 9 . 7  0 . 1 1  97.952 
50 5 . 3  o . o3 97 . 982 
51 1 8 . 0  0 . 1 0 98.o8o 
52 22 . 3  0 . 1 2 98.20 
53 1 3 . 6  0 . 07 98.27 
54 1 6 . 7  0 . 09 98.36 
55 1 3 . 5  0 . 07 98.43 
56 1 6 . 9  0 . 09 98 . 52 
57 1 0 . 1  0 . 05 98.57 
58 9 . 9  0 . 05 9 8 . 62 
59 1 1 . 8 0 . 06 98.68 
60 '+ . 5  0 . 03 9 8 . 7 1  
6 1 -80 299 . 8  1 . 62 1 00 . 33 
8 1 - 1 00 1 5 0 . 3  0 . 8 1  1 0 1 . 1 4 

Tot11l 1 8664 . 3  1 0 1 . 1 0 1 0 1 . 1 0 
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Table 9 .  E f fe c t  o r  eolvent on the part it ion o r  }H-zeatin a t  pH 2 . 5  and pH 8 . } .  and part i tion 

c o -e ! fic ienta w i t h  e t hyl acetate and butanol . 

Ethyl acetate extrac t ion Butanol extract ion 

P. ;.B 8 , }  p H  2 . 5  pH 8 . }  p H  2 . 5  
--

aaturated w i t h  sa turated with Non-saturated aaturated with eaturated w i t h  
0 , 1M phoaphate 0 , 5  M HCOOH 0 , 1 M  phoephate 0 , 5  M RCOOH 

DPM � DPM � DPM � DPM � DPM � 
1 s t  } , 30'+ . 6  7 . 08 '+ 1 9 . 4 0 . 90 430.4 0 . 92 32 , 2 4 8 . 6  69 . o6 2 , 6 3 1 . 5  5 . 64 

2nd 3 , 009 . 0  6 . 44 242 . 4  0 . 52 295 . 4  0 . 6 3  8 , 727 . 6  1 8 . 6 9  2 , 874 . 3  6 . 1 6 

3rd 3 . 974 . 7  8 . 5 1 240 . 4  0 . 52 3 1 9 . 2  0 . 68 2 , 1 1 0 . 7  4 . 52 3 , 8 1 5 . 2  8 . 1 7  

4th 2 , }76 . 8  5 . 09 1 } 0 . 7  0 . 2 9  29} . 8  0 . 6 }  537 . 0  1 . 1 5 } , 005 . 8  6 . 44 

5 t h  2 , 300 . 6  4 . 9} } 1 4 . 0  0 . 67 27} . 4  0 . 59 1 40 , 1  0 . }0 1 , 56 7 . 4  } . }6 

6 t h  2 , 736 . 4  5 . 86 1 77 . 0  0 . }8 233 . 6  0 . 50 2 } . 4  0 . 05 2 , 372 . 5  5 . 08 

7 t h  2 , 4 1 8 . 9 5 . 1 8  2 80 . 8  0 . 60 24 1 . 4 0 . 52 1 8 . 7  0 , 04 2 , 1 6 0 . 8  4 . 6 }  

8 t h  2 , 092 . 0  4 . 48 1 }0 . 7  0 . 2 8  299.4 0 . 49 1 8 . 7  0 . 04 1 , 26 1 . 8 2 . 7 0  

S u b ,  22 , 2 1 } , 0  4 7 . 57 1 , 936 . 4  4 . 1 5 2 , 3 1 6 . 6 4 . 96 4 3 , 824 . 8  93 . 85 1 9,689. }  42 . 1 6 Tot . 

R .  2 1 , 47 7 . 4  4 5 . 99 4 4 , 1 89 . 8  94 . 6 3 '+ 3 , 0'+ 5 . 9  92 . 1 8 1 8 . 7  0 . 04  1 6 , 63 0 . 6  3 5 . 6 1  

Total 4 } , 690 . 4  93 . 56 4 6 , 1 2 6 . 2  98 . 78 4 5 , }62 . 5  97 . 1 4 4 } , 84 } . 5  9 3 . 89 }6 , 31 9 . 9  7 7 . 78 

P . C .  1 3 . 1 2 1 08 . 89 0 . 488 1 6 . 7 3  

V a l u e •  a r e  me a n s  o f  three repl ications in e t h y l  ace tate e xt rac t ion but one repl icate a t  pH 8 . 3  and two 

re p l ic a t i ons at pH 2 . 5  in BuOH ex t rac t ion . 

Abbre v ia t ions : f- = Pa r t i t ion ; P , ; ,  = P a r t i t i o n  coe f ficien t ;  Sub . Tot . = sub - t o t a l ; R .  = Remainder 



1 62 

c ounti ng of  1 4c -IAA t hr ough the Rfs in  c e llulose thin layer was 6 7 . 45 ± 

4 . 9  % and the dupli cated  experiment was almost the same , 6 8 . 5 1  + 1 0 . 6 3 % .. 

There fore i t  may be c onc lude d t hat  the re was about 40-50 % 
1 4  r e c overy of C - IAA through the whole extra c t i on pro c e dures such a s  

me thano l  extra c t i on , s olvent par t i t i on , S ephadex G - 1 0 chromatography and 

c e llulose thin layer chromat ography . 

9 . 2 . Behavi our of  3H-zea t in in  c hr oma t ography 

9 . 2 . 1 .  S olvent part i t i on chromatography 

9 . 2 . 1 . 1 .  Effe c t  of  pH in  the nque ous phase on par t i t i on of 3H-zeatin 

by e t hyl a c e tate and butanol ( See s e c t i on 8 . 7 . 1 . 1 . )  

Radi oac tivity  o f  each par t i t i o n  frac t ion and the part i t i on 

c oe ff i c i e nt s  at  pH 8 . 3  and 2 . 5  be tween wa ter  and e t hyl a c e tate or butanol 

are shown in Table 9 .  The par t i t i on c oe f f i c ients  are e xpre ssed a s  

K d  = Per c entage in aque ous phase  

Per c e ntage in organic pha s e  

Whe-re per c e ntage of 3H-zeat in was calcula t e d  b y  % r e c overy from the 

o r i ginal dosage . 

The part i t i on c o e ffic ient with e thyl acetate at  pH 8 . 3  and a t  
pH 2 . 5  was 1 3 . 1 2  and 1 08 . 89 respe c t ively. Ab out 48 % o f  3H-zea t i n  wa s 

f ound in the e t hyl a c e tate  after  parti t i oning e i ght t ime s at  pH 8 . 3 .  

There fore , 3H-zea t in i n  the aque ous phase a t  p H  8 . 3 would b e  c onsi derably 

part i t i oned into the e t hyl ace tate phase . On the other hand , l i t t le 
3H-zeatin  par t i t i oned into  t he e thyl acetate  phase at  pH 2 . 5 .  As  can be 

s e e n  in Table 9 ,  4 . 1 5  % part i t i oned into the e t hyl ace tate phase saturated  

with  0 . 5  M formi c ac i d  and 4 . 96 % into the pure ethyl a c e tat e .  

Butanol had a n  appre c iable capac i t y  t o  remove zeat in a t  pH 8 . 3  

an d 2 . 5 ,  wi th a part i t ion  c o e f f i c i e nt o f  0 . 448 and 1 6 . 73 respe c t ively . 

In  other words , 93 . 42 % of  3H-ieat in c ould b e  re move d from the aque ous 

pha s e  at pH 8 . 3  b y  par t i t i on ing 4 t imes with butanol . 8 t ime s par t i t i on 

c ould also remove 42 . 1 6  % of  3H-zea t in from the aque ous phase at pH 2 . 5 .  

9 . 2 . 1 . 2 .  Back washing from e thyl ac e tate  phase 

The part ition c oe f f i c ient in  e t hyl ace tate for 3H- zeat i n  i n  

t h e  a c i di f i e d  aque ous phase was very high , a fter  8 par t i t i ons with t he 

aque ous phase at pH 2 . 5  the e thyl a c e tate c ontained only 2 , 009 dpm 

( 4 . 2 1  % as shown in Table 1 0-A . 80 % of the 3H-zeatin in the e thyl 

a c e t a t e  phase c ould be removed  by back wa shing with an a c i di f i e d  aqueous 

solu t i o n .  Fur ther back washi ng did not give s i gn i f icantly be tter r e c overy 

o f  3H-zeatin from the e t hyl a c e tate phase � 
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Table 1 0  A and B .  Bac k  washing from e t hyl acetate and butanol . phase . VJ 

A .  Hac k washin£ from e thyl acetate phase 

Aqueous phase 

1+7 , 755 . 8  d plll 

( 0 .02 u g )  

Extract w i t h  1 /3 V e t h y l  

Ethyl a c e t a te phase I 

--First buck washing 

�ec ond back washing 

�Third back washing 

�Four t h back washing 

Dpm from 

extract 

- --- -

a c e t a t e  

16 recovery 
from e t hyl 

acetate . -- - I nqueous phase 

I I I 
BuOH Aqueou s 

4 3 , 88 1 .4 phase 
dpm 523 . 8  

dpm 
( 90 . 84,.,) ( 1 .  1 ,. )  

I 

B .  Bac k  washing from Butanol phase 

Aqueous phase 

47 , 75 5 . 8  dpm 

( 0 , 02 u g )  

Ext rac t w i t h  1/3 V BuOH 

(4 x )  at pH 8 . 3  

I Butanol phase I 
I 

Dpm from % recovery 

e x t ra c t  from BuOH 

phase 

44 ,096 . 9  

( 92 . 34%) 

1 00 , 0  

�irst bac k  washing 1 , 026 . 5  2 , 33 

r-�econd back washing 1 , 1 3 3 , 4 2 . 57 

r-rhird back washing 1 , 088 , 5  2 , 47 

Aqueous phase 
555 . 4  dpm 

( 1 . 26%) 

��1 ac e ta te phase I (yutanol phase J 4 0 , 84 8 , 5  92 .63 

sum 99 , 57 sum 1 00 . 00 



_j­\..0 ' Table 1 1 ,  Partition o r  3&-&eatin troa �phades G-10 coluan c hroaatographz 
(686 , } }6 . 5  dpa • 0 , 289428 ��) 

Fract ion 

nuaber 

Blue dextran 
50 al 

1 a t  

2nd 

}rd 

4th 

5th 

6tb 

?th 

8th 

9t h  

10th 

1 1 t h  
1 2 t h  
1 }th 

1 • t h  
1 5 t h  
1 6th 
1 7th 

1 8-2 1 at 

Total 

Dp• or 1 00  al" 

fraction 

1 ,2}} 

5 , ?00 
29 , no 
26 , 255 
3 1 , 805 
3 1  ,o6o 

87, 420 
169, 8}0 
1 4 0 , ? 1 5  
" ' ·  1 6 5  
10 ,?00 

5 , 800 
3 , 685 
4 , 505 
} , 2}5 
2 , 390 

880 
870 

4 , 698 " 

5 , 990 , 0 1 8 , 0  

� reco••r1• 

0 , 1 8  

o . 83 
4 , }4 
3 . 83 

.. .  6} 
.. . 5} 

12 . 74 
2 4 . ?4 
20,50 

6 .29 
1 . 56 

0 , 74 
0 . 5  .. 
o .66 
0 . 47 
0 . } � 
0 , 1 3  
o .  1 }  

0 ,68" 

Cuau latin 

� reco•er1 

0 , 1 8  

1 ,01 

5 . 35 
9 . 1 8  

1 3 . 8 1  

1 8 , }4 

} 1 .08 

5 5 . 82 
76 . }2 
82 . 6 1  
84 , 1 7  

84 . 9 1  
8 5 . 4 5  
86 ,.1 1  
86 .58 
86 ,93 
8 7 . 06  
8 7 . 1 9  

87 , 8? 

8 7 . 87 

( 1 )  • Eatiaation from the aliquo t a  1 00  al frac tion. 

,. reco••r1 • •  

rroa oxtract 

b7 BuOB 

8 1 . 3 }  

( 588 ,220 dpa )  

2 . 87 
( 1 9 , 729 . 9  dpm) 

0,68 

8 4 , 88 

( 2 )  ' '  Ex trac tion froa t he e f fluent b 7  BuOH aaturated with 0, 1 M phosphate 
bu f h r .  

( } ) Value• are calculated rroa two replic� t iona.  

Table 12.  Pattern in the rrac t ionation o r  'a-zea t in froa Dowex 50 W x 8 
( 686 , }}6,5 dpa • 0 ,289428 ��) 

N o .  or 

traction 

1 

2 
3 

Dpa o r  100 al 
trac t ion 

1 5} . 4  

168 . 3  
1 9 1 . 8  

• recoYer1 

0 . 02 

0 . 0} 
0,0} 

Cuaulatiu 

" reconr1 

0 , 02 

0.05 
o . oe 

Reco•er1 troa 

e x t ract ion 

Dpa " 

50 . 8  o . o? 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

.. 2 , 4}0,0 0 . 35 0 , 4 }  
5 }95 , 5}5.0 57.63 58 . o6  
6 8 5 , 970,0 1 2 . 5 3  70 .59 
7 50,?45.0 ? . 39 ?? . 98 
8 4 6 , 7 1 l  .o 6 , 8 1  84 .79 
9 2· , ?85 .0 } . 6 1  88.40 
1 0  1 3 , 800 . 0  2 ,01 90 , 4 1  
1 1  ? ,  1?0.0 1 , 04 91 

·

" 5  
1 2  9, 445.0 1 , }8 92 . 8 3 
1 3  4 , 580.0 0 . 6? 9} . 50 55? , 001 , 4  8 1 , 1 6 
- - - - - - - -- - - - - - - - - - - - - - - - -- - - - - - - - - - - - - - ---- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
1 4  6 , 865 .0 1 , 00 94 . 50 
1 5  5 , 86o.o 0 . 85 95 . }5 
16 4 , 700 , 0  0 . 6 8  96 . 03 
1 7  4 , 005 .0 0 . 58 96 . 6 1  
18 5 , 20 5 . 0  0 . 76 97 . 37 1 8 , 11 1 7 . 9  ? . 74 
- - - - - -- - - - - - - - - - - - - - --- -- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

1 9  3 , 54 5 . 0  0 . 52 97 . 89 
20 2 , 1 2 5 , 0  0 , } 1  98 . 20 
2 1  2 , 500 , 0  0 . 36 98 . 56 1 8 , 095.? 2 .64 

Total 676 , 48 8 . 5  98 . 56 98 . 56 593 , 96 5 . 8  116 . 61 

Va lue o are from aingle re p l icat ion . 
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9 . 2 . 1 . 3 .  Bac k  washing from butano l phase by 0 . 5  M phospha t e  buffer 

Back washing from butanol phase w i th 1 0  ml o f  0 . 5  M phosphate 

buffe r  gave an average 2 . 46 % re c overy o f  3H-zeat in a t  each back  washing. 

That is t hree back washings gave 7 . 37 % loss from the part it i one d 

butanol and there fore i t  may not b e  a desi rab le pro c e dure . 

9 . 2 . 2 .  3H- zeatin i n  c olumn chromat ography 

9 . 2 . 2 . 1 .  Sephadex G - 1 0 

The behavi our of 3H-zeatin in  par t ition c olumn c hroma t o graph 

on Sephadex G- 1 0  i s  given in Table 1 1 .  The main peak was 24 . 74 % in a 

1 00 ml frac tion.  A 300 ml fra c tion around the main peak c ontained nearly 

60 % of the radioac t i v i t y .  In a 1 , 000 ml frac tion , 84 % o f  3H- z e a t i n  was 

ob tained . A figure o f  8 1 . 33 % of 3H-zea t i n  was obtained when the aqu e ous 

phase was extra c t e d  wi t h  butanol . An add i t i onal 700 ml gave 2 . 87 % o f  

labe lled zeatin , while  a further 400 m l  from the 1 8th-2 1 st fra c t i ons 

gav e  only 0 . 6 8 % r e c overy.  Total radioac t iv i ty est imated  in 2 , 1 00 ml 

fra c t ion , there fore , was about 85 % . Only an e xtra 3 . 7 % o f  3H-zea t i n  

was obtained beyond 1 , 000 ml , thus 1 , 000 ml would b e  a , reasonab le amount 

for e s t i mating zea t i n .  

9 . 2 . 2 . 2 .  Dowex 50 W x 8 

The pat t e r n  o f  elut i on for 3H-z e a t i n  using a 50 W x 8 c olumn 

exhi b i t e d  a tailing peak as shown in  Table 1 2 .  There was no  a c t iv i ty 

i n  the  distille d wat e r  rinse ( 300 ml ) but a s  s oon as 6 N ; ammonium 

s olut i on was used the 3H-zeatin appeared in the fra c t i ons . The first  

and s e c ond fra c t i ons o f  200 ml repre sent e d  5 7-6 3 % of t he a c t iv i t y  and 

the third frac t i on had 1 2 .53 %. Therefore a cumulat ive percentage 

re c overy o f  3H-zeat in was over 70 %. The p o o l e d  1 , 000 ml fra c ti o n  

part i t i one d with BuOH gave 81 . 1 6 % r e c ove r y ,  while 93 . 50 % was 

ob tained dire c t  from the ammonium e ffluent . However t otal radi oa c t i  v±- ··· · 

t i e s  par t i ti one d by BuOH from 1 , 800 ml ammonium fra c ti on was 86 . 6 1  %. 

9 . 2 . 2 . 3 .  Sephadex LH-2 0  

The elut i on pat tern o f  3H-zeat i n  a n d  unlabelle d c y t okinins 

such a s  6 - (r , r-dime t hylallylamin o ) -purine , d ihydrozeat i n , zeat i n , and 

zeat in-riboside in  S ephadex LH-20 eluted with 95 % EtOR with 0 . 00 1  M 

HCl i s  given in Tab le 1 3 .  

The 6 - (r , t -dime thylallylamino ) -puri ne and dihydrozeatin peaks 

over lapped  while the peaks of zeatin and d ihydrozeatin were almost 

s e parate d .  That is t he peak of dihydr ozea t i n  o c c urre d at  the 2 1 st 

frac t i on , whereas t hat  o f  zeatin showed at  the  24th fra c t i o n .  



\.0 \.0 " 
No . of 

fra c t ion 

(5 a l l  

I 
1 
2 
3 
" 
5 
6 
7 
8 
9 
1 0  
1 1  
1 2  
1 3  
1 lt  
1 5  
16 
1 ?  
1 8  
1 9  
2 0  
2 1  
22 
23 
2'+ 
25 
26 
27 
28 
2 9  
30 
3 1  
32 
33 
34 
35 
36 
37 
38 
39 
40 
'+ 1  
'+2 
43 
"" 

Total 

Table 1 } ,  S.haYiour ot d i ffere n t  cytokinin• i n  Sephadex LH-20 column chro•atography . 

Optical Denaity }&-Zeatin 

DPA 

( 300 ug) 

o . ooo 
o.ooo 
o . ooo 
o . ooo 
o. ooo 
o . ooo 
o . ooo 
o . ooo 
o .ooo 
0 . 000 
0 , 009 
0,010 
0.010 
0 . 010 
0 , 0 1 3  
0 , 0 1 5  
0 , 01lt 
0 , 0 1 8  

:.Oeatin 

( 300 u g )  

o . ooo 
o . ooo 
o . ooo 
O , Ou9 
0 . 0 1 2  
0 , 008 
0 . 009 
0 . 006 
0 , 007 
0 , 024 
0 , 0 1 2  
0 . 007 
0 . 0 1 0  
0 , 009 
0 . 006 
0 , 0 1 3  
0 . 009 
0 . 0 1 1 

< '

·

"'' ' · " '  

0 ,285 0 , 02 0  ' · ' '' �0 . 09) 
1 , 1 50 0 . 32 3  
0 . 3?9 0 . 760 
0. 032 1 . 1 80 
0 .00? o. 790 
o . ooo 0 . 298 
o . ooo 0 . 057 
0 . 000 0 . 0 1 8  
0 . 000 0,01 1 
o . ooo 0 . 009 
o . ooo 0 , 0 1 7  
o . ooo 0 , 009 
o . ooo 0 ,007 
o . ooo 0 . 01 2  
0 , 000 o . oo8 
o . ooo o . oo8 
o . ooo 0 . 007 
o . ooo 0 , 006 
o . ooo 0 , 006 
o . ooo o . oo6 
o .ooo 0 . 006 
o . ooo o . oo6  
o . ooo 0 , 006 
o . ooo 0 . 006 

Dihydro-zea t in Zea t in r iboside Dpm o f  5 ml % recoYery 

( 300 ugl ( 300 ug) fraction 

o . oo8 o . ooo o . o  o . oo  
0 . 007 0 , 038 o . o  o . oo 
0 . 000 0 . 005 o . o  o . oo 
o . ooo 0 , 026 o . o  o . oo 
o . ooo 0 . 022 o . o  o . oo 
0 , 000 0 , 025 1 1 . 1  o . oo 
o . ooo 0 . 022 1 1 . 7 o .oo 
0 , 000 0 . 0 1 8  66 . 7  o . oo 
o . ooo 0 . 020 78 . 1  o . oo 
o . oo8 o .o21t 7lt . '+  o .oo 
0 . 007 0 . 0 1 7  71 , 1  o . oo 
0 , 0 1 3  0 ,0 1 7  6 5 . 8  o . oo 
0 . 0 1 5  0 . 0 1 7  30,lt o.oo 
0 , 0 1 2  0 .0 1 lt  33 · 3  o . oo 
0 . 0 1 3  0 , 0 1 5  3 1 . 2  o . oo 
0 , 0 1 1 0 . 0 1 3  50B . 8  0 , 1 5  
0 , 0 1 6  0 . 0 1 5  5 1 8 . 3  0 . 1 5  
0 , 02 2  0 . 022 1 ,6 70 . 0  0 . 50 
0 , 1lt2 0 . 027 1 , 5 1 5 , 0  0,50 
0 . 588 0 , 0 1 8  1 , 8? 5 . 0  0 . 56 
1 , 020 0 . 0 1 8  2 , 1 1 3 . 3  o . 63 
0 . 940 0 , 020 6 , ooo . o  1 . 78 
0 . 457 0 . 020 55,691 .? 1 6 . 5 1  
0 , 422 0 , 022 1 1 6 , 2 2 3 . 3  34 . lt 5  
0 . 300 0 , 026 95,536 . 7  2 8 . 32 
0 , 29lt 0 . 030 3 1 , 03 5 . 0  9 .20 
o .  1 4 7  0, 030 6 , 355 . 0  1 , 88 
O . Q9lt . Olt6 2 , 8o5 . 0  0 . 83 
0 , 023 0 . 097 2 , 6 1 8 , 3  0 , 7 8  
0 , 0 1 2  o .  1 ? 8  2 , 52 0 , 0  0 . ?5 
0 . 008 0 , 283 2 , 266 . 7  0 .67 
0 . 009 0 , 31t0 2 , 1 8 1 . 7  0 . 6 5  
0 , 009 0 , 3 1 3  2 . 190.0 0.65 
0 . 008 0 , 2 4 1  1 , 367 . 8  O , lt 1  
0 . 009 o. 165 1 , 1 09 . 0  0 . 33 
0 . 007 0 . 089 46lt . 8  0 , 1 lt  
0 , 007 0 , 046 335 . 0  0 . 1 0 
0 . 002 o . o.n 1 84 . 4  0 . 05 
0 . 006 0 . 026 162 . 0  0 . 05 
0 , 002 0 , 0 1 8  1 0 5 . 7  0 .03 
0 , 002 0 , 022 69 . 5  o . oo  
0 , 002 0 . 02? 56 .6 o . oo  
0 , 002 0 , 02 0  30, 3  0 ! 00  
0 . 002 0 , 026 49,4 o.oo 

338 , 032 . 1  

CumulatiYe Dp• o r  

% recoYery e x t ra c t  

� recoYery 

fro• e x t rac t 

0 , 1 5  - - - -���!2- - -�!! -

0 , 30 
0 , 80 
1 . 30 
1 . 86 
2 , lt9 
lt ,27 

20.78 
55 . 2 3  
83 . 55 
92 . ?5 
94 .63 
95 . lt6 
96 .2lt 
96 . 99 �!!1�!2:�--2�!�� 
97 .66 
98 . 3 1  
98 . 96 
99 . 37 
99 .70 
99 . 8 lt  __ 71���;7 _ _ _  �;�7 
99. 9lt 
99 .99 

1 00 , olt  
1 00 . 0? 
1 00 , 07 
1 00 , 0? 
1 00 , 0? 
1 00 . 07 ----��;1 _ _ _  2;!� 

3 1 9 , 71t5 , 0  9't o 77 
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Fig . 1 7 .  3 Paper and thin  layer c hromat ography of H-zeatin . 
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C old zeatin e luted  from the same c olumn gave a similar 

pat tern to 3H-zeat in , 92 . 24 % within 75 ml e luant from t he 1 6th t o  

27th  fra c t i ons . Further fra c t i ons within 45 ml had 5 . 35 % o f  add i t i onal 

rad i oa c t ivity.  The remainder from the 37th t o  the 50th frac t i on exhi b i t e d  

only 0 . 1 5 % in  7 0  ml . 

9 .  2 .  3 .  3H-zeatin i n  paper and thin layer c hromatography 

The behaviour of 3H-zeatin on pape r , c ellulose , DEAE c e llulose , 

and s i li ca ge l GF-254 i s  shown in Fig .  1 7 .  Almost t o tal rec overy was 

obtaine d , but the labe lle d z e a t in was spread over vari ous Rfs e spe c ially 

with  s i lica g e l  GF-254 and pape r .  The paper c hroma t o gram exhib i t e d  

74 . 26 % at Rf 0 . 6 -0 . 8  and 82 . 1 5  % t hrough Rf 0 . 5- 0 . 9 .  In s i l i ca ge l 

GF-254 thin layer c hroma t ography , there were narrow band b e twe e n  Rf 

0 . 5- 0 . 525 under UV light . The band was scrape d off and c ontained 3 . 47  % 

o f  the t o tal radioac tivi t y .  Wi thin Rf 0 . 4- 0 o 6 5  there was 59 . 1 7 % and 

78 . 9  % wi thin Rf 0 . 3-0 . 6 .  On t he other hand DEAE c el lulose and c e llulo s e  

had b e t t e r  c harac terized z ones than those o n  paper and silica  ge l .  

Espe c ially , 94 . 35 % re c overy was found from Rf 0 . 0- 0 . 25 i n  DEAE c e llulose  

deve l ope d by the s olvent sys te m-MAAW . In the c e llulose thin layer 

chromat ogram deve loped by t he s olve n t  sys t em-MAAW , 59 , 86 % of 3H-zeat i n  

was c ounte d  fr om R f  0 . 24-0 . 34 and one part i cular peak was not i c e d  at  R f  

o . 0-0 . 1 0  whi c h  gave 1 7 . 82 % . 

9 . 3 .  Bi oassay t e c hnique s for IAA , ABA , and GAs 

9 . 3 . 1 .  The c omb ination o f  5 mm oat and 1 0  mm wheat c ol e opt i le se c t i ons 

Oat c ole opt ile s e c t i ons are known to be spe c i fi c  to IAA w i t h  

l e s s  interfere n c e  from i nhi b i t or s  -.. tha'r)."'1 �� ·�·.�i;;!)f�,¥t���.;l1"5§�if;���� 
On the o ther hand wheat c oleopt i les  respond markedly t o  inhi b i t ory 

sub s tanc e s  and the ir IAA re sponse may be  masked by inhib i t ors at  the 

same Rf.  A standard calibrat i o n  with single and , c omb i nations o f  oat and 
- 8  -7  whea t  c oleopt i l e s  a t  the  c oncentrations o f  0 . 0 ,  5 x 1 0  M ,  5 x 10  M ,  

5 X 1 0-6M ,  5 X 1 0-5M 4 - 8  4 - 7  4 - 6M IAA , and . 5  x 1 0  M ,  . 5  x 1 0  M ,  . 5  x 1 0  , 

and 5 x 1 0-5M ABA i s  given i n  F i g . 1 8  and Table 1 4  shows the analyses 

of varianc e .  

There i s  almost a linear re sponse - t o  log c onc entrati ons whe ther 

single or c ombi na t i on of oat and wheat c ole opt i le se c t i gns are use d in  

the  test  tubes . A c ombinati on o f  oat  and wheat c ole opt i le se c t i ons i n  the  

same tube  gave n o  interfere nce  t o  the response t o  IAA and ABA i n  a ll 

treatment s , although there was a slight tendency t�a t IAA promoted  oat 

c oleoptile s e c t i ons wi th the ab sence o f  the wheat c oleoptile se c t i o n ,  

whereas ABA inhi b i t e d  wheat c ole optile s e c t i ons slightly  more with the 
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Fig. 1 8 . Standard calibra t i on o f  t he oat and wheat c ole opt i le b i oassays 
e i t her s ingly or c omb ined in the test  tube for the response t o  
IAA and AEA . 



Table 1 4 .  Standard cal ibra t io n  of the o a t  and wheat c o l e o p t i l e  bi oassay s e i t he r  s i � gly or c ombined in t h e  t e s t  t u b e  

for the response t o  !AA and ABA . 

A .  Analyse s of variance of !AA in oat c o l e o p t i l e  and w h e a t  

c o l e o p t ile s e c t ions c a l c u l a t e d  by the 2 x 5 fac t o r ial respe c t i v e l y . 

Treatme n t s  

Repl i c a t ions 

Conc e n t ra t i o n s  
( C o n e ) 

Comb ina t i o n  
( C o m )  

C o n e  x Corn 

Errors 

De gree o f  
free d om 

9 

3 

4 

1 

4 

27 

O a t  c o l e o p t ile 

Mean Square 

4 . 262 

0 . 0937 

9 . 258 

0 . 5 1 7  

0 . 203 

0 , 24466 7  

! AA 

Wheat c o l e o p t i l e  

F rat i o  Mean square F Rat io 

1 7 . 420' ' '  1 4 . 826 1 8 . 336• • •  

0 . 383 1 . 1 9 8  1 . 4 8 1  

3 . 7 8 4 •  32 . 893 4 0 . 6 7 9 ' ' '  

2 . 1 1 3  0 . 1 4 4  0 . 1 78 

0 . 830 0 . 4295 0 . 53 1  

0 . 80859 

C .  Anal y s e s  o f  variance of !AA c a l c u l a t e d  by t h e  randomised 

c omp l e t e  b l o c k  d e si gn .  

! AA 
Source o f  

Single Combi nat ion 
Varia t ion 

D e gree o f  Mean Square F rat io Me a n  square F ra t i o  
freedom 

Treatme n t s  4 3 . 65825 2 5 . 4 1 9  . . .  1 . 867 1 3 . 56 1 7  . . .  

Replic a t i o n s  3 0 . 036 0 . 2 50 0 . 2 36 1 . 7 1 4  

Error s 1 2  0 . 1 4 2 9 1 7  0 . 1 37667 

0 . 00 1 ) P ,  0 . 01 ) P ) 0 . 00 1 , ' •  0 . 05 > P > 0 . 0 1  

B .  Analyses o f  varianc e o f  ABA in o a t  c o l e o p t i le and w h e a t  

c o l e o p t i l e  s e c t ions c al c ulated by the 2 x 5 fac t o rial r e s pe c t i v e l y . 

A b s c i sic a c id 

Oat c o l e o p t ile Wheat c o l e o p t i l e  

Mean Square F R a t i o  Mean Square F ra t i on 

1 . 223 7 . 346 . . .  2 9 . 564 89 . 2 37 ' ' '  

0 . 1 556 0 . 935 0 . 702 2 . 1 1 9  

o .  1 754 1 0 . 533 ' ' . 6 5 . 1 1 4  1 96 . 54 3 '  . .  

0 . 0 1 2 7  0 . 076 2 . 55 1 7 . 700 ' '  

0 . 9951  5 . 97 1 8 • • 0 . 7678 2 . 3 1 8  

0 . 1 6649 0 . 3 3 1 3  

D .  Analyses o f  variance of ABA c a l c u l a t e d  b y  t h e  random i sed 

c omple t e  block d e s ign . 

Single 

Mean square 

37 . 0593 

0 . 82 1 83 

0 . 4 5558 

Ab s c i s i c  a c id 

Comb inat ion 

F Ra t i o  Mean square F ra t i o  

8 1 . 34 5 · · ·  2 3 . 0576 

1 . 803 1 0 . 09733 

0 . 2 3567 

22 . 822 ' ' '  

0 . 4 1 3  

� 
--..J 0 
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absence  of oat c ol e o p t i le se c t i on at the h i gher c oncentrati ons o f  b o t h  

IAA and ABA . 

With oat c ole optile se c t i ons there was no s i gni fi cant 
-8 d i f ference between 5 x 10 M IAA and the c ontrol. However ,  all other 

c oncentrati ons of IAA were s i gnifi cantly d i fferent fr om each o ther at  

the 5 % level of LSD calculat e d  b y  the  randomized c omple te block  d e s i gn 

from the same data , but not  wi th the 2 x 5 fac t orial . W i th whea t  

c o le op t i le sec t i ons f or IAA re sponse the�e were n o  s i gn i f i cant 

d i f ferences  be tween the neare s t  two c onc e n t ra t i ons . 

For ABA b i oa s sa y , oat c ole opt ile  gr owth was inhi b i t e d  b y  ABA . 

However there were no  sensitivity  of log c onc entrati ons in the re sponse 

of oat c ole opt ile s e c t i on t o  ABA . On the other hand whea t  c ole optile  

s e c t i ons exhib i t e d  hi ghly signifi cant gr owth di fferenc e s  be twe e n  4 . 5  x 

1 0- 7M and 4 . 5  x 1 0-6M ABA . There was no s i gn i fi cant di f ference be t we e n  

4 - 8  4 -6 4 - 5  the c ontrol and . 5  x 1 0  M ABA , and betwe e n  . 5  x 1 0  M and . 5  x 1 0  , M 

ABA . 

9 . 3 . 2 o  The dwarf r i c e  s e e dlings and le t tuce  hypoc otyl b i oassay f or 

gibberellins 

9 . 3 . 2 . 1 .  Tan-ginbo zu dwarf rice seedling in the gla s s  tub e s  and 

agar culture medium 

Using glas s  tub e s ,  the results o f  Tan-ginb ozu dwarf r i c e  

b i oa s say ( Martin , 1 971 ) a r e  shown i n  Table 1 5-A and B and F i g .  1 9 . The 
dwarf  r i c e  seedling had no  re sponse to gibbere llin at 0 . 001 ;ug/ml . 

However , a 1 25 . 6  % increase in leaf sheath o c curred a t  0 . 005 ;ug/ml GA3 
c onc entra t i on .  At  a h i gher c oncentra t i on there was a pronounc e d  r e s p onse 

of leaf sheath growth to gibberellin . 

The re sults  using the agar culture medium are given i n  Table 

1 6-A and B .  

A prelimi nary t e s t  indicated tha t the best  volume o f  c ulture 

me dium was 1 . 0 ml o f  2 %  agar and 1 . 0 ml of d i s t illed wat e r  for the 

dwarf r i c e  b i oassay and thi s was therefore u se d .  

The c ole opt i l e  and pri mary roots  were clas s i f i e d  into  three 

group s , A , B ,  and C s e r i e s . As can be  seen i n  Tab le 16  the younger 

s tage s give a b e t ter t o ta l  re sponse to  gibbe r e llin.  A and B serie s  

gave a similar re spons e , although there was a slight increase i n  

s e ns i t ivity t o  gibberellin at  0 . 005 ;ug/ml i n  t h e  A serie s . 

The data be twe e n  the results of glas s  tubes  and agar medium 

c ould not be  dire c tly c ompare d ,  be cause they were carr i e d  out at  

d i fferent t ime s but the dwarf r i c e  seedling b i oassay using glass t ub e s  

s e e ms t o  b e  more sens i tive  ( See  Tab le 1 5-A and B )  although the agar 7 
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Table 1 5 ,  CoaparieoD of dwarf rice aeedliDge at d i ! !ereDt concentratioD 

of G4} iD the glaae tubea and agar culture mediua. 

A .  Metbod o !  culture aediua 

CoDceDtratioD o! gibberellic acid 
Method o f  

c u l t ure aediua 

Glau tube 

Agar cul hare 
••diu m 

o.o 

1 00 

( 6 .68) 

100 

( 10 , 0 )  

0,001 

102 , 25 

( 6 . 8 } )  

10} . 50 

( 1 0 . } 5 )  

0.005 0 .05 

�� per aillilitre 

125.60 

( 8 ,}9) 

1 1 } .50 

( 1 1 .}5)  

156 . 70 

( 1 0 . 4 7 )  

1 4 1 , 1 0 

( 1 4 . 1 1 )  

1 .  Values are •••ne o f  four replication s .  

0 , 5  

2 1 0 ,0} 

( 1 4 . 0} )  

2 1 4 . 80 

( 2 1 . 4 8 )  

Mean a 

1 }8. 92 

( 9 . 28) 

1 }4 . 58 

( 1 } , 4 6 )  

2 .  Nuaber i D  parantheeia indicates a length o f  firet eheath o! dwarf 
r1oe eeedlinge iD .. .  

} . Valuee withiD a aolid uDderline are not eigDificaDtly d i ! !ereDt at the 
5� level ( L . S . D . ) .  

R 5  Analyaia o f  Yarianc e .  

Source o f  
Degree s Sua 

variation 
or o !  Mean square F Ratio 

Freedom Square a 

Treatment a 9 70 , 1 1 0 . 8041 7, 790 .0982 4 5 7 . 0227 " "  

Replications } 1 }4 . 8201 44 .9400 2 . 6}65 

Method o! 
culture ( M )  1 187 .229} 1 87 . 229} 10 .9842 ° 0 0  

Concentrat ion ( C )  4 69 ,272 . 1 704 1 7 , } 1 8 . 0426 1 , 016 .0010 · · ·  

M X c 4 162.851 1 1 62 . 8 5 1 1  9 o 5540' 0 0  

Error 27 460.2243 17 . 045} . 

0 , 001 > p • •  = 0 .01 > p > 0.001 • • 0 .05 > P> 0,01 

L S D ;  5 %  lnal 

100 

.) P· 
0.0 0.0011 0.011 

GA3 

• 
• 

e Gloa 1 t ube 
8 Ag o r  "'od i u m  

O.II USI/mf 

Fig. 19, Coaparieon o !  dwarf rice aeedlinge at a d i f ferent cooceotration 

o f  GA3 in the glaes tubes and agar culture •ediu• • 
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Table 1 6 .  Comparison o f  dwar f r i c e  see d l ings f o r  t h e i r  re sponse t o  

d i f fe re n t  c o n c en t rat ion s o f  GA3 und e r  d i ffe rent growth 

c on d i t ions ( mm ) 

A .  D i f fe r e n t  grow t h c o nd i t io n s  o f  dwarf seed lings . 

Growt h 

C o n d i t i o n s  

C on c e n t r a t i o n s  o f  gibbere l l ic a c id 

o . o  0 . 00 1  0 . 005 0 . 05 

).lg per mi l l i l i t re 

A s e r ie s 1 0 . 00 1 0 . 35 1 1 . 35 1 4 . 1 0  2 1 . 4 8  

C =  1 . 5 5  + 0 . 07 

R= 2 . 2 3  !: 0 . 1 6  ( 1 00 )  ( 1 03 . 5 )  ( 1 1 3 . 5 )  ( 1 4 1 . 1 )  ( 2 1 4 . 8 )  

B s e r ie s 1 0 . 1 8  1 0 . 38 1 1 . 07 1 4 . 73 2 1 . 4 1  

C =  2 . 1 9:!;
' 0 . 05 8  

R= 7 - 57:!; 0 . 3 7  ( 1 00) ( 1 0 1 . 96 )  ( 1 08 . 7 )  ( 1 4 4 . 7 )  ( 2 1 0 . 3 )  

c serie s 1 0 . 1 8  1 0 . 85 1 0 . 93 1 3 . 34 1 8 . 6 7  

C =  4 . 3  !: 0 . 6 1  

R= 1 2 . 7  + 2 . 46 ( 1 00 ) ( 1 06 . 58 )  ( 1 07 . 3 7 )  ( 1 3 1 . 04 )  ( 1 83 . 4 )  
-

1 • Numbe r  in p a rant hesis ind i c a t e s  p e r c e n tage w i t h  c o nt rol . 

2 .  Value s w i t hin a solid und e r l ine are no t signi fie an t l y  d i f fe rent 

t he 5% l e ve l .  

3 .  A b b re vi a t ion s : c C o le o p t i l e  l e n gt h ,  R Ro o t  len g t h . 

B .  Analyse s o f  varianc e .  

a t  

S o u r c e  o f  variat ion 

Degre e s  

o f  
Fre e d om 

S u m  o _  Square s Mean Square F Ratio 

Main plo t s :  

Mea n s  

1 3 . 46 

1 3 . 55 

1 2 . 79 

Grow t h  c ondi t ions ( GC ) 2 6 . 7 6 1  3 . 3805 1 3 . 4396 • • •  

Re p l i c a t ions 3 0 . 0858 0 . 0286 0 . 1 1 37 

Main p l o t  e r r o r  6 1 .  5092 0 . 2 5 1 53 

Sub p l o t s :  

Conc e n t r a t i o n s  ( Con_s) 4 908 . 6 9  227 . 1 72 5  4320 . 5 1 1 6 • • •  

Cone x GC 8 2 0 . 2 3 1  2 . 52 8 9  48 . 096• • •  

Sub - p l o t  e rr o r  36 1 . 893 0 . 052 58 

• • •  0 . 00 1  > P ,  • • 0 . 01 > P > 0 . 00 1 , • = 0 . 05 > P > 0 . 01 
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9 . 3 . 2 . 2 .  C o mpar i son of d i f ferent lettuce var ie t i e s  for use in the 

l e t tuc e hypoco tyl b i oassay for gibberellins 

The r e sponse t o  gibbere llin of the le t tuc e hyp o c otyl length 

in four varie t i e s  i s  pre sente d i n  F i g .  20 and an analys i s  of  variance 

o f  the data in Table 1 7 . 

F our l e t tuce vari e t i e s  Arc t i c , Arc t i c King , Gre e n  Mi gnone t t e , 

and But tercrunch were screened pre limi narily from other l e t tuce 
var i e t i e s  su ch as  Webbs Wonde rful , Neapolitan ,  Great Lake s ,  T om Thumb , 

But ter Head , I mperial Summer-847 , Mignonette , and Triumph . 

From Tab le 1 7  and Fig . 2 0 , i t  can be  seen that i n  t e rms o f  

sens i t ivity and l i near i ty Arc t i c  gave t he b e s t  re sponse for  u s e  in a 

b i oassay ; the response was s tat i s t i cally s i gnificant a t  0 . 00 1 ;ug and 

linear betwe e n  0 . 001 and 1 . 0 �g .  

9 . 4 .  Endogenous p lant hormone s in apple leave s 

9 . 4 . 1 .  IAA- and ABA-like sub stance s  i n  apple leaves 

The apple leave s taken on 1 2t h  November in 1 972 were extra c t e d  

b y  t h e  method shown in Tab le 6 .  The ethyl a c e tate phase was init ially 

pur i f i e d  by s olve n t  par t i t i on and Sephadex G - 1 0  chromatography . 

A por t i on of  each fra c t i on from t he system A silica ge l- c e l i t e  c olumn 

was then b i oa ssaye d .  The remainder poole d and then sub j e c t e d  t o  c e llulose 

TLC pri or t o  b i oas say . 

9 . 4 . 1 . 1 .  IAA - l ike sub stan c e s  

Thre e  levels of c oncentra t i on equivalent t o  0 . 2 , 1 . 0 and 2 . 0  

gram dry we ight o f  leave s from each frac t i on ( Fi g .  2 1 -A , B , and C 

re spe c tively) and the ' A ' frac t i on e lu t e d  by the system  A s i l i c a  gel 

c olumn ( See  8 . 4 . 1 . 2 . 1  ) were b i oassaye d with the c ombi n e d  oat whea t  

c ol e op t i le se c t i on s . In Figure 2 1 , a shaded area for o a t  c ol e optile  

e l onga t i on and dot t e d  area for wheat c ole opt i le elonga t i on e xhibi t e d  

a s i gnifi cant promo t i on or inhib i t i on o f  c ole optile length a t  t he 5 % 

leve l .  The aliquot e quivale nt t o  2 gram o f  leaf ext rac t c le arly promot e d  

o a t  c o le optile se c t i ons at the fra c t i on numb e r  1 3 ,  1 4 ,  a n d  1 5 ,  the 

same fract ions whe r e 1 4c-IAA had been  shown to occur , as s hown in Fig .  

2 1 -C 1 ( Se e  als o Tab le 8 ) . The aliquot e quivale nt t o  0 . 2  g o f  dry we i ght 

of leaf sample exhi b ited  many peaks as  shade d 

extens i on in t he fra c t i ons whe re most 1 4c - IAA 
1 4  few o f  the frac t i ons where C - IAA was e luted  

areas from oat  c ole opt ile  

was elut e d ,  although a 

did not pr omote growth 

s i gni f i cantly.  Surpr i singly the aliquot o f  1 . 0 gram dry w e i gh t  did n o t  
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<"""" Table 1 7 .  Coapariaon of different lettuce yarietiea for uae in the lettuce 

b1POCOt)'l biO& .. &)' for Sibberellica (aa in lenst h ) ,  

A .  Coapariaon o f  ••rietiea 

Concentration& o f  GA3 Pl/•1 
-------------

Variotioa 0 0 . 001 0 , 0 1  0 , 1  1 ,0 !loan 

Arctic 9 . 1  9 . 9  1 3 . 3  1 6 , 4  2 1 . 1  1 } .96 

( 100) ( 108 , 8 )  ( 1 46 . 2 )  ( 1 80 . 2 )  ( 2 } 1  .9) 

Arctic Kills 10.6} 1 1 . 1  1 1 ,8? 1 4 , 8? 220 1 } .69 

( 100) (104.4) (126.2) ( 1 58 . 1 )  ( 1 8 8 . 2 )  

Green Maga.onette 1 1 . 1 3  1 2 . 07 1 2 .97 1 5 , 4  1 8 . 77 1 4 ,07 

( 1 00 )  ( 10 8 . 5 )  ( 1 1 6 . 5 )  ( 1 }8 . 4 )  ( 16 8 . 6 )  

Butter Crunch 6 . ?  6.$ ?.} 1 0 . 7  1 ? . 8  9 . 8 1  

( 1 00) ( 96 . 1 4 )  ( 108.9) ( 1 59 . 4 )  ( 26 4 . 5 )  

a )  Nuabera i n  parantheaia indicates percentage w i t h  control o r  length o f  eeed­
linga, 

b )  Valuaa within a aolid underline aro not eignificantl7 d i f ferent a t  the 5" 
leYel and the Y&luea are aeana of 3 repl icat e s ,  each replicate haa 10 aeed­
lins• in the Yial , 

c )  A teat aolution in tbe •iala ••• 1 e1 o! buffer solution at pH 6 . 5 .  

B .  Analyaia of ••riance . 

Degree a Su11 
Source o f  o f  or Mean Square F Ratio 
Variation Freedoe Square a 

Replication• 2 0 . 096} 0 , 0482 0 . 1}8 

Treataenta 19 1 05 1 .21 55.}268 158.81t8 • • . 

Varie tioa ( V )  } 189.607 6 } . 2024 1 8 1 . 460 . . .  

Concentration ( C )  4 8 1 9 .2}}} 204 .808} 588.204• . .  

V X C 1 2  4 2 . }694 } . 5}08 1 0 . 1}7• . .  

Error }8 1 } ,2}7 0 . }48} 

1 )  • • • =  0.001 > P, • • : 0.01 > P > 0.001 , • = 0 . 05 > P > 0.01 , + z 0 . 1 > P > 0.05 

= P> 0 , 1  

� l  all� 

11 0 0  

1 11 0  

l OO  

L S D ;  5 �  Level 

0 • Arc t i c  

0 Arctic K i ng 

• Gr"n Mognonet te 

0 Butter C runch 

o.o 0.0 0 1  0.0 1 0.1 1 .0 ug /ml 

G A3 

Fig. 20. Comparison of the lettuce b i oasEay at d i f ferent 

concentr�tl.ons of GA3 beh;een different va r i e t i e s .  
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Table 1 8 .  Est imation o f  IAA� and ABA- like sub stanc e s  from 

silica gel - c e l i t e  c olumn as ug equivalent s .  

I AA ( u g )  Oat ( O ) •  ABA ( u g )  Wheat ( W ) •  

N o .  o f  fra c t ion Dry mat t e r  ( g )  Dry mat ter ( g )  

1 

2 

3 

4 
5 

6 

7 

8 

9 

1 0  

1 1  

1 2  

1 3  

1 4  

1 5  

1 6  

1 7  

1 8  

1 9 

20 

2 1  

22 

23 

To t al 

0 . 2  

0 . 0525 

0 . 0653 

0 . 1 3 1 3  

0 . 0653 

0 . 0875 

0 . 1 3 1 3  

0 . 0625 

0 . 06 1 3  

0 . 657 

1 . o  

0 . 0653 

0 . 1 1 7 8  

2 . 0 0 . 2  

0 . 06 53 

0 . 06 1 3  

0 . 0569 ( W )  -
0 . 052 5 ( W )  -

1 . o  2 . 0 

o . o4 ( o )  

0 . 25 ( 0 )  0 . 055 ( 0 )  

0 . 0875 

0 . 52 5  

0 . 06 1 3  

0 . 25 

0 . 075 ( 0 )  0 . 0 1 5  

0 . 01 

0 . 1 1 5 0 . 080 

• The e s timat e d value s are d e rived from t he single c hromato gram from each 

f rac t ion e lu t e d  t he silica gel A system up to the 23rd fra c t ion and a 

sign i fi cance from t he standard c a l i brat ion of t �e c ombination o f  oat 

and w he a t  coleoptile se c t ion for I AA and ABA . 
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F i g .  2 1 . The ac t ivi t i P s  of  IAA and ABA -like sub s tanc e s  in 

t he apple leave s after  silica  ge l-c e l i t e  c olumn 

and c e llulose thin laye r c hr oma t ography . 

A ,  B ,  and C i n  Fi gure 2 1  indicate c ole opt i le 

le ngt h ln t he fra c t i ons e lu te d  from the sys te m  A 

s i l i c a  gel- c e l i te c olumn . 

D ,  E ,  and F i n  F i gure indi cate i t s  gr owth from 

c e llulose thin  l a yer chromat ogram in the pooled 

A frac t i on ( 250 ml ) elut e d  fr om the c olumn . 

A s ol i d  line represents oat c oleop t i le s e c t i on 

an d a dotted line , wheat c ole opt i le se c t i on . 

A = D 

B = E 

C = F 

0 . 2 gram dry we i ght leaf sample 

1 . 0 gram dry we i ght leaf sample 

2 . 0  gram dry we i ght leaf sample 

A shade d area f or oat c ole opt i le e longa t i on or 

a d o t t e d  area for wheat c o leopti le length indicates 

a s i gni ficanc e a t  the 5% level of LSD from the 

s tandard cal ib ra t i on . 

F i g . 2 1 -C1 i s  derived from Table 8 i n  whi c h  1 4c ­
IAA was frac t i onat e d . 
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F i g .  2 1 . The activ i t ie s  o f  IAA and ABA-like sub sta�ce s  in the apple 

leave s. after s i li ca ge l-celite c olumn and c e llulose  

thin layer chr omat ography. 



show an a c tive promot i on o f  c ol e optile s e c t i ons as c o mpared with the 

aliquots o f  0 . 2  gram and 2 . 0  gram dry we i ght . Thi s  re sult may be a 

phenomena o f  c ounterac t i on b e twee n  inhi b i t ors and promoters in the same 

fra c t i on .  This i s  an i dea wh ich  is supported by the re sults  for the 2 . 0  g 

sample in whic h  oat c ole opt ile growth was greatly promo t e d  at the 1 3th 

fra c t i on ,  while  the wheat c oleopt ile gr owth was greatly inhibi te d .  

The unknown stimulative c omponents  at the 6 t h  t o  1 0th frac t i on 

may be  a c ompound sli ghtly more polar than IAA if the re sponse was not 

due to IAA . The results were that some highly promotive sub s tanc e s  

i ncreased oat c oleoptile se c ti ons a t  the 6th and 8th fra c t i ons with the 

aliquot c ontaining 2 gram dry we i ght o f  leaf sample s .  The 7th with  t he 

aliquot c ontaining 1 . 0 gram reveale d i t s  promotive a c t i v i t y  and the 9th 

and 1 0th fra c t i ons with the aliquot c ontaining 0 . 2  gram dry we i ght . 

The quant itative e s tima t i on o f  promoters and i nhibitors 

d e t e c te d  by oat  and wheat c oleoptile s e c t i ons for  the 1 st - 23rd fra c t i on 

i s  given i n  Table 1 8 . Beyond the 23rd fra c t i ons in F ig . 2 1 -A , B ,  and C ,  
there were several ye llow gree nish c ompone nt s which caused great 

i nhibi ti on .  The s e  inhib i t ory c omponents are not cons i dered  in the 

present stud ie s .  

From the 1 st t o  the 23rd frac t i on the estima t i on o f  IAA- l ike 

sub stanc es with  0 . 2  gram dry we i ght was 0 . 657 /Ug equivalents whi c h  was 

7 t ime s higher , we i ght for we ight , than that for 2 . 0 gram dry we i ght . On 

t he other hand the ali quot equivalent to 1 . 0 gram dry we i ght c onta ined 

o nly 0 . 1 1 7 /Ug .  

The first  250 ml o f  eluant , whi ch was fre e  from most o f  the 

i nhib i t ory gre e n i sh ye l low pigments e luted  from the 24th to the 47th 

frac t i on thr ough the system A silica gel c olumn , was c hr omat o8raph e d  on 

c e llulose thin layer plate s .  The results are shown in F i g .
' 2 1 -D , E ,  and F .  

IAA-like subs tanc e s , de t e c ted with the oat c ole opt i le s e c t i ons a t  t he 

same Rf as the IAA marker , were found i n  the 0 . 2  and 2 . 0  gram dry w e i ght 

sample s ,  but not in the 1 . 0 gram dry we i ght sample . From thin layer 

c hromat ography , the est ima t i on of IAA-like substanc e s  was almost 1 0  x 

l e s s  in the a l i quot  equ ivalent t o  0 . 2  gram dry we ight c ompared t o  the 

2 . 0 g sample a s  w ould be expe c te d .  The figures were 0 . 0875 and 0 . 6 1 6 9 )Ug 

r e spe c t ively.  

IAA-like sub s tanc e s  dete c t e d  b y  wheat c oleopt ile s e c t i ons wer e  

f ound i n  the p os i t i on o f  IAA marker w i th the aliquot c ontaining 1 . 0 and 

2 . 0  gram �y w e i ght , but not with that of 0 . 2  gram dry we i ght , 

r epresenting 0 . 0743 1 5/Ug and 0 . 6 1 69 ug e quivalents respe c t ively.  

Espec ially IAA- like sub s tanc e s  at Rf IAA pos i t i on est ima t e d  by oat and 

wheat c oleoptile in the aliquot equivalent to 2 . 0  gram dry we i ght was 



F i g .  22 . C e llulos e TLC of gibbe re llin-like sub stance s  i n  

apple l eaves be fore and after eluting from the 

s ystem A silica ge l-ce l i te c olumn . 
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The pooled  fra c t i ons e lu t e d  from the c o lumn are 

chroma t o graphed on c e llul o se thin laye r as follows 

( The solvent system MAAW ) :  

A frac t i on (A 1 and A2 ) = 1 -25 frac t i on ( 250 ml ) 

B fre.ct i on ( B 1 and B2 ) = 26-35 frac t i on ( 1 00 ml ) 

c frac t i on ( C 1 and C 2 ) = 36-45 frac t i on ( 1 00 ml ) 

D frac t i on ( D1 and D2 ) = 46-53 frac t i on ( 80 ml ) 

Tan- ginb o zu dwarf r i c e  b i oassay was used wi th agar 
cultu re medium . 

E1 ' E2 ' and E3 in Figure are der ived from the fra c t i on 

eluted  from Sephadex G - 1 0  c o lumn ( See M- 1 t o  S - 1 9 i n  

Table 6 ) . 

E 1 = o g  1 gram dry we i ght leaf sample 

E2 = 0 . 5  gram dry we i ght leaf sample 

E3 = 1 . 0 gram dry we i gh t  l ea f  sample 

The dwarf r i c e b i oassay in E was used wi th glass t ub e s . 

The shade d area repre sents a s i gnificance a t  the 5% level 

of LSD from the standard calibrat i on . 
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nearly quan t i tat ive ly i de n t i cal . The mean of the IAA- like sub s tance from 

the different aliquot in Tab le 1 8  was 1 , 2 85 . 9�g/kg dry we i ght o f  leaf 

sample from the silica ge l c olumn c hroma t ography , and 3 73 . 0  ug/kg from 
the c e llulose thin layer c hromatography in Fig.  2 1 -D and F.  

9 . 4 . 1 . 2 .  ABA-like sub s tanc es 

An a t tempt was made to de t e c t  by GLC authe n t i c  ABA e lu t e d  

f r o m  t h e  sys t e m  A s i lica ge l c olumn b u t  the result s  were unc lear . 

However peaks at the same r e t e nt i on t ime o f  ABA i n  GLC c ould o c c ur 

at the 6 t h- 1 0th fractions and not in the 1 1 th- 1 2 th fra c t i ons whi c h  

caused c oleopt ile inhibi t i on . One point o f  intere s t  was that the oat 

c ole optile s e c t i ons at the 1 3th frac t i on were not a f fe c te d  by the 

inhi b i t or s  whi c h  reduced t ha growth of the wheat c ole optile s .  Be cause 

the s igni fi cantly promoted growth of oat c ole opt ile s e c t i ons a t  the 

1 3t h , 1 4th and 1 5th frac t i ons c oinc ided with the 1 4c -IAA as shown in 

Fig . 2 1 -C 1 • It would seem t ha t  oats we re mainly affe c t e d  by the promoters  

and wheat by t he i nhibitors . Wi thout c onsideration o f  any c ond i t i ons 

such a s  a pat t ern of elut i on for ABA in the c olumn or c ountera c t i on o f  

IAA-like sub s tance present i n  the same fra c t i on ,  the mean of ABA-like 

sub s tance i n  Table 1 8  was calculated as 46 8 )Ug/kg dry we ight . From 

c e llulose thin layer chroma t ography the aliquot equivalent to 2 . 0  gram 

dry w e i ght of leaf sample was d e t e c t e d  at t he Rf of ABA marker with  the 

wheat c oleoptile and oat b i oassay.  0 . 1 81 5 �g equivalent to ABA-like 

sub s tance was d e t e c ted  at t he Rf of 0 . 4-0 . 6  with the 2 . 0  gram dry we i ght 

o f  leaf extrac t and 0 . 1 1  �g with  the 1 . 0 gram dry we i ght . There fore t he 

mean o f  those two aliquots  was calculated  as 1 00 . 4 )Ug/kg dry we i ght o f  

leaf sample . 

9 . 4 . 2 .  G ibber e llin -like sub s t anc e s  i n  e t hyl ac e t a t e  phase 

The extra c t  was pur i f i e d  us ing the procedure s in Tab le 6 ,  

.M- 1 t o  S-29 but omit ting s t e p s  E-25 t o  S-2 8-A . The re sults obtained 

using aliquots  e quivalent to 0 . 1 , 0 . 5 , and 1 . 0 gram dry we i ght o f  leaf 

sample are shown in Fig. 22-E1 , E2 , and E3 , b i oassaye d w i th dwarf r i c e  

seedling in the glass tube s .  

The l owe st  c oncent ra t i on of dry we ight ( 0 . 1 g )  s i gni fi cantly 

promo t e d  dwarf r i c e  seedling growth at Rf 0 . 536-0 . 6 , the posi t i on where 

ABA , GA4 , and GA7 run . The e s t imated gibbere llins e qu ivalent to GA3 
from the dwarf r i c e  b i oassay was 0 . 005 )Ug on the 0 . 1 gram dry we i ght . 

Howeve r , there was no response a t  this Rf with the h i gher c on c e ntra­

t i ons . No  s t imulat ive sub stanc e  was found in the 0 . 5  gram sample . On 

the o ther hand t he most profound s t imula t i on was found a t  Rf 0 . 0-
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0 . 0667 in the aliquot equivalent t o  1 . 0 gram dry we i ght o f  leaf sample s ,  

representing 0 . 075 u g  e quivalent t o  GA3 • 

, 9 . 4 . 2 . 1 . G ibberellin-like sub s tanc e s  i n  the fra c t i on from the 
s ystem  A silica  ge l - c e l i t e  c olumn 

9 . 4 . 2 . 1 . 1 . Frac t i ons from c o lumn 

After  pur i ficat i on wi th S ephadex G- 1 0  the extra c t  was placed  

on  the silica  ge l-celite  c o lumn and  e luted with a chloro f orm , e t hyl 

ace tate , and me t hanol gradi ent . 

The aliquot s e quivalent t o  1 . 0 and 5 . 0  gram dry we i ght o� leaf 

sample from each of 53 frac t i ons were b i oassayed by the dwarf r i c e  

see dlings using a glass tube and gluc ose  t e s t  with bar l e y  endosperm . 

The act ivi t y  o f  gibberellin-like sub s tanc e s  exhib i te d  as  shade d areas 

at  the LSD of 5 % leve l  is shown in F i g . 23-B1 and B2 • 

An e s t ima t i on o f  gibberellin-like substanc e s  i n  t he 5.3 

fra c t i ons from t he s ilica ge l-celite  c olumn was made i n  Table 1 9  with a 

c ompar ison be twe e n  the endosperm barley t e s t  and the dwarf rice  b i oassay . 

Gibberellins were found i n  the 5 t h  t o  the 1 0t h  frac t i on s  by 

t he dwarf rice  b i oassay bu t not b y  the  e ndosperm barle y b i oassay . The 

e p t i mated amount for 5 . 0  g and 1 . 0 g dry we i ght equivalen t s  was 0 . 007 )lg 

and 0 . 001 5 /Ug re s pe c t ively . Another peak of gibbere llin-like substanc e s  

o c c urred a t  t h e  1 9th and 20th frac t i ons with the aliquot e quivalent t o  

5 � 0 gram but f or t he 1 . 0 gram dry wei ght aliquot only a t  t h e  1 9.th 

frac t i on.  This peak was also de t e c t e d  by the endosperm barley t e s t , 

although the ac t i v i t i e s  f ound were not s i gnificant . The ma j or peaks 

o c curred betwe e n  t he 25th to the 44th fra c t i ons . However ,  there were 

a numb e r  of frac t i ons whi ch i nhib i t e d  the dwarf rice  seedlings or 

barley endosperm . The gibbere llin peaks c ould be  divided i n t o  two 

groups , that  is one that  was not sens i t ive to the barle y e nd osperm t e s t  

a t  t he 25th t o  t he 35th fra c t i on ,  and t h e  other , very a c t ive not only 

in the barle y endosperm b i oassay but also in t he dwarf r i c e  s e e dlings 

at  the 38th t o  t he 44th fra c t i on .  However three frac t i on s  at the 40th 

to the 42nd fra c t i on greatly i nhib i t e d  the dwarf ri c e  s e e dlings with 

the  aliquot e quivalent to 5 . 0  gram dry we i ght , this possibly b e ing due 

to a higher c ontent  of i nhib i t ors e luted  at the same frac t i ons . Two 

peaks at  the 38th and the 40th fra c t i ons revealed greatl� the a c t i v i t y  

o f  gibberellin-like substan c e  wi th the dwar f  r i c e  seedlings using the 

ali quot equivalent to � . 0 gram dry we ight . It was int ere s t ing to n o t i c e  

that s ome kind o f  ye llow greenish coloure d c omponents were e lu t e d  
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Table 'f:j'. ·the .u.g equi•alent to GA} p e r  vu d.r7 weisht o f  apple le•••:a froa t h e  elut1oa of silica sel-celite 

coluane b7 gradient elut1oa •ith different eol•ents uaed. 

nu'lber 

1 
2 
3 
4 
5 
6 

1 7 
1 8 

The •1ete• A ailiea pl 

O.arf rice aeed lillSB Barle,. ead.oapen 

_
1 .. 0 ' 1 .0 . 

0.0025 

0.0025 

9 0.0020 

Dwarf rice aeedli.Ap Barle7 eadoapera 

1 .0 ' }.0 « 1 .0 

10 0.0015 - - - - - -�- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
12 
1} 

1; 
16 '•1 
1 8  

o.o3 
0 . 03 

19 0.001 0.003 0.01?5 ��- - - - - � - - - - - 2·g<'� - - - - - � - - - - - - - - - - � - - - - - 2 ·g2£0_ - - - -:- - - - - - -=- - - - -
22 
2} 
24 
25 
26 
2? 
28 

0 . 0025 
0.0025 

0 . 004  

o.oos 

0.0175 
0.02 

0.0}} 

29 0.0040 0 .004 0.02?5 i�- - - - - � - - - - - �:�k - - - o.�� - - - - - - - - - � - - - - - - � - - - - - -:- - - - - - -:- - - - -
32 0.005 
}} 0.004 
34 0.0045 0.005 
35 0.0035 0.0045 }6 0 . 004 
31 0.006 
38 0.0015 0.004 0.004 
39 0.0022 1 .ooo -��- - - - 2·g1.t - - - - - � - - - - - �:�� - - - - - - - - - : - - - - - - : - - - - - -=- - - - - - -=- - - - -
42 0.005 
43 0.0042 0.015 44 0.002 0.005 
45 
lt6 
4? 

0.0325 

1t8 0.0275 
49 - -��- - - - 2·g1!5_ - - - - � - - - - - - : - - - - - - - - - - � - - - - - - � - - - - - -=- - - - - - -=- - - - -
52 
53 
5lt 
55 
56 
57 
58 

0.025 

59 0.01?5 
60 - - - -
7>1

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -: - - - - - - -: - - - - - --- - - - - - --- - - - -
62 0.0430 
63 
64 0.02 
65 0.045 66 0.035 

0.005 

'67 0.0?5 
68 - 0.020 - 0 . 00152 99 - 0.0375 0.0425 -?�- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - �:��g - - - - -=- - - - - - -:- - - - -
'12 0.0200 
13 
.,.. 
75 ?f 
'ri 
'.'8 

o.ozo 
0.0175 

0.020 

:'9 • 0.0175 - -j!- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - � - - - - - - � - - - - - -:- - - - - - -:- - - - -
83 
84 
85 86 
8? 
88 
89 - - - -��- - - - - - - - - - - - - - - - - - - - - - - - - - - - - o

.
5

2
75- - - - - : - - - - - -=- - - - - - -=- - - - -

;� 0.0200 - - -
94 
95 
96 
97 
98 
99 100 

TOTAL 0.0295 2.5875 0.153 0 . 1 225 0.00152 
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F i g . 23 . Gibberellin-li ke sub stanc e s  in  the frac t i on e lu t e d  

from the s i l i c a  ge l-celite  c o lumn with  di fferent 

s olvent systems i n  the grad ient elu t i o n . 

Figure A represen t s  the s o lvent B s i l i c a  gel- c e li t e  

c olumn elut e d  b y  hexane , die thyl e t he r , e t hyl a c e tate , 

and me thanol . 

A 1  = 1 gram dry we ight leaf sample , using 

gluc ose t e st in  barle y endosperm b i oa s say 

A2 = 5 gram dry we i ght leaf sample 

A3 = 3 gram dry we ight leaf sample 

A4 = 1 gram dry we ight leaf sample 

Tan-ginbozu dwarf r i c e  b i oassay in  A2 was use d with  

glass tubes  and in A3 and A4 , with a gar culture me dium .  

F i gure B r e pre sents  the s olvent A s i l i c a  ge l-c e l i t e  

c olumn elu ted  b y  c hloro form , e thyl a c e tate , and Me OE . 

B1 = 1 gram dry we i ght lea f  sample , using 

gluco se test in  barle y endospe rm b i oa s say 

B2 was b i oassaye d with  the dwar f r i c e  seedlings 

us ing gla s s  t ube s . A dotted line i ndicat e s  1 . 0 
gram dry we i ght leaf sample and a solid line , 

5 gram dry we ight leaf sample 

A shade d area shows a signi ficance  at the 5% level o f  

LSD from t h e  s tandard calibrat i on .  
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s i multane ously w i th the se fra c t i ons . The degree of i n t e ns i t i e s  o f  
c oloured c omponents c o incided w i t h  t hat o f  t he gibbere llin-like 

subs tanc e s .  S ome gibberellin- like substance which might be le s s  polar 

t han the others appeared also at t he 50th frac tion with  b oth the 

aliquots e quivalent to 1 . 0 and 5 . 0 gram dry we ight and the dwarf  r i c e  

b i oa s say b u t  w e r e  n o t  de t e c t e d  by the barley endosperm b i oassay. 

The a c tivities  of gibberellin-like substanc e s  from t he mean 

of 5 gram and 1 . 0 gram dry wei ght of lea f e xtrac t wer e  e s t i mated as 

20 . 24 )Ug/kg dry we ight of leaf sample by the dwarf r i c e  s e e dling 

b i oassay and 2 , 5 87 . 5 )Ug/kg dry we i ght by t he barle y endosperm te s t .  

Thus there s e e ms t o  b e  five di fferent kinds o f  gibberellin- like 

sub stance s  pre se nt in the apple leaves eluted  from the s ystem  A s ilica 

gel-celite  c o lumn . 

9 . 4 . 2 . 1 . 2 .  Ce llulose thin layer chr omatography from the 

pooled frac t i ons of c o lumn 

The p ooled fra c t i ons A ,  B ,  C ,  and D ( See se c t i on 8 . 4 . 1 . 2 . 1 . 2 . ) 

from the sys t e m  A s i l i c a  gel-celite  c o lumn were t e s t e d  b y  c e llulose 

t hi n  laye r c hromat ography us ing the dwarf rice seedl i ng b i oassa y  wi th 

t he agar medium culture . The results were shown in F i g .  22-A1 & 2 , 

B 1 & 2 , c 1 & 2 , and D 1 & 2 , without replications . 

Gibbere llin-like substanc e was detected  at the R f  o f  GA3 
p o s i t ion in the c e llulose thin laye r , repre sent ing 0 . 2  ug with the 

a l i quot e qu ivalent to 5 . 0  gram dry we i ght o f  le af sample s and 0 . 1  ug 

with the a l i quot  of 1 . 0 gram dry we i gh t  at  the same R f  p os i t i on i n  

F i g . 22-C1 & 2 • With other frac t i ons t here were not c lear t o  show an 

a c t i vity o f  g ibberellin-like substanc e s . 

9 . 4 . 2 . 2 .  Gibbere llin-like substanc e s  from the s ys t e m  B silica  gel­

c e li t e  c olumn e lute d  by hexane , die thyl e ther , e thyl 

a c e tate , and methanol 

The s ys tem B silica  gel - c e li t e  c olumn was e xa c t l y  t he same 

m ixture of s i l i c a  gel and c e li te as  used  i n  the system A but  the s o lvent 

s ystem was change d to  hexane , die thyl e ther , ethyl a c e t a te , and me thanol . 

Thi s was only one of t he pre liminary e xperiment to s e e  whe ther the 

s olvent sys t e m  B may give a be tter separa t i on of ac i d i c  plant hormone s .  

Therefore de taile d s tudies we re n o t  a t t empt e d  t o  eluc i da t e  t he 

b e havi our o f  authe ntic  plant hormone s i n  the c olumn b y  t h i s  s olvent 

s yst e m .  · 



The aliquot  equivale nt t o  1 5  gram of lyoph i l i z e d  leaf sample 

was frac t i onat e d  by the system B solvent . The aliquots  e quivalent t o  

1 . 0 ,  3 . 0 ,  and 5 . 0  g dry we ight o f  leaf sample from the f i r s t  1 00 

fra c t i ons eluted  from the c olumn were b i oa ssaye d by the dwarf r i c e  

see dling using 1 ml of 2 % agar culture me d ium with 1 ml o f  d i st illed 

wa t e r  except for the aliquot equivalent to 5 . 0  gram dry we i gh t , in whi c h  

gla s s  tubes we re use d . The fra c t i ons wer e  also bioassaye d  w i t h  the 

barle y endosperm gluc ose test , using 1 ml for the glucose  t e s t  from 

the 4 ml of the d i luted  i ncuba\ft t�n.�l 

The r e s ul t s  obtained from each f raction are shown in Fig . 23 -

A1 , A2 , A3 , and A4 • The e stima t i ons o f  gibbere llin-like sub stance s  

equ ivalent t o  GA3 are given i n  Tab le 1 9 .  

Of the 1 00 fra c t i ons from the systems B silica  gel- c e li t e  

c o lumn the aliquot with 3 . 0  gram dry we i gh t  exhib i t e d  more s i gnificant 

peaks c ompared to the aliquot s  with 1 . 0 and 5 . 0  gram dry we i gh t . rhe 

ali quot equivalent to 3 . 0  gram dry we igh t  leaf sample ( F i g  23-A3 ) ,  gave 

three  areas whi c h  s i gnifi can tly promot e d  d warf rice seedl ings . However , 

the aliquot e quivalent t o  1 . 0 gram dry we i ght did not st imulate the 

dwarf rice  see dlings to i ndicate  the pre sence of GA-like sub stance s  i n  
'the frac t i ons . The aliquot equivalent t o  the 5 . 0  gram d r y  wei ght sample 

gave only one area from t he 65th to t he 68th frac t i ons , possi b ly 

b e c ause of inhi b i t ory mat erials . Possibly areas of lesser i nhib i t ion  

in the 5 . 0  gram sample c o inc ided with areas  of gibberellin a c t iv i t y  in 

the 3 . 0  gram sample , while  the 1 . 0 gram sample showed activi t y  at  t he 

91 s t  and 92nd frac t i o n .  Thus possibly four areas o f  gibberellin  a c t ivity 

are  pre sent � Se e  Tab le 1 9 ) .  

9 . 4 . 3 .  Cyt okinin- l ike sub stance s  o f  apple leave s from S e phad e x  LH-20 

and DEAE c e llulose thin layer chromat ography 

9 . 4 . 3 . 1 .  On Sephadex LH-20 c olumn c hr omatography 

The aque ous frac ti on after extra c t i on by e t hyl a c e t a t e  at 

pH 2 . 5  was alkalized to pH 8 . 3  and e xtra c t e d  with butanol saturat e d  

with 0 . 1  M phosphate  buffer.  The butanol frac t i on was e luted  wi t h  0 . 1  M 

phosphate buffer thr ough Sephadex G - 1 0 .  The frac t i on e lu t e d  from the 

Sephadex G - 1 0 was again par t i t i one d w i t h  95 % e t hanol ( 0 . 00 1  M HCl )  

through the Se phadex LH-20 . Eac h  frac t i on e quivalent t o- 1 . 0 and 5 . 0  

gram dry we igh t  o f  l�af sample was c ompar e d  with the LSD a t  the 5 % 

level from zeatin standard calibrat i on ( O . O ,  0 . 003 , 0 . 03 ,  0 . 3 ,  and 3 . 0  

/Ug/ml wi th four repl i cat i ons ) .  The re sults o f  chromatograms and the 

e s timation o f  c yt okinin-like substanc e s  are given i n  Fig . 2 4 -E and Table 

20 . 
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using the radish cotyledon bioassay and purification by 

Sephade x  LH-20 and DEAE cellulose chromatography ( �g ) . 

N o .  o f  

fraction 

16 
1 7  
1 8  
1 9  
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 
30 
31  
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1  
42 
43 

Sub-total 

44 
45 
46 
47 
48 
49 
50 
51  
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 

Sub-total 

64 
65 
66 
67 
68 
69 
70 
71  
72 
73 
74 
75 
76 
7 7  
78 

Sub-total 

7 9  
S o  
8 1  
8 2  
8 3  
84 
85 

Sub-total 

Fractions o f  Sephadex LH-20 

Dry we ight (g) 

DEAE cellulose thin layer 

Dry weight (g) 

1 . 0 5 . 0  R f .  

0 . 1 05 
0 . 04 5  
o . o6 

o . o6 
o . o4 
0 . 1 6 5  

0 . 075 

0 . 06 

0 . 2 1 0  

0 . 06 

0 .04 

0 . 1 99 

0 . 054 
0 . 03 

0 . 2 4 
0 . 12 
0 . 06 
0 . 045 

0 . 075 
o . o  

0 . 1 35 0 . 0-0 . 1  

0 . 1 2  

0 . 1 -0 . 2  

0 .2-0 . 3  

0 . 3- 0 . 4  

0 . 4- 0 . 5  

0 . 24 0 . 5- 0 . 6  

0 . 6-0.7 

0 . 06 0 . 7 - 0 . 8  

0 . 8 - 0 . 9  

0 . 9- 1 . 0  

0 . 630 

0 . 04 

o . o45 o . o-o . o  
o . o-o . 1  

0 . 09 0 . 1 -0 . 2  
0 . 2 - 0 . 3  
0 . 3- 0 . 4  

0 . 09 0 . 4 - 0 . 5  
0 . 5- 0 . 6  
0 . 6-0 . 7  
0 . 7 -0 . 8  

o . 045 o . 8 - o . 9  
0 . 9- 1 . 0  

0 . 1 2  

0 . 43 

0 . 075 
0 . 0- 0 . () 

0 . 1 8  0 . 0-0 . 1  
0 . 1 5  0 . 1 - 0 . 2  
0 . 105 0 . 2-0 .3 
0 . 1 95 0 . 3-0 . 4  

0 . 4-0. 5 
0 . 3 1  0 . 5- 0 . 6  
0 . 1 8  0 . 6 - 0 . 7  
0 . 1 35 0 . 7 - 0 . 8  
0 . 1 3 5  o . B - 0 . 9  
0 . 1 2 0 . 9- 1 . 0 

0 . 105 

1 . 6 9  

4 . 50 
0 . 045 
0 . 045 0 . 0-0.0 
0 . 1 6 5  0 . 0-0 . 1  

0 . 1 -0 . 2  
0 . 045 0 . 2 - 0 . 3  
0 . 2 7  0 . 3-0 . 4  

0 . 4 - 0 . 5  
0 . 5- 0 . 6  
0 . 6- 0 . 7  
0 . 7- 0 . 8  
0 . 8-019 
0 . 9- 1 . 0  

0 . 5  1 .0 5 . 0  

Pooled fractions from the 
16th to 43rd fraction 

0 . 02 1  0 . 255 

0 .0225 0 . 04 

0 . 0255 0.024 

0 . 075 

0 . 027 

0 . 0195 0 . 0225 

0 . 0225 0 . 0195 

0 . 021 

0 .234 0.0435 0 . 3 1 7 5  

Pooled frac t i o n s  from the 
44th to the 63rd fraction 

0 . 073 

Pooled fractions 
64th to t he 78th 

0 . 0195 
0 . 0 1 95 0 . 0225 
0 .024 

0 . 0225 
0 . 04 

0 .0165 0 . 0225 
0 . 1 2  

0 . 06 0 . 247 

Pooled fractions 
79th to the 85th 

0 . 0 1 8  

0 . 035 
0 . 0 1 5  0 . 0225 

0 . 02 5 5  

0 . 1 5  
0 . 075 
0 . 0235 

0 . 2 535 

from the 
fraction 

from the 
frac tion 

0 . 09 
0 . 09 
0 . 035 
0 . 035 
0 . 035 
o . o4 
0 . 01 9 5  
0 . 0255 
0 . 0 1 8  

0 . 1 5  

0 . 0585 0 . 0575 0 . 538 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -

Total 7 . 82 0 . 4255 0 . 3480 1 . 1 09 



Fig . 24 . Cyt oki nin-like a c t ivi t ie s after Sephadex LH-20 

c olumn and DEAE c e llulose t hi n  layer c hromat ography 

as de t e c t e d  by t he radi sh c otyledon b i oassay . 

The pooled fra c t i ons e luted  from Sephadex LH-20 

are as follows : 

A frac t i on = 1 6-43rd fra c t i on ( 1 40 ml ) 

B frac t i on = 44-63rd fra c t i on ( 1 00 ml ) 

c frac t i on = 64- 78th fra c t i o n  ( 75 ml ) 

D frac t i o n  = 79-85th fra c t i on ( 35 m l )  

The poole d  fra c t i ons were c hromatographed on  DEAE 

c e llulos e thin  layer wi t h  the solve nt  s ys t e m  MAAW . 

Each 5 ml fra c t i on elut e d  Sephadex LH-20 c olumn was 

b i oassaye d . A s ol i d  line i ndicates one gram dry 

we ight lea f  sample , and a dotted  line 5 gram dry 

wei ght le a f  sample . The c yt okinin ac t i v i t y  was 

d ivided i n t o  s i x  groups f or c onvenient  re ferenc e .  

A shaded or  d o t t e d  area indicates  a s igni f i canc e 

at the 5% lev e l  o f  LSD from the standard c alibrat i on . 
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The cyt okinins ac t iv i t y  c ould be  divided into  s ix groups for 

c onvenient  re ferenc e ,  Group 1 at  t he 1 9 th-30th , Group II at the 3 1 st -

36th , Gr oup I l l  a t  the 4 1 st-45th , Group IV at  the 4�th-57th , Gr oup V 

at the 6 3rd-76 th , and Group V I  at  the 79th-85th fra c t i ons . 
3H-zeatin and c old zeatin  were e luted at  the 22nd-27th 

fra c t i ons from the Sephadex LH-20 as shown in Fig . 24 -E 1 and Table 1 3 . 

However ,  there was no promo t i on o f  radi sh c otyle don growth i n  the se 

fra c t i on s  i n  Group I except  at the 1 9th and 22nd frac t i ons (Fig . i24-E ) . 

I t  seems l ike ly that unknown inhi b i t ors are present in the 23rd t o  the 

29th fra c t i ons where the most of 3H-zea t in was elute d .  Espe c ially 

marke d i nhib i t ion o f  the radi sh c ot yledon was shown a t  the 25th frac t ion , 

in whic h  much of the 3H-zea t i n  was e lut e d  ( Fi g .  24-E1 ) .  In fac t ,  

6 - (r , r - dime thyl allylamino ) pur ine and d i hydr ozeatin peake d at the 20th 

and 2 1 s t  frac t i ons re spe c tively as  shown i n  Table 1 3  and there fore 

ac t iv i t i e s  of cytokinin-like substance s  in Group I m i ght be  other than 

zeatin.  

Poss ibly zeatin r ib o s ide e lut e d  at  t he 28th t o  the  38th 

fra c t i ons ( Se e  Tab le 1 3 )  (Gr oup I I )  and was estimat e d  as 0 . 2 1 /Ug 

equivalent to zeatin  for the 1 . 0 gram dry we ight extrac t and 0 . 43 JUg 

for the 5 . 0  gram dry we i ght . Group I ll and IV had slightly lower 
activity  than other groups . In  Group V t he aliquot equivalent t o  

the 5 . 0  gram dry we ight extrac t showed cytokinin ac tivity a t  all 

frac t ions e xc e pt the 64th , 66th , ? 1 s t ,  and 77th . An intense  ye llow 

pigment a t  the 70t h  to  the 76th fra c t i on was ob serve d and this pi gment 

may be inhib i t ory to radi sh c o tyle don growth . The s l i gh t  i nhibi t i on on 

the 72nd fra c t i on in the aliquot  e qu ivalent to the 1 . 0 gram d�y we i ght 

c ould be  due t o  the pre sence o f  the inhib i t or , but t he inhib i t i on of 

radish c o tyle d on migh t  be overc ome i n  the same frac t i on with the 

aliquot e quivalent t o  the 5 . 0  gram dry we ight . 

The cyt okinin activi t i e s  were extremely h i gh i n  Group VI . 

The high e s t  ac t ivi t y ,  at  the 79th frac t i on , was est ima t e d  t o  b e  4 . 50 �g 

with  the 5 . 0  g aliquot , although 1 . 0 gram dry weight aliquot had less 

than 1 /5 t he activi t y . An average o f  cyt okinin ac t i v i t i e s  in Group VI 

from the a li qu ots e quivalent to the 1 . 0 and 5 . 0  gram was e s t imated  as 

781 . 5 ;ug/kg dry we i ght of leaf sample . 

9 . 4 . 3 . 2 .  On DEAE c ellulose thin layer c hromat ography 

The frac t i ons e luted fr om the Sephadex LH-20 c olumn whi c h  
-

were grouped a s  A ,  B ,  C ,  and D ( Se e  8 . 4 . 2 . T) were c hr omato graphed on 
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DEAE c e llulose  thin laye r .  The results  are re pre sented as  follows : 

aliquot equivalent  to  0 . 5  gram dry we ight in Fig . 24-A1 1 B 1 , c 1 , and D 1 , 

1 . 0 gram dry we ight by a solid line i n  Fig.  24- A2 , B2 , c2 , and D2 , 

and 5 . 0  gram dry weight by a dot t e d  i n  Fig . 24- A2 , B2 , c2 , and D2 • 

The e s t ima t i on o f  c ytokinin a c t i v i t i e s  e quivalent t o  zeatin  i s  indicated  

i n  Table 20 . 

The A frac t i on c ontaining 1 55 ml volume o f  e lu t e d  s olut i on 

c ons i s t e d  o f  the Gr oups I ,  I I , and I I I .  With the 0 . 5  gram dry we i ght 

the c ytokinin a c t ivi ty was spread over most Rfs . Cyt oki n i n  ac t ivi ty 

was greatest  at  Rf 0 . 2 -0 . 7 ,  t he p o s i t i o n  of zeatin riboside , giving 

0 . 075 JUg e quivalen t  to  zeat in . Cyt okinin  ac t ivity at  the p o s i t i on o f  
zeatin was less  than that at the p os i t i on of zea t in ribo s i de , although 

zeat i n  and zeatin ribos ide overlapped at Rf 0 . 1 -0 . 2 .  On t he o ther hand 

t he ali quot e quivalent to the 1 . 0 and 5 . 0  gram dry we i ght e xh i b i t e d  

a signifi cant prom o t i on of radish c ot yle don from t h e  o r i g i n  t o  R f  0 . 2  

and Rf  0 . 6 -0 . 8 .  Espec ially i n  the a l i qu o t  equivalent t o  the 5 . 0  gram 

dry we ight , the h i ghe s t  cytokinin a c t iv i ty was at the or igin  sugge s ting 

that poss ibly the c hroma togram had been over loade d . The next highe st  

-activity o c c urred at  the  Rf  0 . 0- 0 . 1 . However ,  no promot ive radi sh 

c o tyledon was found at  the Rf . 0 . 1 - 0 . 2  where zeat i n  and zeat i n  

ribos i de were overlappe d .  Possibly be cause e ither t �  plat e  was over­
l oaded or the inhib i t or from t he 26th-29th fraction was presents . 

I nhi b i t i on also  o c curre d  at Rfs 0 . 4-0 . 5  and 0 . 9-1 . 0 .  I n  c ontrast with  

the 1 . 0 gram dry we ight , there was a s isnifi cant promot i o n  of radi sh 

c o tyle don at  R f  0 . 1 -0 . 2 .  The other c yt okinin ac tivi t y  c ould be  obs e rved 

at  the Rf 0 . 6 - 0 . 7  and 0 . 7-0 . 8 with the 5 . 0  and 1 . 0 gram dry we i ghts 

respe c t ively . Total  cyt okinin a c t i vi t i e s  at  t he aliqu o t s  e quivalent t o  

t he 0 . 5 ,  1 . 0 ,  and 5 . 0 gram dry wei ght were 0 . 234 JQg , 0 . 0435 /Ug , and 

0 . 31 75 �g re spe c t ively in DEAE c e llulose thin layer c hr omat og�aphy . 

An average o f  c yt okinin a c t i v i t i e s  fr om thes e  aliquots  was 1 92 /Ug/kg 

dry we ight of leaf sample s . 

The B fra c t i on (Group IV ) c ontaining 95 ml o f  e luant from 

the Sephadex LH-20 exhib ited  c yt okinin a c t ivity on DEAE c ellu lose as  

s hown i n  Fig .  24-B1 and B2 • There was s i gnificantly promo t e d  radish 

c otyledon growth at three di fferent Rfs with the aliquots e quivalent 

to b o th the 0 . 5  and 5 . 0  gram dry we ight . In the aliquot  of 0 . 5  gram 

dry wei ght 0 . 027 /Ug equivale nt to zeatin  was found at Rf 0 . 0-0 . 1  whi le 

a t  Rf 0 . 8- 1 . 0 ,  the total was o . o46 �g equ ivalent t o  z e a t i n . The greater  

amount of leaf  sample i n  the aliqu o t  e qu i valent t o  5 . 0  gram dry  we i ght 
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showe d ac t ivi ty a t  Rf 0 . 6 -0 . 9  e qu ivalent t o  0 . 2535 )Ug o f  zeat i n . N o  

s t imulation of radi s h  c otyle dons oc curr e d  wi th the aliquot e quivalent 

to the 1 . 0 gram dr y we i ght . Total cyt okinin- like sub s tanc e s  e s t imated  

from  only the Sephadex LH-20 c o lumn i n  the Group IV was  higher t han 

t hat of DEAE ce llulose thin layer with the a liquot e qu ivalent t o  t he 

5 . 0  gram dry wei ght . An ave rage o f  cytokinin ac tivity e quivalent t o  

zeat i n  was 9 8 . 4 �g/kg dry we i ght i n  the B fraction b y  DEAE c e llulose 

thin layer chromat ography . 

In DEAE c e llulose thin laye r , the  C frac t i on ( Group V )  

c ontaining 70 ml of e luant from the S ephadex LH-20 e xhib i t e d  two 

groups of cyt okinin a c t i v i t i e s  in the aliquot  equivalent to  the 0 . 5  

gram dry we i ght and three groups i n  the 5 . 0  gram dry we i ght . The se 

groups had more or less  similar Rf pos i t i ons in two aliquots except  
the  absence of a c t ivi t y  at  Rf 0 . 3-0 . 5  i n  the aliquot  e quivalent t o  tne 

0 . 5  gram dry we i ght . C yt okinin ac t ivi t i e s  d i d  not oc cur i n  any R f  with 

the aliquot e quivalent t o  the 5 . 0  gram dry weight , most  radish c ot yle­

dons b e ing greatly inhib i t e d  e spec ially a t  the ori gin and at R f  0 . 7-

0 . 9 .  This inhib i t i on o f  radish c otyle don might be due t o  the yellow 

pigme nt which was e luted  from the 70th t o  76th frac t i on from the 

�ephadex LH-20 c olumn . It  was not i c e d  t ha t  t he radish c otyledons were 

more i nhib i t e d  wi th DEAE c e llulose than w i th frac t i ons b i oassayed 

d ire c tly from the c o lumn . With the mean of t he aliquots  e quivalent to 

zeatin was calcula t e d  as  1 83 . 5 )Ug/kg dry we i ght of leave s .  

The D frac t i on ( Gr oup VI ) c ontaining 30 ml o f  : e luant from 
the Se phadex LH-20 c o lumn exhib ited  three  peaks wit h  the aliquot 

e quivalent to 0 . 5  gram dry we ight , two peaks with that o f  the 1 . 0 gram 

dry w e i ght , and _a c t i v i t y  at all Rfs , exc e pt the Rf 0 . 8-0 . 9  posi t i o n , 

wi t h  t he aliquot e quivalent t o  the 5 . 0  gram dry we i ght . All s�mple s 

showe d act ivity a t  Rf 0 . 3-0 . 4  while a c t iv i t y  was found at  Rf 0 . 2-0 . 3  

wi th the ali quot s  e qu ivale nt t o  the 1 . 0 and 5 . 0 gram dry we i gh t  o f  leaf 

samples . The se c y t okinin ac t iv i t i e s  were at R f  0 .6-0 . 7  for b ot h  the 

0 . 5  an d 5 . 0  gram dry wei ght leaf �ample , i nd i cating 0 . 0255)Ug e quivalent 

t o  zeatin for b ot h .  T otal c yt okinin a c t ivi t i e s  rec orded from all Rfs 

in DEAE ce llulose thin layer were 0 . 53 8 )Ug w i th the a li quot e qu i valent 

to the 5 . 0  gram dry wei ght , and 0 . 0585 /Ug and 0 . 0575 JUg with the 0 . 5  

and 1 . 0 gram dry wei ght respec t ively. An average a c t i v i ty for these  

three aliquots \-J'a s  e s.t imat e d  as  94  ..lUg/kg dry we ight . 

In summary the e s t i mation o f  c yt okinin a c t i v i t i e s  e qu i valent 

t o  zeatin from the  A ,  B ,  C ,  and D frac t i ons b y  DEAE c e llulose thin 

layer c hroma t ography was 473 . 6 /Ug/kg dry we i ght of apple leave s whi c h  

was 1 /3 of t hat  us ing only Se phadex c o lumn c hromat ography. 
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9 . 5 .  GLC o f  authentic plant hormone s and plan t materials 

9 . 5 . 1 . Gas c hromat ographic  separa t i on from t he apple leave s and 

c omparison wit h  b ioassay re sults 

9 . 5 . 1 . 1 .  GLC of plant extracts 

1 90 

For the analysi s  of auxi ns , GAs , and ABA the ac idic  e ther 

fra c t i on was pur i fi e d  thr ough Sephadex G-1 0 c olumn wi thout fur t her puri ­

f i c a t i on b y  paper o r  thin layer chroma t ography. The ac idic  e ther frac ­

t i on of the apple leaves was me thylated  with exc e s s  e t heral dia z ome t hane . 

The methyla t e d  res idue was di ss olved wi th Me OH and the aliquot e quivalent 

to 1 . 0 gram dry we ight of leaf sample was i n j e c te d on t o t he 3 %  SE-52 

s t a t i onary phase ( 1 80 cm  x 2 mm column ) and chromat ographe d at  3 °C/min 

fr om 1 20 °C -300°C with 50 x 1 02 attenuat ion of t he d e t e c t o r .  

Fig .  25-A ind i c a t e s  t he several peaks from plant extrac t ;  

F i g .  25-B for the 1 . 5 ug e quivalent of aut hent i c  plant hormone s , and 

F i g . 25-C f or c o -chromatographed  peaks with  the plant extra c t  an i authen t i c  

p lant hormone s .  

With the 50 x 1 02 a t tenuati on , no peak of IAA appeare d at  t he 

r e t e n t i on t ime of authe nt i c  IAA posi t i on ( 1 6 o 8  mm ) .  The peaks o f  ICA , 

IPA , and ABA were overlappe d w i th larger peaks at  the same retent i on 

t ime .  There was also a very small peak at the GA4 r e t e nt i on t ime ( 2 7 . 88 

mm ) where two peaks were only partially resolve d .  Fur the rmore there 

were two big peaks c lose to t he GA4 peak . 

The 1 60°C-200°C t e mperature pro gramme was t r i e d  but further 

pur i f ication of the plan t e xtract was required .  

The pre sent GLC studies did not inve stigate  further quant i ta­

t ive and quali tative mea sure men t of plant extra c t s . 

9 . 5 . 1 . 2 .  The IAA and ABA - like s ubstan c e s  i n  t he ali quot of a c i dic  

e t her frac t i on by  b i oassay 

Whi le the pla nt extra c t s  were analyse d  by GLC , the aliquot of 

the same ac idic  e ther frac t i on chromatographe d on c e llulose  thin layer 

and b i oa ssaye d for IAA and ABA by t he c omb ine d bi oassay wi t h  oat and 

whe a t  c o leopt ile s e c t i ons ( See  8 . 5 . 2 . 1 .  and 8 . 5 . 2 . 3 . ) .  

The results  for the aliquots  e quivalent t o  1 . 5 ,  1 . 0 ,  0 . 5 ,  and 

0 . 1 gram dry wei ght of leaf sample are shown in Fig . 26-A , B ,  C ,  and D .  

The Rfs o f  IAA and ABA exhib i t e d  a s igni fi cant a c t iv i t y  o f  

promo t er s  and inhib i t ors . The e s t imat ion of IAA-like sub s tanc e s  was 

0 . 07 .,.ug ,  0 . 1 1 375 JUg , and O o 0647 ,.ug from the 1 . 5 ,  1 . 0 ,  and 0 . 5  gram 

e q�iva len t to dry wei gh t  respe c t ive ly and the ABA-like sub s tanc e s  

0 . 62 7  .Alg , 0 . 06 1 5  ,ug , 0 . 0935 ,ftlg re spe c t ively . 

Some pr omoters o ther t han IAA-like substanc e s  d e t e c t e d  b y  oat 
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coleopt ile sec t i ons o c c urre d b o t h  in the 1 . 5 and 1 . 0 gram dry wei ght 

sample s at  Rf 0 . 5-0 o 6  and at Rf 0 . 9- 1 . 0  posi t i on i n  the 1 . 5 gram dry 

wei ght but not i n  the 0 . 1  gram dry we i ght . There are als o i nhi b i t ors 

other t han ABA-like substan c e s  with the 1 . 5 gram dry we i ght . 

Cons i de ring c oncen trat ions of IAA and ABA-like substances  

ob tained above by b i oassa y,  it  was real i z e d  that further\ puri ficat i on 

was ne c e s sary t o  use GLC for plant hormone s . Since masking o f  the 

hormone s by othe r c omponents would o t herwi s e  oc cur . 

9 . 5 . 2 .  Standard c alibra t i on o f  several authenti c plant hormones · 

by GLC 

For t he quan t i tati on of plan t hormone in plant mat erial 

extrac t s  by GLC , s tandard calibration  of ME-TMS derivative s o f  NAA , IAA , 
IPA , ABA , GA9 , GA5 , GA4 , GA1 3 , and GA1 was attempted from 0 . 0025 )Ug 

to 2 . 0 )Ug with a dilu t ion te chnique , u s i ng a 3 % OV- 1  stati onary phas e  

at several different attenuat i ons ( Se e  8 . 5 . 3 ) . 

The re sults  are shown in Fig . 27-A and B. Mos t  

gibberellins , ABA and ILA were detec table d own to  0 . 0025 JQg/fll ,  a 

c onc entrat i on whi c h  c an hardly b e  d e t e c t e d  by the dwarf r i c e  b i oassay. 

However i n  order to d e t e c t  lower c on c e ntra t i on such as 0 . 0025 #g/�l , 

a great deal of puri fica t i on would b e  nee d e d . 

IAA and IPA are probably t o o  unstable at very low c oncentra­
' 

tions . Linearity  was qui t e  good exce pt for NAA , ILA and ABA a t  low 

c onc entrat ions as shown i n  Fig.  27-A and B .  

I n  this exper ime nt the best  linearity was e stabl i she d with 

gibbere llins from 0 . 0025 �g t o  2 . 0 �g ,  poss ibly due t o  s t ab i l i t y  of 

the c ompounds i n  t he gas chromatographic  c ond i t ions use d .  

9 . 5 . 3 .  GLC o f  au thent i c  plant hormone s and related �ynt�et i �  plant 
hormone s after ce llulose TLC 

Ce llulose thin layer c hroma t o graphy wi th the s o lvent  system 

MAAW has been use d  for auxins- , ABA- , and gibberellin-like sub stanc e s  

i n  plant extrac t s  i n  the previ ous se c t i ons . Although i t  was a use ful 

me thod for good se para t i on and c onvenienc e  to  handle , Rf p os i t i ons 

tended to  be var iable , even in t he same tank . In fact Rfs of a known 

c ompounds often vary in b oth paper and thin layer c hromat o graphy. The r e ­

fore markers of known c ompounds should b e  u s e d  o n  the same paper o r  
thi n payer plate s . 

A me th o d  o f  pur ifying plan t mater ials by c e llul o s e  thin  laye r 

might al s o  be u s e ful for GLC . Therefore in orde r t o  study the b e havi our 

and rec overy of 1 0 �g authent ic plant hormone s on c ellulose thin layer 
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pla t e s  w i t h  the s olvent s ystem MAAW , plate s  were run for 1 5  c m  from the 

ori gin and divi ded int o 1 cm bands in the A plate which was l e f t  longer 

than the B plate ( F i g .  2 8-A and 29-A ) b e caus e  of different spee d  of 

deve lopment and 1 0  s e c t i ons wi t h  1 . 5 cm band i n  the B pla t e  ( Fi g .  28-B 

and 29-B ) were t e s t e d  b y  GLC . The r e sults are shown in Fig 2 8  and 2 9 . 

GA1 , IAA , and GA1 3  sh owe d l i t t le variation i n  the A and B 

pla te s .  C ompounds su c h  as  IPA , NAA , ABA , GA5 , GA4 , and GA9 were slightly 

d i f ferent  in behav i our betwee n  t he two pla te s .  NAA , ABA , GA5 , GA4 , and 

GA9 appeared at the same Rf 0 . 7- 0 . 8  in the B p late , but NAA and GA5 were 

s e para t e d  from NAA , ABA , GA9 , and GA4 at  R f  0 . 8-0 . 93 i n  the A plate o  

A c c ording t o  p eak hei gh t s  the r e c overy o f  each authent i c  plant 

hormone appeared to be nearly 1 00 % with a 1 0 fog sample on t h� c e llulose 

thin layer as shown in Fig. 2 9-A and -B . 

9 . 5 . 4 .  Effect o f  di f ferent reagen t s  on f ormation o f  ME- and ME-TMS 

der ivat ives  o f  several au thentic  pla nt hormone s and on the 

re tent i o n  t ime and peak hei 8h t s  

9 . 5 . 3 . 1 .  Gibbere llin A3 
The behavi our of c ompounds i n  gas l i quid chr oma t ography i s  

rlependan t on their vola t i le pr oper t i e s . Non-volati le subs tanc e s  c an 

often b e  c onverted t o  v olat ile derivatives  by using e theral diaz ome thane 
and s i lyl reage nt s .  

Me thyl e st e r s  derivat ive s o f  s ome au thent i c  plant hormone s 

can be forme d ,  bu t the gibberellin A3 peak has a marke d shoulder .  In 

order to obtain a s i ngle peak of GA3 i n  GLC , silyl reagents were teste d .  

The re sults obtained b y  f orming the ME-TMS derivat ive o f  0 . 1 )Ug o f  GA3 
using three different me thods are shown in F i g . 30 -A , -B , and- C .  The ME­

TMS der ivative o f  GA3 wi th PYR - HMDS - TMCS - si lyl reage nt s  e xhibited  

two peaks at 23 . 5  and 24 . 9  mm  r e t e nt i on t i me with 2 8 . 5  mm  and 1 0 o 3  mm 

peak hei ghts re spe c t iv e ly .  However , t he ME-TMS derivative o f  GA3 with 

P YR and BSTFA without TMCS prevented  the  shoulder . However peak he ight 

was not i mproved as muc h  as whe n  TMCS was used ( Treatment 3 ) , the peak 

height be ing nearly t hr e e  and ha if t ime s  higher .  

There fore BSTFA t oge t he r  with TMCS reagent i s  a usefu l  s ilyl 

reage nt for gibberellin  A3 • 

9 . 5 . 4 . 2 .  Several authe ntic plant hormones 

0 . 1  ug o f  NAA , IAA , IPA , ABA , GA9 , GA5 , GA4 , GA1 3 , and GA1 , 

the me t hyl e sters and me thyle ster  trime thyl s ilyl e thers of the s e  deri­

vat ive s  forme d by u s ing BSTFA wi th TMCS were chroma t ogramme d u s ing 2 x 

1 02 a t t e nuat ion.  The results  are shown ih �able 2 1  and Fig .  30-D and E .  
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Rec ov e ry of aut hen t ic plan t hormones by GLC from 

* 
cellulose thin layer c hroma t ography . 
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()'I Table 2 .1 .  GLC r e t e n t i on t i m e s  a n d  he i g h t  o f  peaks o f  a u t he n t i c  pla�t h o rmones w i th the ()'I 
' 

d i f f e r e n t  me thyl e s t e r s  and me thyl e s t e r s  t r ime t hy l s i lyl e t h e r  d e r i va t i ve s . 

C o mpari son o f  

Me t hyl e s t e rs t r i m e t h y l s i lyl e t her he i g h t  of Me-TMS 
Me t hy l  e s t e r s  ( Me ) 

. 
d e r i v a t i v e  w i t h  

( He-TNS ) me t hy l  e st e r s 

C ompound s R e t e n t i o n  He i gh t o f  T h e o r e t i c a l  R e t e n t ion He i gh t  o f  T h e o re t i c a l  
Ne -TNS X 1 00 t ime peaks pl a t e s  t ime p e a k s  pl a t e s  

( mm )  ( mm )  ( mm ) ( mm )  Me 

NAA 54 . 4 7.:,0 . 63 7 5 . 1 3.:,3 . 0  3 , 536 56 . 03.:,0 . 5  67 . 4 7.:,5 . 64 4 , 62 4  84 . 5  

IAA 7 1 . 1 7.:, 1 . 1 0 2 9 . 5.:,2 . 1 0 4 '  1 42 78 . 63.:,0 . 1 2  1 07 . 2  0.:, 1 2 .  72 9 , 1 00 363 . 4  

IPA 8 0 . 6 0+ 1 . 04 1 7 . 4 7.:,1 . 94 5 , 6 83 92 . 1 7.:,0 . 57 66 . 03.:,1 1 . 92 1 1 , 639 378 . 0  

ABA 1 1 0 . 73.:,5 . 0 1  52 . 4  .:,1 . 1 1 6 1 2 , 3 1 4  1 09 . 97.:,0 . 2 9 28 . 30.:,1 . 4 9  1 4 , 09 1  54 . 0  

GA 9 1 6 1  • 90.:, 1 • 1 5  84 . 87.:,2 . 77 1 6 , 507 1 1) 5 . 43.:,1 . 50 76 . 2 3.:,7 . 2 3  1 7 , 4 66 89 . 8  

G AS 1 95 . 6 3.:, 1 . 47 4 5 . 27.:,1 . 36 2 0 , 972 202 . 73.:,0 . 74 55 . 1 7.:,5 . 6 1  2 3 , 367 1 2 1 . 9 

GA4 203 . 2 3.:,1 . 86 5 5 . 1 0.:,3 . 36 1 0 , 302 208 . 6 0+ 1 . 6 6 8 1 . 7 3.:,8 . 50 1 6 , 2 90 1 4 8 . 3  

G A 1 3  235 .·1 7.:,2 . 2 0  4 3 . 1 3.:,0 . 5 1 20 , 03 1  22 9 . 53.:,0 . 1 2 50 . 2 3.:,4 . 50 29 , 836 1 1 6 . 5  

GA 1 2 4 1 � 30.:,1 . 56 1 6 . 77.:,1 . 99 8 , 084 247 . 03.:, 1 . 35 4 5 . 03.:,4 . 06 32 , 26 9  2 68 . 5  
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Ge nerally the re ten t i on time  i ncreas e s  in the ME-TMS derivative s 

c ompare d t o  the methyla t e d  c ompounds . The c ompari son b e t we e n  the ME-

and ME-TMS der ivative s  was made by t he percentage increase over the 

me thyl derivat ive as sh own in Table 2 1 . The most  marked increase was 

t hat given by IAA , IPA , and GA 1 , nearly 4 t ime s for the indole c omp ounds 

and 3 t ime s for the GA1 • Slightly i nc reased peak he i ghts were given by 

GA5 , GA4 , and GA 1 3 , bu t the ABA peak hei ght was re duc ed by half and a 

slightly re duc e d  peak height o c curred for NAA and GA9 • There fore BSTFA 

wi th TMCS c ould be used ind ire c tly t o  i dentify IAA and ABA , observing 

c hange o f  t he ir peak he ight be fore and after us ing BSTFA and TMCS . 

One o f  the prominant effe c t  was good res olut ion be t we e n  GA 1 3 
and GA 1 by using ME-TMS de rivat ive s . 



Chapter 1 0  

Discus s i on 

1 0 . 1 .  Loss of 1 4c - IAA duri ng extrac tion and puri ficat i on pro c e dure s  

1 0 . 1 . 1 .  Effe c t  o f  p H  i n  the a que ous pha s e s  on the loss o f  14c - IAA 
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In order to frac t i onat e  four s e r i e s  of plant hormone s such as 

auxin s , gibbere llins , c yt okinins , and abs c i s i c  ac i ds from plant extra c t s , 

the appropriate pH can b e  s e le c t e d  acc ord ing t o  the d i s s o c iati on c onstant 

( pK )  of the hormone and the par t i t ion  c oe ff i c ient will then depend on  the 

s e le c t ivity  and polari t y  of t he s olvent use d .  The solvent part i t i on i ng 

a t  d i f ferent pHs us ing vari ous s olvent has already been  reviewe d  i n  

s e c t i on 7 ,  IAA i s  easi ly par t i t i one d b e twe e n  p H  5 . 5-2 . 5  wi th die t hyl 

e t he r  ( Lars on ,  1 955 ) whereas GA3 is not appre c iably par t i t i one d int o 

d i e t hyl e ther ( Durley and Phari s , 1 972 ;  Badr , e t  al. , 1 97� ) .  However 

the pKs of GA3 and GA8 are 4 o 1  and 4 . 0  re spe c t ively and can be  appre c iably 

par t i t i oned under acid  c ondi t i ons with e thyl a c e tate ( Durley and Phar i s , 

1 972 ) o  Therefore , diethyl e t her i s  not suitable for GA3 and in the 

pre s e n t  studies e t hyl a c e ta t e  was chosen for solvent par t i t i oning . 

The aque ous phase a t  pH 2 . 5  and 8 . 0  was used t o  test  1 4c -IAA wi t h  plant 

mat erials , be cause 1 4c - IAA wa s the most lab i le plant hormone dur ing the 

plant e xtra c t i on proc e dure s  ( Mann and Jaworski , 1 971 ) .  Phot oxi d a t i on o f  
1 4c -IAA duri ng extrac t i on pro c e dure s  was minimised  by carrying out expe r i ­

me n t s  under low light i nt ens i t ie s . 

The mos t surpr i s i ng results found i n  the solvent part i t i oning 

o f  apple stem t i ssues was the  great loss of 1 4c - IAA at two s teps i n  the 

proc e dure s  shown in Tab le 7-A .  A 66 % loss o c c urred at t he change from 

the aqu e ous phase at pH 4 . 5  after  removal o f  MeOH t o  pH 8 . 0  with 1 . 0 M 

phospha t e  buffer soluti on and KOH s olut i on and 78 % loss during 8 x 

e thyl a c e tate par t i t i oning after  ad j ust ing t o  pH 8 . 0 .  No  c ruc ial loss  

o f  1 4C -IAA o c curred during the  sub s e quent s t e ps o f  the extrac t i on pro­

c e dure s .  On the o ther hand , wi t h  pH 2 . 5  aqueous phase , the final re c overy  

over the whole extra c t i on was 80 %. The result s  i n  Tab le 7-A and B show 

t ha t  t he cruc ial loss of 1 4C - IAA occurred whe n  the aque ous phase was at  

p H  8 . 0 .  

The extra c t i on pro c e dure s for t e s t i ng r e c overy o f  IAA revie we d  

i n  s e c t i on 7 . 6  vary.  Ac c ordiLgl y ,  percentage o f  final rec overy var i e s  a s  

follows : 25 - 30 % ( Hami l t o n , e t  al . ,  1 96 1 ) ,  6 0  - 85 % ( Galun , e t  al , 

1 96 5 ) , 6 5  - 79 % ( Ueda and Bandurski , 1 969 ) , 88  - 89 % ( Goldschnidt , e t  a l . ,  

1 97 1 ) .  

The variabl e  loss o f  IAA in the rec overy test  wi th plant 

mat e r ials  might be  assoc iated  wi th t he use of e xtrac ted  ma terials from 
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di f fe rent  t i s su e s  and plant . There was a great loss of IAA from plant 

mat e r ials when e t hanolic  or e t he real extrac t i on was used  w i th an extended 

per i o d  o f  extra c t i on (Vli t o s  and . Meud t , 1 954 ) and oxi da t i on during 

gri nd ing ( Mann and Jaworski , 1 970 ) . Mann and Jaworski ( 1 970 ) a ssume d 

that  the loss with 

by unsaturated fa tty ac ids . I f  

oxidati on catali z e d  by unsaturated 

alka l i ne co nd i t i on . 

An alte rnat ive e xplana t ion might be  that  i t  i s  due t o  enzyma t i c  

ac t ivi t y. Ueda and Bandurski ( 1 969 ) c onduc t e d  a n  expe riment o n  the loss 

o f  1 4c - IAA to  find out i f  i t  i s  due to destruc t ion or adsorption of 
1 4  C - IAA t o  c omplex water s oluble c ompone nt s . They added 400 pg o f  IAA i n  

t h e  supernatant of e thyl a c e tate extrac t  a f t e r  removal o f  acet one . 

They c o n c luded that  there was c o nsiderable destruc t i on of IAA particular­

ly in gr ound germinat ing pea s e e dlings , al though there was a small 

poss i b i l i t y  tha t it was adsorb e d  to  the wa ter soluble c omponents . A c e t one 

extrac t i on may have c ontaine d some IAA destroying enzyme , because a c e t one 

s olvent did  no t prevent polyphenoloxidas e a c t i on ( Ni t s c h ,  1 956 ) .  

Abs olute alc ohol i s  a s sume d to  ina c t ivate enzymes by the 

dehydra ting e f f e c t  of the a lc ohol ( Thimann and Skoog , 1 940 ; Ke fford , 

1 955 a ) . Ni tsch  ( 1 956 ) al s o  reported on  t he activit y  o f  polyph e noloxidase 

systems  duri ng s olvent extra c t ion  wi th several different s olvents . An 

abso lu t e  Me OH sys tem had no  p olyphenoloxidase activ i t y  after 1 8  hour ex­

trac t i on , but an e thyl alc ohol system exh i b i ted a s l i gh t  br owning . 50 % 

o f  e ther plus 50 % Me OH also  induced e nzyme ac t ivity . The ext�ac t i on 

pro c e dure s  employed in the pre sent studi e s  used 80 % Me OH ( Phillips and 

Ware ing , 1 95 9 ;  Thurman and Stree t ,  1 96 0 ; Elliott  and S t owe , 1 970 ) . 
I f  the 80% MeOH i s  use d , some enzyme s , generally pro te i n ,  c ould not be  
dena turat e d  with alc ohol , i n  the  pre sent s tudies , loss o f  1 4C- IAA at pH 
8 . 0 may b e  due to an e nzyme syst e m . That is t he activa t i on of an enzyme 
s ystem  or c o fac t or under alka l i ne c ondi ti ons . The pre sent r e sults are 
suppor t e d  by Jansse n ' s  expe rime nt ( 1 970a ) . Janssen found three  kinds of 
e nzyme a c t ivi ty from extrac t s  o f  seedling Pisum sat i vum root  tips  us ing 
sodium d i e thyldithi ocarbamate pur i fi e d  with Sephadex G - 1 0  c olumn . He 
f ound that t he peroxidase ac t i v i t y  was low a t  pH 5 . 0 ,  and increased 
a t  pH 7 . 0 ,  whe the r sodium d i e t hyldith i ocarbamate was present or not . 
However , IAA - ox i dase and p olyphenoloxidase were inhi b i ted by the 
addi t i on of sodium diethyldi th i o carbama te . In the pre se n t  s tudies  0 . 02% 
o f  s odium diethyldi thiocarbamat e  i n  MeOH was used at the be ginning of 
extra c t i on . The s od ium die thyldi thi ocarbamat e remaine d i n  aque ous 
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--4 s olut ion after  removal of MeOH . A c oncentrati on of 1 0  g/ml o f  s o dium 

d i e t hyldi thi ocarbamat e  can prevent the ac t ivi t y  of IAA - oxidase and p oly­

phenolox i dase ( Jansse n , 1 970 a ) .  There i s  evi dence that oxidase a c t iv i t y  

i s  dependant o n  pH . The opt imal p H  a t  whi ch IAA is de stroye d  b y  IAA 

oxi dase var i e s  according t o  the pre sence of d i fferent natural c o fac t ors . 

The opt i mum pH in  the pre s ence of p-hydroxybenzoic  a c i d  i s  pH 6 . 0 ,  with 

re sorc inol at  pH 5 . 5  i n  Le ns root extrac t ( Gaspar , 1 966 ) ; with the c rude 

extract at pH 6 . 5 but a f t e r  pur i f i cat i on and a d di t i on of 2 , 4- d i c hloro­

phe nol a t  pH 5 . 0  ( Stut z , 1 957 ) ; and with a b o i le d  crude cucumb e r  extract 

a t  pH 3-5 in  a pur i f i e d  IAA - oxidase from pea roots or cucumber r o ot s ,  

but a bo i l e d  crude pea e xt rac t at pH 6 - 7  in the same me dia men t i one d 

ab ove ( Jansse n ,  1 96 9  b ) .  Janssen ( 1 970 b )  sugge sted  t hat  the i nhib i t i on 

me chanism in  lAA- oxi das e  a c t ivity  b y  phenolic substanc e s  i s  due t o  the 

produc t i o n  o f  quinones  by the oxidati on o f  phenolic sub stanc e s .  On the 

o ther han d , some phe n o l i c  c ompounds whi ch do not form quinone s are 

c o fa c t or s  o f  lAA-oxi dase  a c t iv i t y  ( Janssen , 1 970 b ) .  The opt i mum pH 

vari e s  be t we e n  4-6 , depe nding on the c oncentra t i on o f  the d i fferent e o­

fac tor s ( Janssen , 1 96 9  c ) .  From the c hara c te r i s t i c s  o f  IAA-oxidase men­

t i oned ab ove , degradat i on of 1 4c-IAA in  t he alkaline aqueous phase  i n  

the pre s e nt s tudies mi ght not be  due t o  a n  IAA - oxidase . 

After removal o f  MeOH from MeOH extrac t ,  the pH of the aque ous 

phase was ab out 4 . 5 -5 . 0 ,  depending on the t i ssue use d .  When the aqu e ous 

phase was adjusted t o  pH 8 . 0 ,  the c olour change d to  purple br own from 

gre e nish ye llow . Thi s wa s probably not  due t o  polyphenoloxidase , b e c ause 

Janssen d emonstrate d tha t  a mixture o f  proline and cate chol be c ame pur­

ple a t  pH 6 . 5 ( Jansse n ,  1 96 9  a ) .  

Mann and Jaworski ( 1 970 ) gave % r e c overy from 4 steps  i n  the ir 

m e thods , using acidic  aque ous extract  with e ther par t i t i oning.  Mai n  
1 4  loss  of C- IAA oc curre d when e ther was evaporated  with  the evaporat or 

dur i ng the final stage , a l though there was c ons i derable loss a t  each  
1 4  step . The y c onclude d t ha t  C - IAA loss was due t o  sublima t i on i n  e ther .  

Thi s  loss was elimina t e d  b y  first _  t e s t ing with 50 ml e ther wi t h  the 1 4c­

IAA . A s mall quant i t y  o f  a dist illed wat e r  was added be fore evapora t i on 

o f  e ther . In fac t  the re wa s no loss o f  1 4c - IAA whe ther d i s t i lle d water  

was  added  or  not whe n only  50  ml  of e ther was drie d .  However , t o  avo i d  
1 4  any loss o f  C-IAA b y  a c omplete dryne ss  o f  organic  solvents whe n  us i ng 

large quant i t i e s  of �olv e n t  to  evaporate , drying over anhydrous s od ium 

sulphate was not  use d but mater ial was freeze drie d .  In Fig . 31 there 

was no  loss o f  1 4G-IAA dur ing vacuum drying whe n  solvents were added t o  
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Se phadex G - 1 0  column chroma t ography has been  u s e d  for purifi­

c a t i on o f  gibberellins by Crozie r , Aoki , and Pharis ( 1 96 9 ) . Crozier ( per­

s onal comm . ) re c ommende d that it is useful t o  pur ify a c i d i c  ethyl acetate 
fra c t i ons t hrough a Sephadex G- 1 0  c olumn . In  the rec overy o f  1 4c - IAA 

1 4  from apple s tem t issue s , there was no  loss o f  C-IAA from the Sephadex 

G - 1 0  column , e luted  with 1 , 000 ml o f  0 . 1 M phosphate buffer ad justed  

t o  pH  2 . 5 and subsequently par t i t i oned 8 x wi t h  e thyl ac e tate . IAA is  

stable under a lkaline c ondi t i ons ( Mann and Jaworski , 1 970 ) . The re was 

no  risk of IAA forma t i on under alkaline c ondi t i ons b e cause trypt ophane 

r e mains in the a que ous phase after ini t ial solvent part i t i oning 

\ Dannenburg and Liverman , 1 957 ) . After elut ing 1 , 000 ml of 0 . 1  M phosphat e  

buffer from the c olumn , a fur the r  500 m l  was c ollec t e d , but  only 4 % of 

the 1 4c-IAA was pre se nt , an a c c e p tab le degree  of tailing  i n  c olumn c hro­

mat ography . 
S i l i ca gel- c e li te column c hr omatography was stud i e d  b y  

Khalifah , Le wi s , and Coggins ( 1 96 5 ) as  a me thod for separat ing several 

gibberellins and c i trus IAA ( Lewi s , Khalifah , and Coggin s ,  1 965 ) . The y 

used two s olvent syst ems in gradient  elu t i on . Of the two  systems , 

the chloroform - e thyl acetate - MeOH s olvent system was s e le c te d ,  

because GA1 , GA7 , GA9 , GA4 , and GA5 wer e  eluted within 350 ml and GA3 
and GA 8 were e luted wi thin 250 ml a f t e r  addi t i on of 1 00 ml Me OH . I t  was 
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c on s i dered  use ful to  separat e  the two large pooled 350 ml and 250 ml 

frac t i ons and use each to r e s o lve di fferent c omponents by GLC . In the 

preiiminary t e s t s , 1 0  ug o f  au thent i c  plant hormone s  was appl i � d  on 

s i l i c a  ge l-ce l i t e  c o lumn and 350 ml colle c t e d  and te s te d  for i t s  r e c o ­

very by GLC . M o s t  of the c ompounds were we ll recovere d and t here fore 

the s i li c a  ge l - c e l i t e  c olumn w i th chloro form - e thyl ace tate - MeOH was 

used  t o  obtain more detailed  i nforma t i o n  c oncerning 1 4c - IAA . 

60 % recovery o f  1 l1 C - IAA was obtained a s  a s i ngle 1 5  ml peak 

and 90  % as a 50 ml peak . A slight tailing problem was pre sent in  the 
gradient elut i on me thod . How0ver  it  is c le ar that silica  gel-c elite  

adsorp t i on chr omatography give s a far b e t t e r  recovery than the 77 % 

ob tained  by s i l i c a  gel pur t i on chromatography ( Hamilton , Band urski , and 
1 4  Grigsb y ,  1 96 1 ) . Re c overy o f  C -IAA from s ilica gel-c elite  c olumn i s  

c omparable to  t h e  9 3  % re c overy of IAA f r o m  polyvinylpyrrolidone ( PVP ) 

c olumn e luted b y  pH 8 . 0 buffer solut i on ( Glenn , Kuo , Durle y ,  and Phar i s , 

1 972 ) . Dur le y ,  Crozier , Phar i s , and McLaughlin ( 1 972 ) pointed out that  

s e r i ous problems exist  whe n  s i l ica ge l from d i fferent s ourc e s , and 

vari ous part i c le s i z e s  and hydrati on are e mploye d .  

- 1 0 . 1 . 3 o  Rec overy of 1 4c - IAA from c e llul ose thin layer chromatography 

( Se e  s e c t i on 9 . 1 . 3 . ) 

30 % loss o f  1 +C - IAA us ing the solvent syst e m ,  me thyl ace tate , 

a c e t on it ri le , a mmonium , and wat e r  occurre d ,  but no fur ther loss was 

not i c e d  when pla t e s  were s t ore d for 3 days after deve lopment . The loss 

o f  1 4c - IAA could be due to  oxi da tion o f  1 4c - IAA dur ing chromatographic 

pro c e dures because c onside rable loss o f  IAA re sults from exposure t o  

l i ght an d air  ( Ke fford , 1 955 a ) .  Mann and Jaworski ( 1 970 ) obtaine d a 

44 % o f  loss o f  IAA i n  the spotted  origin o f  non-woven s il i ca gel 

i npregna t e d  she e t  s t ored overnight be fore deve lopment by s olvent . They 

ob taine d a 1 9  % loss of IAA b y  usi ng anti oxidant , sant o quin sulphat e  on 

t he ori gin befo re IAA was sp o t t e d . However ,  after deve loping s i lica  ge l 

thin  layer she e t s , IAA was l o s t  be fore s t orage overnight . That i s  a large 

l o s s  o f  IAA o c c urred on s il i c a  gel  c ompared c e llulos e . 

1 0 . 2 .  Behav i our of 3H-zeat in in  chromat ography 

1 0 . 2 . 1 . Solv e nt par t i t i on c hromat ography 

1 0 . 2 . 1 .  Eff e c t  of pH i n  aque ous phase  on part i t i on of 3H-zeat in 

w i t h  e thyl a c e ta t e  and bu tanol 

While the inve s t i gat ion of loss of 1 4c -IAA were b e ing s tudie d ,  
Dr . Le tham kindly supplie d  3H- ze at in t o  the author . A lthough there wer e  
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s e ve ra l  e m p i r ic a l  e Ktrac t ion pro c e d ures repor ted for e x t ra c t i n g  cyto­

kinin-like s u b sta n� e s , 3B-ze a t i n  p rovided  several be n e f i t s  fo r t e s t ing 

e x t rac t ion  p r o c e d ure s .  T h e re fore , a se rie s o f  e x pe rime n t s  was c arried 

ou t w i t h 
�

H - zea t in wit h phys i o l o gi c al l e ve l of 3H-ze a t in used  in  t he 

extra c t ion pro c e d ure s .  

The main solve n t  pa r t it i o nin g i n  t he e x t r a � t i on procedures  

wa s b a se d  on  e t hyl a c e t a t e  and b u t anol at  pH 2 . 5 and pH R . 3 . The  par­

t iti o n  c oe f f i c i e n t s we re  t e s t e d  for t he se pHs . 
3

H-z e a t in can be pa r t itioned in t o  but a n o l  pha se at pH R . 3  

and par t ia l l y  pa r t i t ione d i n t o  but anol a t  pH 2 . 5 .  T h i s  agre e s  with  

Le t ham ( 1 q7 4b) wh o obtained  ps r t i t i o n  c o e f fic ient a t  pH 7 . 0  and 3 . 0 .  
3H - ze a t in sign ific a nt ly par t i tioned in t o  t h e  e t hyl ac e t a t e  

a t  p H  � . 3 a nd n o t  a t  p H  2 . 5 . The se resul t s  a r e  simila r  t o  th ose ob­

taine d  � Y  W o o l l e y  ( 1 07 1 ) ,  Hemb e r g  ( 1 974 ) , anj  Le t ha m  ( 1 974 b ) . Howe ve r ,  

c o n s id e ra b l e  l o ss o f  zea t i� n o � l d  o c c ur w i t h  e t hyl a c e t a t e  partit i o n ing 

a t  pH 3 . 0 i f  the part i t ioning  is c a rr ied  out se veral t ime s ( e . g .  8 x 

e t hyl a c e t a t e  par t i t i oning should b e  e mpl oye d for gibbe re llins a s  

C r o zie r ,  Durl e y ,  a n d  Pharis  ( 1 96 9 )  r e c omme nded ) .  A c c ording  to  Hembe rg ' s  

d a t a  e a c h part it ion  c an remove approxima t e ly 2 . 3 3% zea t in to t he e t hyl 

a c e t a te . T h � t me ans  R x e t hvl  a c e ta te pa r t it io n  will  remo ve ab o u t  

i R . 6% o f  zea t in f r o m  the  a � id i fi e d  a queou s p ha se . Howe ver , in t he pre ­

s e n t  s t u d i e s  a t  pH 2 . 5 i t  c ould re move only 4 . 1 5% and 4 . 96% o f  3H-ze a t in 

b y  Q x e thyl a c e t a t e  par t it i ons , satura t e d  w i t h  0 . 5 M HCOOH a�d non­

s a t ura t e d  wi t h  0 . 5 M HCOOH re spe c t ively . The s l igh t  d i f fe renc e in t he 

par t it j on c o e f fi c i e n t  is possi� l y  due t o  t he pr ot ona t ion  o f  t he purine 

r ing ( pK ea  4 . 0 )  u�der more a � id ic c o nd itions ( Le t ham , 1 974 b ) . Howeve r ,  

van Stad en  ( 1 973 ) exhib ited almost  c omple t e ly free b a s e  o f  c yt okinin  i n  
p e t r oleum e th e r  a n d e thyl a c e t a t e , t h is d i sa gre ement r e q u ires fu r t h e r  

i n ve s t i ga t i on . 

1 0 . 2 . 1 . 2 Bac k  wa shing 

Hou s l e y  and Be nt ley ( 1 956 ) and Housley and Tayl e r  ( 1 95 8 )  

empl oye d a b a c k  washi n g  t e c h nique , whereby t hey part i t i o ned e t h e r  

( 5  x �00 ) f r o m  s o d i u m  b i c a rbona t e  and  t he c omb in ed e t h e r  e xt ra c t  wa s b a c k  

w a s � e d  w i t h  2 00 ml d i stil l ed wa t e r . Howe ve r , most ext ra c t ion p r o c e d ure s 

in t he l i t e r a t u re d o  not  u se bac k  wa s h ing t e c h� ique s . I n  t he re c ove ry 

t e s t o f  3H - z e a t in 4 - 5% o f  3H-zeat i n  partit ioned 8 t ime s w i t h  e t hyl 

a c e ta te rema i �e d  in t he e t hyl ac e t a t e , t he re fore it c ould  be ne c e ssary 

t o  wash e thyl a c e ta t e  by d i s t i l l e d  wa t e r  ( pH 2 . 5 )  wit h  a small quan t i ty 

o f  wa ter . I n  ¥ a c t , the so lub i l i t y  o f  wa t e r  in e t hyl a c e t at e  is 8 . 6% 

( Taut vyd a s ,  1 96 5 )  and  there fore c on s id erabl e amounts  o f  wat er  and wa t e r  

so luble  c ompound q c ould b e  retaine d i n  e t hyl a c e t ate . 8 0% o f  3H - z e a t in 
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was re c ov e r e d  from t he e thyl ac e t a t e  pha se by one back washing . Further  

b a c k  washin g d id not  impr ove t he r e c ove ry . 

The solu b ility  o f  w a t e r  in  n-but an o l  is gre at e r  than in e t hyl 

a c e t at e , and o nly 2 . 46% re cove ry o f  3H- z e at in was ob t a ined  for e a c h  bac k 

wa sh . 

1 0 . 2 . 2 . 3H - zeat in in c olumn c hroma t ography 

A Se phad e x  G- 1 0  c olumn c h r omat o graphy was u se d  s uc c e s s fully 

to  rec ove ry 1 4c -IAA in a 1 , 000 ml fraction  ( se c tion 9 . 1 . 2 . 1 . ) . Rec overy 

o f  AEA in the  pre l iminary stud i e s  u s i � g  w h e a t  c ole opt ile b i oa ssay is  

shown in  Fig . 3 2 .  C r o zie r ,  A oki and Pharis ( 1 969 )  have  reported  tha t 

GA-like c ompound s c a n  b e  re c ove red  in 1 , 000 ml fra c t ion from Se phad ex 

G - 1 0 .  The mole c ul a r  w e i gh t s  o f  z e a t in and  the  othe r  plant hormon e s  such 

as IAA , GA s ,  and AEA are simila r . There fore  zeatin can be fra c t iona t e d  

fr om Sephad e x  G - 1 0 .  T h e  e lu t i o� be haviour o f  zeatin i n  Sephadex G - 1 0  

w a s  a t tempte d . 

D owe x 50 W x R re sin has b e e n  u s e d  by many re search  worke r s  

a s  reviewe d  in se c t i on 7 . 4 . 3 . 1 . 1 . An elu t i ng pa ttern o f  cyt okinin in 

D ow e x  50 W x 8 c o lumn c ould be u s e ful for pur i fi cation  o f  c yt okinin -

l ike sub s tanc e s . The 

sample  of 3H -z e a t in . 

Dowex 50 W x 8 re sin was  te s t e d  wit h a known 

A rmst rong , Burrows , Evans and Sko o g  ( 1 96 9 )  first  repor t e d  

u s e ful t e c hniqu e s  for the separat i o n  o f  c yt okinins b y  Sephad ex LH-2 0  

u sing 3 5% e t ha no l . I t  t ake s several h ours  t o  e lute  c yt o ki n in s  from 

S ephadex LH-20 w i t h  3 5% e than �  I n  o r d e r  t o  shorten t he eluting  pe riod , 

9 5% EtOH a c id i fi e d  t o  0 . 00 1  M HC l wa s u se d  for t he frac t iona t ion o f  

c yt okinin s .  I n  fac t , Elia sson ( 1 96 9 )  u se d  96% EtOH w i t h  0 . 00 1  M HCl in  

S ephadex LH-20 for  the  purification  and  separat ion of  I AA and AEA from 

Populus tremul a  • 

Even  t hou gh applicat ion o f  sample s t o  top o f  t h e  c olumn was 

c au t iou s in ord e r  to minimi ze t h e  tail  pr ob l em , Sephadex G - 1 0 ,  S ephadex 

LH-2 0 , and D owex 50 W x 8 ,  exhib it e d  a tail ing problem , p o s s ib ly be c ause  

of  the rad i o i s o t ope u se d , but e ve n  a sensitive  U V  recorder  might not  

pick up  suc h  very low c on c entra t ions . In Sephade x  LH-20 300 u g  o f  6 

( r , r -d ime thyl a l lylamin o ) purine , z e a t i n , d ihyrozea tin and z e a t in-rib o side 

was spread over  only a few frac t ions . 8�� r e c overy wa s ob t a ine d in t he 

fir st 1 , 000 ml w i th Sephad e x  G- 1 0  and Dowex 5 0 .  

O n  t he othe r hand , 8�� o f  3H-ze a t in was rec ove r e d  i n  the first  

1 5  ml from S e phad ex LH-2 0 and about 9�� in t he first  2 0  ml . The re  is  

al so  reasonable r e solu t ion betwe e n  z e a t in ribo side and the follow ing 

c y t okinins , i . e . ,  z e a t in , d ihydr o z e a t i n  and 6 ( t , r -dime t hylallylam in o ) 

pu r ine . But the resolut ion between  6 ( � , r - d imet hylallylami n o ) purine , 
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zeatin and dihydr o z e a t i n  is not we ll re solve d .  Both zeatin-ri b o s i de 

and zeatin are we ll resolved with e i ther 95 % or 25 - 35 % e t hyl 

alc ohol but the order o f  elu t i on pat t erns change d in the two  s ys tems . 

Us ing 95 % e thyl alc oh o l  w ith 0 . 001 M HCl ,  6 ( f ,r-dime thylallylamino ) 

purine eluted slightly earl ier and zea t in-riboside  was re tarde d ,  

whereas using 25 - 35 % e thyl alc ohol i n  the same c olumn ( He w e t t  and 

Ware ing , 1 973 a , b , c ) , z ea tin-riboside was e luted  b e fore zeat i n . 

The re tardation o f  e lu t i on behavi our i n  s ome compounds e . g . , glyc e rides 

var i e s  w i th different s olvent systems such as  ethyl alc ohol and 

c hlor o f orm ( Determann , 1 96 9 ) . In the pre sent studi e s , an a c i di c  

c ondi t i on toge ther w i t h  increased % o f  alc ohol c ould e ffe c t  the 

re tarda t i on forc e s  of z eatin-riboside i n  gel phase . It is a l s o  of 

intere s t  t o  noti c e  t ha t  in Sephadex LH-20 c olumn t he elut i on b e havi our 

does  not  follow the molecular we i ght . Adsorption and part i t i on 

e ffe c t s  are much more i mportant , zeatin-rib o si de e lu ting b e f ore 

zeatin and ms-IPA e lu t ing after IPA ( He we t t  and Wareing , 1 973 b ) . 

1 0 . 2 . 3 .  3H- zea t i n  i n  paper and thin layer c hroma t ography 

On cellulose  TLC 3H-zeatin shows a c t ivity Rf 0 . 0  - 0 . 1  and 

Rf 0 . 23 - 0 . 37 .  Whe n  s i lica ge l is used wi th d i s t i lled water  

satura t e d  i n  n-butanol as  solvent , 3H-zeatin  wa s spread over all Rfs , 
� 

i n  c ontrast to  / H- z e a t i n  on DEAE ce llulose iVhi ch exhib i t e d  a s harp 

resolu t i on .  

1 0 . 3 .  B i oassay t e c hniques for IAA , ABA and GA s 

1 0 . 3 . 1 . The c omb i na t ion  of 5 mm and 1 0  mm wheat c ole opt i le 

section 

The Avena s tr a i ght t e s t  ( Banne r , 1 933 ; Thimann and 

S chne i de r , 1 938 ; Thi mann and Banner , 1 94 8 )  was re -evaluated  b y  

Bentley ( 1 950 ) . Sub s e quen tly Bentley and Hous ley ( 1 954 ) used  a m i c r o  

b ioassay wi th a 3 . 2  m m  Avena c ole optile mounte d  o n  a gla s s  capi llary 

whi c h  c ontained 0 . 25 ml  of culture s olu t i on in the spe c imen tube 

( 0 . 7  x 7 . 5  c m ) . The a s sa y  was linear from 0 . 1  �g t o  10 �g / ml . 

Eliasson ( 1 96 9 )  also . obtained a s tandard cal ibrat ion from 0 . 02 �g , 

0 . 06 �g , 0 . 2  pg and 2 . 0  �g/ml o f  IAA using a 1 0  ml beaker and a 

rec iprocal shaker .  I n  the  pre sent work the standard calibra t i on o f  
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IAA u s in g  oat  c oleopt i le s e c t i ons gave a linear p l o t  o f  log c on­

c e n t ra t i ons similar t o  those obtained by Bentley and Housley ( 1 954 ) 

and Eliasson ( 1 96 9 ) . Wi t h  the Avena c ole op t i le s e c t i on the lowe s t  

c on c e ntra t i o n  de tec ted was 5 x 1 07M IAA i n  b o th single o r  c ombina t i on 

oat c ol e opt i le bioassay.  The wheat c oleoptile b i oassay ( Hanc ock , 

Barlow , and Lac e y ,  1 964 ) i s  s imilar . The sensi t ivi ty o f  oat and 

whe a t  c oleopt ile s e c t i ons t o  IAA i s  l ow c ompared to the oa t i nternode 

b i oa s sa y  ( Ni t sch and Ni t s c h , 1 956 ) , which  can de te c t  levels of 

5 x 1 0- 8M IAA . 

The oat c oleoptile  b i oa s say for ABA is less  sens i t ive 

than the whea t  c oleop t i le b i oassay , as shown in Table 1 8-B , whi c h  

i s  why Bent l e y  and Housl e y  ( 1 954 ) rec ommende d  using wheat c oleopti l e s  

in the  s trai ght t e s t  f o r  i nhibi tors . The charac t e r i s t i c  lower 

sensi t i v i ty o f  oat c oleoptiles  to inhibitors , allowe d the use of 

the c o mb i na t i on of whea t  and oat c oleoptile se c t i ons i n  the same 

t e s t  tube . Da ta from the c omb ined b i oassays using oat and wheat 

c oleop t i le s e c t i ons for IAA and ABA are given in Fig. 1 8 .  There i s  

no s i gni fi cant intera c t i on b e twee n  the single and c omb i ne d  b i oa s says , 

alt hough there i s  a t e nd e nc y  for slight inh i b i t i on of oat c oleoptile 

se c ti ons with the pre sence  o f  whea t  c oleop t i le se c t i ons in the 

same t e s t  tub e , whereas the wheat c ole optile se c t i ons i n  ABA were 

inhib i te d  less wi thout the oa t c ol e opt ile se c t i ons . There are 

several papers discussing the volume of culture s olut i on ( Nitsch  

and N i t s c h , 1 956 ; Walker ,  Hendershot t , and Snede c or ,  1 95 8 ; 

Cockshull and Heath , 1 96 3 ; Hanc oc k , Barlow , and Lac e y ,  1 964 ; Siro i s , 

1 96 6 ) and a number of s e c t i ons t o  b e  used in t he t e s t  tub e . The 

t e s t  variab i l i ty can b e  r e duced by using small spec imen vials with 

hole i n  the l i d ,  varying the rela t i ve numbers  of oat and wheat 

c ole o p t i le s e c t i ons in the  spe c imen v ials and the time o f  incuba t i on . 

1 0 . 3 . 2 .  The dwarf r i c e  seedlings and lettuc e hypocotyl b i oassa y  

f or gibberellins 

1 0 . 3 . 2 . 1 .  Tan-ginbozu dwarf r i c e  seedling in the glas s  tub e s  

and agar c ulture medium 

The pre se nt data for Tan- ginb ozu dwarf r i c e  b i oa ssay were 

s imilar t o  re sults obtained b y  Mar t i n  ( 1 971 ) ,  although sli gh t ly 

di f f erent  environmental c ondi t i ons and me t hods were used . Te s t  

tub e s  are sui table for small s cale exper iment . Howeve r  for larger 

exper iment s  i t  i s  more c o nvenient if the see dlings are transplanted 
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d i re c t ly i n t o  agar me dium  wi thout u s ing t e s t  tubes  but t h i s  i s  l e s s  

s e n s i t ive . Growth c o nd i t i o ns o f  see d li ngs and  mi c r o  e nvironme ntals 

have t o  b e  optimised  in  order t o  d et e c t  a t  levels o f  0 . 005 ug GA3/ml .  

Se e dl in g  fac t ors also modi fy t he re sponse t o  gibb e rellin , e . g . , 

c ole o p t i le s i z e  a nd length o f  primary r o o t s . 

1 0 . 3 . 2 . 2 .  Comparison o f  d i f ferent  vari e t i e s  for use in  t he l e t tu c e  

hypoc o tyl b ioassays for gibb e r e llins 

Be fore applyin g  to plan t mat e ria l s , a standard c al ibrat i on 

was o b t a ined . However , t o  u s e  t he le t tuc e bioassay the plant extra c t 

mu s t  b e  more pur i fie d than for the d wa r f  rice  b ioas say . 

A r c t i c  wa s the  m o s t  se n s i t ive varie t y  ( C ro z ier e t  al . ,  1 97 0 ) . 

Re su l t s  we re similar t o  C r o z i e r  e t  al . , ( 1 970) , but the  gre a t e s t  d i f fe r ­

en c e  wa s n o t ic e d  in t h e  growt h o f  c on t rol , i . e . : 2 . 6 4! 0 . 08 mm o f  

hypoc o ty l  length  in the pe tri d ish ( C r o z ie r , e t  al . ,  1 970 ) and 9 . 1 mm 

in the  spe c imen vial sealed  wi th thin pla stic  ' Glad Wrap ' . The promo t e d  

gr owth o f  t h e  c on trol  wa s p o s sibly d u e  t o  t h e  sealed  c on d i t ion o f  spe c i­

men and low l i gh t  int e n s it y ,  al though there  i s  well e s tablished  a 

s t ra i gh t l inearity in l o g  c on c entra t i on s .  Fur t her studies  may e nable 

the si z e  of  the  re sponse to  be increased . 

1 0 . 4  End ogen ou s  plan t h ormone s in apple  leaves 

1 0 . 4 . 1  I A A - and ABA-l ike substanc e s  in  apple leave s 

In  d i scussion  and interpre t a t i o n  o f  c hroma t o graphic resul t s  

i n  the  p r e s e n t  data for plan t hormone analys i s , one shoul d  keep in mind 

that  n o  c onclu sive ident i fi c a t ion can be d rawn from a c ru d e  e xt rac t io n  

wit h a l imit e d  numb e r  o f  pu r i fication  step s , unle ss c hemic al-phy s i c a l  

proper t ie s  o f  ple nt hormon e s  a r e  analysed by G C -MS or  in frare d spe c t r o ­

sc opy . T h e  pr e se nt resul t s , there fore , provide o n e  p o ssible  approach  

to  solving  the problem of  und e r t aking a c o mple t e  analysis of  small 

quan t i t i e s  of  plant  hormone s .  Re c en t l y  Hopping and Buckovac ( 1 973 ) n o t e d  

t h a t  o n e  d imen s ional c hroma t o graphic re sul t s  c an easily mislead t he 
11 

in t e r pr e t a t ion  o f  the pat t ern o f  plant hormone s which  exi s t . Klin g s t rom 

( 1 96 7 )  a l s o  p o i n t e d  out that  generally 50 or  more sub s t an c e s  can b e  su s ­

p e c t e d  o f  having s i�i l a r  c hroma t ograph ic prop e r t ie s .  

The re have b e e n  many stud i e s  s e e king t o  d e t er�ine t he pre s e n c e 

o f  auxin -l ike sub stan c e s  in apple t i s sue s ( Lu c kwill , 1 952 ; Hanc o c k  and 

Barl ow , 1 953 ; Ha t c her , 1 959 ; Kat o  and I t o , 1 962 ; Neumann , 1 96 2 ; 

v on Bargen , 1 96 0 ; Mar t in and St ahly , 1 968 ; Hopping , 1 96 8 ; Me l ' n ikov 

and Leb e d e v ,  1 97 1 ; IL ' M , 1 97 1 ) .  

Luc kwill and Powe l l  ( 1 9 56 ) and Luc kw i l l  ( 1 957 ) prod u c e d  · 
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e v i d e n c e  t hat I AA wa s ab s e n t  from various t i ssues  in app le t re e s  e .  g • '  
l e ave s ,  s e e d s , appl e s . Howe ver Kenwor t hy and Harris ( 1 96 1 ) c harac t e r ­
i z e d  physioc hemically t he pre se n c e  o f  I A A  i n  apple t is su e s  o f  G o l d e n  
D e l i c i ou s , b u t  not  o th e r  sample s  and varie t ie s  o f  app l e s . Tu s t in ( 1 97 5 )  
ob t ained a high c on t e n t  o f  IAA-l ike sub stan c e s  at R f  0 . 2 - 0 . 4  chroma t e ­
grams i n  appl e stems o f  MM 1 06 ro  t t k o s  oc  s ,  repre sen t i n g  1 . 0 u g  e qui . 
vale n t  t o  IAA  per dry we i gh t  o f  stems  t ake n  in  early au tumn . I t  mu s t  
b e  e mphasi sed , howeve r ,  t ha t  the me t h od o f  e x t rac tion  a n d  pur i fi c a t ion  
u se d  should be c on sid e red when e valuat in g  d a ta about  I A A - l ike sub s t a n c e s 
r e p or t ed in the lit erat ure . 

A f ter the  e x t ra c t ion proc edur e s  were established  as shown 

in Table  6 ,  the apple l e av e s  take n on the 1 2 t h  o f  Novemb e r  were t e st e d  

a c c ord i n gly . The pre sen c e  o f  auxin-l ike sub stanc e s  in the frac t i o n s  o f  

s i l i c a  gel - c e l ite c o lumn whe re 1 4C -IAA  peaked t o  1 5  ml was c learly s h o wn ; 

6 �fo o f  1 4c -IAA  wa s rec overed at the same Rf  a s  auxin -l i ke sub stanc e s  

from  l e a f  e xt rac t s .  However , the ac tivit i e s  o f  auxin-l ike sub s t an c e s  

w e r e  no t proporti onal t o  the  amount o f  l e a f  e xt ra c t  assayed . In  o th e r  

word s , t h e  highe st a c t i v i t i e s  o f  auxin-l ike substan c e s  we r e  d e mo n s t r a t e d  

w i t h 2 . 0 a n d  0 . 2 gram d r y  we i ght  l e a f  sample s ,  while 1 . 0 gram d r y  w e i ght 

l€a f  sample s  gave l it t l e  a c t ivity in b ot h  silica  gel-c e l i t e  c o lumns and 

c e l l u l o s e  t hin layer plat e s . Po ssibly intera c t ions oc curred b e t we e n  

promo t e r s  and inhib itors  or  c ompe t it i on o c c urred betwe e n  whe a t  and o a t  

c o le o p t i l e s  for t h e  u t i l i zat ion o f  ac t ive c omp onent s .  I n  fac t , Le t ham 

and Davison ( pe r s o nal c ommuni c at ion ) empha s i s e d  that 1 or  2 logar i t hmic  

d i lu t i on s  of  the extrac t s hould b e  b ioa ssaye d . I t  i s  t e c hnically d i f fi ­

c u l t  t o  full y  replicate  e xp e r imen t s  c onc erned  with  hormone analys i s  but  

i t  is  wise to  make at  l e a s t  1 or  2 d ilutions  of  e ach  sampl e  which  c an 

t h e n  b e  bioa ssayed t o ge t he r  w i th the  ful l  st rength sample . 

I n  c o lumn c hromat o graphy , two groups  o f  auxin-like sub s t an c e s  

in t he aliquot  e quivale n t  t o  2 . 0 gram dry  we ight we re f ound a s  shown in 

Fig . 2 1 -C and po ssibly t hree  group s in t he 0 . 2 gram sample  ( F i g . 2 1 - A ) . 

H ow e v e r  this  auxin a c t iv i ty c ould n o t  b e  d e t e c t e d  when t he s il i c a  ge l 

elua t e  wa s s ub j e c t ed t o  fu r t h e r  cellulose thin  layer c hroma t o graphy , 

al t h ou gh a c t ivity c ould b e  found a ft e r  TLC when the sample  had n o t  firs t  

b e e n  passed  t hrough a silica  gel - c e l i t e  c o lumn ( see  Fi g . 26 ) .  The 

d i f fe re n t  kinds of auxi n - like sub s t an c e s  in apple le ave s re quire fur t he r  

de t a i l e d  exp erime n t s . Luc kwill  ( 1 957 ) indica t e d  there are a t  l e a s t  t hr e e  

auxins  i n  apple l e ave s a n d  see ds . Han c oc k  and Barlow ( 1 953 )  a l s o  d em o n ­

s t ra t e d  that auxin -l ike sub stanc e s  i n  apple  l e ave s varie s ac c o r d i � g  t o  

l ea f  a ge , t he ape x and l e a f  primordia having h igh ac tivity on ly a t  the 

Rf o f  IAA , t he l e ave s at t he 1 st and 2nd node s fr om the t ip had s l i gh t ly 
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l e s s  a c t ivity  a t  this  R f  while  the le ave s at  t he 7th and 8 t h  nod e s  

s h ow e d  auxin a c tivity only a t  R f  0 . 8 - 1 . 0 ,  and t he l e ave s a t  t he 1 5t h  

and 1 6 t h  nod e s  had aux in - like su bstan c e s  a t  R f  0 . 0 . -0 . 3  and R f  0 . 8 - 1 . 0  

b u t  n o t  at any o ther R f . I n  the pre s e n t  stud ie s the  l e a f  samp l e s  were  

t ake n o n  the 1 2 t h  of  N ov e mb e r  and in c lud ed  several lea f a ge s .  

I t  mu st b e  e mpha sised with the pre sen t s tud ie s t hat  the o a t  

c o le opt ile se c t io� s  w e r e  a b l e  t o  d e t e c t  a n  auxin-l ike sub stance  in  

frac t i o n s  dire c t l y from t he silica ge l -c e l i t e  c o lumn , e ven though int e r ­

a c t i on or  inhibit ion by o t h e r  hormone s may have bee n  o c curring . The 

grow t h  of oat and whe at c ol e optile  se c t io n s  a t  t he 1 3t h  frac t ion  is o f  

i n t e re s t  b e c au s e  oat c o l e opt i l e s  were  st imul a t e d  wh ile wheat c ol e o p t i l e s  

we re inhibit e d . I n  fac t ,  the d e gree  o f  in terac t ion be tween  I AA and ABA 

( inhib i t or-� ) was d e pe n d e n t  on t he c o n c en trat i o n s  of inhib i t o r s  ( se e  

Hou s l e y  and Tayl or , 1 958 ; van Stenve ninc k ,  1 95 8 ; Robin son  and Ware in g ,  

1 964 ) . A t  t h e  1 3t h  fra c t i o n  t he oat  c ole opt ile growth was  signi ficantl y  

increase d , repre s e n t in g  0 . 08 75 p g  e qu ival ent  t o  IAA , whe reas  the whea t  

c o le opt ile s e c t io n s  i n  the  same tube ind i c a t e d  0 . 0 1 pg o f  A B A  e quivale n t  

p e r  t w o  gram d ry we ight . At least  0 . 1  p g  o f  ABA per m l  i s  re qu ired t o  

s i gn i f i c antly reduce  t he growt h o f  oat  c ol e o p t i l e  se c t io n s  a s  shown in 

�he A BA standard calibra t i on ( see  Fig . 1 8 -B) . Although the oat c ol e o p ­

t i l e  s e c t ions are n o t  part ic u l arly s e ns it ive t o  inhibi t o r s , t h e  inhib i ­

t o r s  should b e  e l iminated  from the frac t ions  t o  be b i oas sayed . A l s o  i t  

i s  surprising t hat  i n  t he 9 t h  and 1 0t h  fra c t i o n s  the wheat c o le op t i l e  

se c t io n s  were st imulat ed  b u t the  oa t c ol e o pt il e  s e c t ions  were  n o t , p o s s i ­

bly  b e cause  o f  t h e  pre se n c e  o f  ABA-like sub stanc e s .  The phenomena 

sugge s t  some me c hanism involving c ompe t i t ion o f  utiliza t i on o f  the 

a c t ive c ompon e n t  at the low  l e vel . Thi s may b e  d ue t o  c omparat ive rat e s  

o f  e longa t ion  o f  oat and whe a t  c o l e op t i le sec t i on s , whea t  i s  f a s t e r 

t ha n  oat s  ( Bu r s t rgm ,  1 973 ) . I t  shou l d  b e  n o t e d  that s l i gh t  i n t e ra c t i on 

b e t we e n  d i ff e r e n t  type s o f  c ol e op t i l e  s e c t ion , a l t hough n o  s i gn i f i cant 

d i f f e r e nce  was found ( se e  Fig . 1 8 ) . 

The re is  a po s s ib il i t y  o f  syne r gis t ic e ff e c t s  o f  IAA w i t h  

GAs  a n d  antagon i s t i c  e f fe c t s  wit h · inhib i t o r s , a s  d e t e rmin e d  wi t h  the o a t  

a n d  whe a t  c ol e opt il e  sec t i on s ,  w h e n  the  frac t i o n s  d ire c t ly c o lle c t e d  

from t he sil i c a  ge l - c e l i t e  c olu mn were u s e d . Howeve r , t h e  o a t  and wheat  

c o le op t i l e  se c t ions are  only sl ight l y  sensit ive to  gibbe r e l l in s  as s hown 

a l s o  by Thoma s , Wareing and Robin son  ( 1 96 5 )  and Siro i s  ( 1 966  and 1 96 8 ) . 

The ac t ivity o f  auxin�like sub stance s at t he 1 3 t h ,  1 4 th and 1 5 t h  frac t io n s  

are unlike ly t o  be influ e n c e d  b y  gibb e r e l l in s ,  sinc e firstly  t he b i o a ssay 

i s  in s e n sitive t o  gibbere l l in s as me n t ione d  abo ve and s e c ond l y , gibb e re l ­

l in s  c ou ld not  b e  d e t e c t e d  u s in g  the d warf  ric e and barle y end o sp e rm 
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b ioas says ( se e  Fi g .  2 0 -B 1 and 2 ) .  In the  pre l iminary t e s t  for  the 

frac t i onat ion o f  d i f fe r e n t  gibberellins  from  t he sil i c a  gel -c e l i t e  

c o lumn b y  GLC , t he data was n o t  c lear due t o  interfer ing subs tan c e s . 

However ,  in  the resul t s  o f  Kha l i fah , Lewi s , and  Coggins  ( 1 965 ) , GA7 was 

e lu t e d  b e tween GA 1 and GA4 , but no  a c t ivi t y  was found at that  p o sit ion 

in the pre se n t  work u s i n g  apple l e a f  e xtrac t s . 

In the above se c t ion d i s c us si n g  t he chromat o graphy and b i o ­

a s say o f  auxin -l ike sub s t an c e s , ABA w a s  inv o l ved  t o  a c e rt ai n  e xten t ,  

t he r e fore ABA-like su b st an c e s  are d i scu ssed  brie fly below . 
In apple t re e s , ABA ( i nh i b i t or- � )  has  b e e n  demonstra t e d  i n  

vari ou s  t i s sue s ,  e . g . , leave s ( Luckwi ll , 1 952 , 1 957 ; Luckwill and  
Powe l l , 1 956 ; Pien iazek and  Rudni cki , 1 967 ; Pene zek , 1 971 ) ;  s h o o t s 
( Neumann , 1 962 ) ; S e e d  ( Ru d n i c ki , Sinska , a n d  Lewak , 1 972 ) ; xylem 
sap ( Da v i s on , 1 965 ) ; bark o f  EM IX , and EM XV,I ( Mart in a n d  S tably ,  
1 96 8 ) ; shoot  tips  ( Road , Mon s e l i s e , and Sparks , 1 973 ) . The A BA 
c o n t e n t s  i n  the shoo t s , leaves  and  r oo t s  were u s e d  a s  the  c r i t e r i a  
for  the  d e gree o f  dwarfing  o f  apple r o o t s t ocks  ( Ya dava a n d  Day t o n , 
1 972 ) • 

The use o f  the  p o oled 1 , 000 ml frac t i on from Sepha d e x  G - 1 0  

for  the  d e t e r mi n at ion o f  I AA and GAs was dec i d e d  by e xpe rime n t i n g  w i t h  
1 4

c - I AA and b y  u s in g  t h e  d a t a  o f  C r o z i e r  e t  al . ,  ( 1 968 ) . Howev e r , t h e re 

were n o  data  ava ilable for  fra c t i onat ion o f  ABA from Sephad ex G - 1 0 . 

There fore the a u t i on behavi our o f  ABA fro m  the c olumn was pre l iminarily 

t e s t e d  and  the  re sul t s  are shown in Fig.  32 . Most of  the  ABA wa s e lu t e d  

i n  t he first 300 m l  fra c t i on , There fore 1 , 000 m l  whic h was e lu t e d  f o r  

auxin and GA - l ike substan c e s  w o u l d  c ontain nearly 1 00% o f  ABA f r o m  t h e  

Sephad ex G - 1 0  c o lumn . C onse que n t ly the 1 , 000 ml fra c t io n  from Sepha d e x  

G - 1 0  w a s  u se d  for the d e t e rminat ion o f  A E A  t o ge t her wit h I A A  and G A - l i ke 

sub s tanc e s . 

The pre se n c e  o f  an ABA-l ike sub stanc e was c learly d em o n s t r a t e d  

by c e l lu l ose t hin layer c hroma t o graphy o f  t h e  1 1 th ,  1 2 t h  and 1 3 t h  

frac t i o n s  us ing  the silica  g e l - c e l i t e  c olumn . The frac t iona t i on o f  AB A ,  

a s  d e t e c t e d  b y  GLC , was in c on c l u sive and the  e lu t ion  be haviour o f  ABA 

from the c olumn should b e  r e - e xamined , if  the ABA is e lu t e d  from the  

c olumn near IAA  a s  indic a t ed b y  the c o -exist e n c e  o f  I A A  and  ABA  a t  t he 

1 3 t h  fra c t io n  in Fig . 2 1 -C ,  then  the  fir s t  230  ml fra c ti on c ould b e  sub ­

j e c t ed t o  Sephadex  LH -20 c hroma t o graphy so that IAA and ABA can  b e  

c l e a rly separa ted  from eac h o t h e r  (Elia s s o n , 1 96 9 ) . The separa t ion o f  

I AA and ABA f r o m  a Se phad ex LH-20 c o lumn i n  a pre l iminary expe rime n t  

wa s a c h i e ved , two  main peaks o c c urring separa t e d  by 6 0  ml . I n  the  

prel iminary t e st , the  ac idic  e t hyl acetate  fra c t ion from l e a f  samp l e s  
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was sub j e c te d  t o  Se phad e x  LH-20 ch romat o graphy fo llowe d  by  c e l lulose  

thin laye r c hromR t o graphy . Usin g the whe a t  c o l eop t i le s t raight  t e st , 

aux in-like sub s t an c e s  a t  the  IAA p o s i t ion  and ABA-like sub s t anc e s  a t  

t he R f  o f  ABA w e r e  c lear l y  d e t e c t e d . The re fore i t  was in t en d e d  t hat  

Se phad ex LH-20 b e  u sed in the proc edure s listed  in  Table 6 ,  bu t t ime  

wa s no t availab l e  t o  d o  so . 

1 0 . 4 . 2 .  Gibb e r e llin -like sub stanc e s  

Be c a u s e  o f  d i f fic ul t ie s  in pur i fi c a t ion due t o  i n t e r ferin g 

substanc e s  in apple leave s ,  or the  large quan t i ty o f  samp l e  re quire d , 

examples  o f  ide n t i fication  o f  GA -like sub s t a n c e s  in le ave s are rare in 

the lit erature . In  c ont rast  t he id e n t i fi c a t ion and a c t i v i t y  o f  gibb e r ­

e l l ins  such a s  GA4 , GA7 and GA 9 f r o m  apple see d s  i s  w e l l  d o c ume n t e d  

( T a u t vydas , 1 96 5 ;  Dennis and Ni t s c h , 1 96 6 ; Luckwill and Whyt e ,  1 96 8 ; 

Lu c kwill , Weaver and MacMil la� , 1 96 9 ; Sin ska and Lewak , 1 970 ; Smolenska 

and Lewak , 1 97 1 ; Sin ska , Lewak , Ga skin an d MacMill an , 1 97 3 ) . The 

pre se n c e  o f  gibb e re l l in s  has been  re por t e d  in t he d i ffusa t e  of  apple 

sh o o t s  (Grau slund , 1 97 1 , 1 972 ) ;  xyle m  e xudat e ( Jones and Lac ey , 1 968 ) ; 

t h e  e xudat e o f  r o o t s t ocks ( Ibrahim and Dan a ,  1 97 1 ) ; whi l e  GA4 and 7 
a c t ivity in apple sh o o t s  has b e e n  d e t e rm i n e d  by Ka t o  and I t o  ( 1 962 ) and 

Mu rave v , Tyurina and Me t l i t skii ( 1 972 , 1 97 3 ) , while studyin g gravimorphic 

e f fe c t s . 

Tau t vydas  ( 1 96 5 )  ob t a in e d  a 36% inc re ase in l e t tu c e  hyp o c o t yl 

length  over the  c o n trols  ( e quivalent t o  0 . 003 u g  GA3 ) from t he ac idic  

aqueou s  phase of  80  mg fre sh we igh t  of  app le  leaf  sample s chromat o graphed  

wi t h  e t hyl ac e t at e : n -hexane ( 7 5  : 2 5 ) . He c ould not  fully e valua t e  

hi s re sul t s  be cau s e  o f  impu ritie s ,  a s  more  t han 8 0  mg o f  l e a f  sample 

inh ibited l e t t u c e  hypoco tyl grow t h . Hoppi n g  ( 1 96 8 )  found some d i ffer­

en c e s  in  gibb e re l l in ac t ivity in  apple  sho o t  t ips b e tween Alar t re a t m e n t  

and c o n t r o l  u s i � g  t he barle y  endosperm t e st and u sing t h e  e x t ra c t ion 

pro c ed ure o f  Kend e a�d Lang ( 1 96 4 )  and s il i c a  ge l t hin layer c hromat o ­

grap hy . He ob t a i n e d  high reduc ing sugar l e vels  in re sponse t o  gibbe re ­

llin a c t ivity  from t h e  R f  0 . 0-0 . 1 in s i l ic a  ge l t hin laye r in spi t e  o f  

problems  o f  in t e r fe r in g substanc e s . Expe rime n t s  on e nd ogen o u s  p lant  

hormone s in  apple  l e ave s were  repor t e d  t o  b e  i n  pro gre ss  ( Road , Weaver 

and Bidd ingt on , 1 96 8 ) , but a s  yet  t he re are no repor t s  from t h em . Mo s t  

re c e nt ly n o  d i f fe r e n c e  i n  gibb ere l lin c o n t e n t s  was found ' in spur l e a ve s 

b e t w e e n  fru i t in g  and non - fruiting t re e s ,  on  ext ra c t in g  auxin s and  gib­

be r e llins with d i c h l o rome t hane wi t h  b u f fe r  solu tion  (pH  4 . 0 ) , and u sin g 

twi c e -run paper c h r oma t ography in ord e r  t o  re move phlorizin ( La c e y  and 

Ful ford , 1 974 ) . 
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I n  the pre s e n t  studie s ,  at  l e a s t  4 - 5  gibbere l l in-like sub­

s t an c e s  we re d e t e c t e d  by Tan -gin b o zu dwa r f  r i c e  seedlings a f t e r  s i l i c a  

ge l - c e l i t e  c olumn c hromat o graphy a n d  two kind s o f  gibbe r e llin - l ike sub­

stanc e s  froru t hin layer c hro mat o graphy b e f ore subj e c t in g  to t he c o lumn 

c hroma t ography . Un for t un a t e �y the gibbe re l lin -l ike sub s t an c e s  in  c e l lu ­

l o s e  t h in layer c hroma t o gr aphy o f  t h e  mat e rial e lu te d  f r o m  t h e  c o lumn 

showe d only one kind of  gibbe re llin , p o s sibly due to the fungal c o n t ami� 

na t i on obse rved durin g b i o a s sa y .  In t h e  p r e l imi nary t e st w i t h  c e l l u l o se 

t hin layer chromat o graphy ,  some gibbere l lin a c t ivi tie s we r e  found . 

The r e fore the  d i sappearan c e  o f  some gibbere l l in ac t i v i ty in c e l lu l o s e  

t hin layer  c h r omat o gra phy sh ould b e  a sse ssed  in fur t her  work . 

One remarkable  aspe c t  w a s  the high gibbere ll in a c tivi ty e x ­

hib i t e d  i n  t h e  frac t i o n s  a ft e r  add j n g  Me OH t o  t h e  c olumn i n  t wo gra d i e nt 

solvent  sys t e m s , tha t i s  a t  t h e  3 � th t o  40th  fra c t i on s  in the so l ve n t  

sys t e m  A ,  c hl oro form , e t hyl  a c e t a t e  a n d  Me OH , a n d  at the  6 7 t h  t o  6 9t h  

i n  t h e  solvent  syst em B ,  P -hexan e , die thyl e th e r , e t hyl a c e t a t e  and 

Me t han o l . The gibbere ll i n s  frac t i o n a te d  by the c olumn were  not  i n t e n ­

sively s tud ie d , although one  pr e liminary e xpe riment u si n g  GLC w a s  un ­

suc c e ss ful , due  t o  high l e v e l s  o f  c ontaminan t s . Re gar d in g  the a c t iv i t y  

o f  ind iv idua l fra c t ions one  c an re fer t o  t h e  work o f  Kha l i fah , Lewi s 

and C o ggins ( 1 96 5 ) , ke eping a few things in mind . A lt hough the t e c h­

n i que s were  somewhat d i f fe r e n t  i t  w ould seem  that one o f  t he GA-like 

sub s t an c e s  wa s GA3 when the r e su l t s  w e re c omparP d to those of Kha l i fa h  

e t  al . and a l s o  b e c au se o f  i t s  behavi our i n  c e l lular TLC . A ft e r  TLC 

gibbe r e l lin a c t ivity  wa s f ound at  Rf 0 . 2 -0 . 3 ( Fi g . 2 2 -C 1 -2 ) , bu t a l s o  

a t  0 . 0-0 . 1  ( Fi g . 2 2 - E ) , p o s s ib ly due  t o  o ve r -l o a d ing . A l t e rnat ive ly 

the a c t ivity  is  not  due  t o  G A3 but  t o  othe r kin d s  o f  GA , on t he bas i s  o f  

the  survey b y  Murakami ( 1 97 0 )  o f  86 spe c ie s  using  t he mic r od rop me t hod 

for  the  dwar f rice  bioa s say , al though data  for  Malus sp . were  n o t  

report e d . Murakami ( lo c . sit . ) be lieved  that  m u c h  o f  the a c t ivi ty 

found that most  o f  the  high a c t iv i tie s by  the Tan-ginbozu  dwarf a s s ay 

a t  t h e  R f  o f  G A3 i s  n o t  due  t o  GA3 but po ssibly  due t o  GA1 9  in man y 

spe c ie s .  However , in the  pre sent  s t ud ie s , the  frac t ions  had high 

ac t iv i t y  in the barley end o sp e rm t e s t  whi c h  is insen sitive to GA 1 9  
( Cr o z ie r , Kuo , Durley aud Phari s , 1 97 0 ) . A c t ivity d e t e c te d  b y  t he 

barley e r.d o sp e rm t e s t  c ould  p o ssib ly be a t t ribu t e d  t o GA� , GA2 , G A2 2  
o r  G A2 3 • O f  the gibbe r e l l in s  men t ioned  above , GA 1 might b e  one whi c h  

showed a c t iv i ty in the frac t io n , i f  i t  i s  n o t  due  t o  GA3 • Kha l i fa� e t  

al . ,  ( 1 96 5 )  d e monstrated  t ha t  GA 1 wa s e lu t e d  in t he 50-90 ml fra c t ion  

from  t h e  silica  ge l -cel i t e  c olumn b ut in a prel iminary test  in  t he 

pre s e n t  work , u s in g  GLC a f t e r  c o lumn c hromat o graphy , GA9 s e e me d  t o  be 
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e lu t e d  in the posit ion o f  the GA 1 fra c t io n s ob tained b y  Khal i fah e t  a l . , 

( 1 96 5 ) , a l t hou gh the pea k o f  GA9 was c on tamin a t e d . There fore , t h e  

fra c t i ona t io n  o f  GA s frorr. the  c olumn m u s t  b e  re -e xamined . 

The a c t iv i t i e s  o f  gibbere llin -l i ke substanc e s  at t he fra c t ion s 

men t i oned ab o ve c o inc id e d  with  a re gion o f  i n t e nse c oloure d c o mpone n t s  

whi c h  seve rely  in hib i t e d  the dwa r f  r i c e  s e e dl in gs . When t e s t  tube s were  

u s e d  in  t he dwa r f  r i c e  bioassay , the  c ol oured  c omponen t s  were  ob serve d 

al o n g  the in s id e  sur fa c e  o f  the tube s .  The upward moveme n t  o f  c o loured 

c ompon e n t s  mi ght help t o  r e duce the amount  of  inhibi t o r s  s o  that the  

dwa r f  ric e see dlings c ould be promo t ed bv g ibbe rellin-like subs tanc e s . 

In spite  o f  n o  r o ot s ,  t h e  first  l e a f  sheath o f  the  dwa r f  ric e see d l ings 

was s t imulat e d  b y  frac t i on 41  a f t e r  chroma t o graphy o f  5 gram dry we i ght 

lea f sample s ,  whe reas t he seedl ings were all d e ad at  the 42nd and 43rd 

fra c t ions . This also o c cu rred with  the 1 gram dry we i gh t  J e a f  sample s 

in the  s olve nt  systerr. A . The dwar f r i c e  see d lings had a sti f fn e s s  in 

the ir tissu e s , p o ssib l y  b e ing due to a change of c arbohydrate  me tab o li s m  

whi c h  c ou l d  ind i c a t e  t he p r e se n c e  o f  gibb e re llins ( Vl i t o s , 1 974 ) . T he 

phenomena have been obse rve d in  p e dunc l e  o f  grape and c he rry t r e e s  whe n  

dipped and d renc hed with  gibberelli n s  ( Park , 1 96 1 , 1 96 5 ) . Be cause o f  

inhib itors  pre sen t , ac curate  quan t i t a t ive analysis c c u ld n o t  b e  o b t a i n e d  

i n  t he pre sent  studie s . I t  is c l e ar t h a t  the  inhibitor  mu s t  be  re m o ve d 

b e f o re bioa ssay but , on the  othe r hand , i s  t he r e .  some sy nergi s t i c  fac tor 

involved in t he same fra c t ions as we ll a s  inhibit ors?  Even phl o r i z in 

whi c h  is known t o  be in hib i t ory ( Grochow ska , 1 96 3 ) , can , a t  l ow c on c e n ­

t ra ti ons , be syne rgi s t ic wi th  IAA in the A v e n a  c oleoptile  b i oa s say 

( Gr o c h owska , 1 966 ) . Thi s phenomenon was  also  f ound with  gibbere llin s 

in t he le t tu c e  hypo c o t yl b i oassay ( Tautvyd a s ,  1 965 ) . Jone s , Hat fie ld , 

Pat t e r son and Hopgood ( 1 972 ) studyin g the int e ract ion o f  sap fac t o r s  

wi t h  I AA i n  oat  repor t e d  a similar syne rgi s t i c  respon s e  o f  i s o l a t e d  

sho o t s  t o  ph l o r o glu c ino l . W i t h  the  dwa r f  rice  bioassay , t h i s  que st ion 

i s  n ow open for fur t he r  in ve stiga t i o n , a l t ho u gh it is unl ike ly t ha t  the 

frac t i ons with which dwa r f  rice s e e d l ings  were promo t e d  would c ontain 

phl o ri zin , b e c ause m o s t  phenolic c ompoun d s  remained in the e t hyl a c e t a t e  

from which carboxyJ i c  m o i e t ies were  removed  b y  sod ium b i carb onate  

( Po we l l , 1 964 ; Re id and  C arr , 1 9h 7 ; Baye r , 1 96 9 ) . S t imula t io n  o f  

dwa r f  rice  seed lings a ft e r  c olumn chroma t ography was a l s o  ob s e r v e d  a t  

the 2 R th-3'5th  frac t i o n s u s i n g  solvent syst em A . The ac ti'vi t y  may p o s s i ­

b l y  b e  the gibb e r e ll in - l ike subs tanc e s  a t  t he 4 4 t h  a n d  4 8 t h  frac t i o ns in 

t he solvent system B ( see  Fig . 2 0 - A3 and B2 ) .  

The pr omo t in g  ac t ivi t ie s o f  t ho se fract ions might be due t o  

GA5 , o n  t h e  basis  o f  t h e  work o f  Khali fah e t  al . , ( 1 96 5 ) . I n  c o - c hroma­

t ograpty b y  GLC ( see  Fig . 2 5 )  there are thr e e  smal l peaks near the  
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r e t en t i o n  t ime o f  GA4 , t he t hird small  p e a k from the re ten tion t ime o f  

G A4 might b e  a peak o f  GA5 i n  c on s id e rat ion o f  the r e t e n t ion  t ime o f  

G A 5 i n  the prel iminary t e s t  u sing GLC . There i s  s li ght ac tivity  o f  

gibb e r e llin in the R f  0 . 5 - 0 . 6  in c e llu l o s e  t hin laye r c hroma t o graphy 

( se e  Fig . 22 -E 1 ) .  The a c t iv i t y  c ould be  b o t h  GA4 and GA5 o r  j u s t  GA4 • 

G A4 and GA5 migh t be s eparat e d  from e a c h  o t h e r  in the  c e l lu l o s e  t h in 

layer a s  shown in Fig . 2 8- A  or not  se para t e d  as shown i n  F i g . 2 8 -B . I n  

the  b a r l ey e nd o sperm te s t , the  ac tivity was l ow sugge s t in g  tha L the 

gibbere llin may be GA5 • T he reason is  that  whe n  t he c o n c e n t ra t ion o f  

G A5 i s  very high , then t he re spon se o f  bar l e y  e n d o sperm t e s t  i s  hi gh , 

bu t the  response  fal l s  o f f  v e ry rapid ly at  l ower c on c en t ra t i o n s 

( Cr o z i e r , Ku o , Durley an d Phari s , 1 970) . 

The ac t ivi t ie s  in the 1 8 tb and 2 0 t h  fra c t io n s  in  the  solvent  

svstem  A ,  and the  2 7 t h  and  2 9th fra c t i o n s  in the  solvent system  B might 

be due to GA4 ( Khalifah et a l . ,  1 96 5 ) . I n  �ac t
. 

the small peak in GLC 

( se e  Fig . 2 5-A , B ,  C ;  GA4 ) wa s at t he re t e n t i on time o f  GA4 . In 

c e l lulose  t h in layer the G A4 or GA5 - like sub stan c e s  o c c urred  at R f  

0 . 5 -0 . 6 in Fig . 2 2 -E . 

A c tivity wa s a l s o  d e t e c t e d  at  the fraction from t he 5 t h - 1 0th 

i n  t he s olve n t  sys t em A and at  the 1 4 t h- 1 5 t h  fract ions in the s olvent 

system B ( se e  Fig . 2 0-A3 , B2 ) . I n  t h o se fra c t ior.s , there are s everal 

t hings t o  be c on sidered c on c e rning t he ac t i v i t y  shown by dwarf ric e 

s e e d lings , i f  we c onsider  1 0% grow t h  ove r c on t rols  to be due t o  

gibb e r e l lin s ( Murakami , 1 96 8 ) . First l y , GA 1 might be r e sponsible  for  

t h e  ac t i vity  ( se e  Kha li fah e t  al . , 1 965 ) bu t then  one would expe c t  

a c t i v i t y  in t h e  barley e n d o sperm t e s t ; n o  a c t ivity wa s found ( see  Fig . 

2 3 -A 1 and B1 ) . GA 1 wa s e lu t e d  in ne arly t he same fra c t i o n s  as GA3 , 

u sin g par t i t ion c hroma t o graphy ( Denn i s  and N i t sc h ,  1 966 ; Powel l  and 

Tau tvyd a s ,  1 96 7 ) . Se c on d ly , the polar gib be r e l l in GA9 might be re spon­

sible  for the  a c t ivi t y , c on side r in g  the  e lut i o n  be haviour in the  par­

t i t io n  c olumn c hroma t o graphy as me n t ioned above , po ssible d e t e c tion  by 

GLC in t he p r e s e n t  pre liminary t e s t , no a c tivit y in the barley endo­

spe rm t e st , and  the  b e hav iour in  c e llulose t h in laye r c hromat ography 

u s in g  t he so lvent syste m  MAAW ( see  Fig . 2 8 - A  and B Rf 0 . 87 -0 . 92 and 

0 . � -0 . 9 re spe c t ively ) . Howeve r ,  it  should b e  remembered  that G A9 might 

b e  par t it ioned slightly in t o  p e t r o l e um e ther unrl er acidic c ond i ti o n s  

( se e  Durley e t  al . ,  1 972 ) . 

S mall peaks a�peared at the  50th  frac tion in s o lv e n t  s y s t e m  

A a n d  at  t he 9 0 t h  and 9 1 s t  fra c t io n s  in solvent  system B .  T h e  gibbe r e ­

l l in - l ike sub s tance  in t h e se fra c t ions wa s e lu t ed by 80% MeO H  in  e t hyl 

a c e ta t e  in b o th the solvent  systems ( see  Fig . 1 3  and 1 5 ) . As i nd i c a t e d  
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in the  available  re fere n c e s  on GAs in  the silica gel-c e l i t e  c o l umn 

c hroma t o graphy ( Khalifa h  e t  a l . , 1 965 ) , it may be a GA8 -l ike subs tanc e . 

Un fortunately c e llulose  thin  layer c hromato graphy had b e e n  

un suc c e s s ful f o r  some r e aso n or o t he r .  I t  should not  b e  c onc lud e d  that 

ce llulose  t hin  laye r c hroma t o graphy i s  not sui table . 

Neve r t h e less , in spite  o f  the  high c ontent  o f  inhibi tors  in 

the extrac t , the  t e c hn ique c l early shows t he existe nce  o f  gibbe rellin­

like subs tan c e s , al though proportional ac tivitie s c ould n o t  b e  obtained 

with a d ilut e d  c on c entra t i on of plant e x t rac t .  

The a l iquo t s  o f  each  fra c t i o n  were te sted simu l tan e o usly u s ­

in g b o t h  t he � -amyla se and gluc ose t e s t  a n d  u s in g  separate  t e s t  tub e s in 

the  system A s i l i c a  ge l - c e lite  ( se e  8 . 4 . 1 . 4 . 2 .  and 9 . 4 . 2 . 1 . ) .  It was 

su rpris in g  to  s e e  h igh a c t ivit ie s  of  � -amylase in all  frac t i on s , a l t hough 

c hanges in in t e n s i t y  were similar t o  the  glu c ose  t e st . A t  one stage o f  

e xpe r ime ntat ion wi t h  � -amylase t e s t , a d i ffe re nt s our c e  o f  p o t a t o  pow­

d e r  b r ou ght a b out  t he same problem . N o  a t tempt was made to  find out the  

re a son and t he re a f t e r  u se of  the  � -amyla se test  was aband on e d . One 

thi� t o  ment ion here about the bar l e y  e n d o sperm test  i s  t hat  in the  

sy stem B sil i c a  ge l - c e l i t e c o lumn the  a c t ivity in the  glu c o se t e st was 

l ow a s  c ompar e d  wi t h  the  act ivity o f  fra c t ions  from the sys t e m  A silica 

ge l -c e lite  c ol umn ( se e  also  Crozie r ,  Kuo , Durl e y  and Phari s , 1 970 ) . 

1 0 . 4 . 3 .  Cyt okinin -l ike sub st anc e s  

A r i c h  s our c e  o f  cytokinin-like subs t an c e s  in apple  frui t ­

le t s  was inv e s t i ga t e d b y  several worke r s  ( G o ldacre and Bot t o mley , 1 959 ; 

B o t t omle y ,  G o ld a c re and Ke f ford , 1 96 0 ;  Bo t t oml e y ,  Ke f fo r d , Zwar and 

G o ldacre , 1 96 3 ; Zwar , Bo t t omley and .  Ke f ford , 1 963 ; Zwa r , Bru c e , 

Bo t t omley and Ke f f ord , 1 96 4 ; Le tham , � 96 3 ; Le tham , 1 96 9 ; Le tham and 

W i l l iam , 1 96 9 ;  Zwar and Bruc e , 1 97 0 ) . Z e a t in has been  found in  apple 

shoot s ( Le t ham and William , 1 96 9 )  and c yt okin in ac tivity in apple xyle m  

s a p  ( Jone s ,  1 96 5 ; Luc kw i l l  and Whyt e , 1 96� ) , wa s ma inly z e a t in-rib o side 

( Jone s ,  1 973 ) . 

Howeve r ,  the  pr e se n c e  o f  c y t okinins in apple leave s is  rare ly 

reported . Probab ly it is d i f ficul t t o  purify leaf sample s  in o r d e r  t o  

o b t ain cyt okinin a c t ivity , a s  wa s t h e  c a se w i t h  gibbere l l in s  ( see  1 0 . 4 . 2 ) . 

In the  pre s e n t  s tudie s , h oweve r , i t  i s  c lear ly d e mo n s t rat e d , 

using Sephad e x  LH -2 0 , c e llulose  TLC and the  rad i sh c o tyle don b ioassay , 

that there are s e v e ral groups o f  c y t o kinin-l ike sub stan c e s  in the  apple 

le ave s .  

In  s t ud ying the ac t ivit y  o f  c y tokinins in apple  l eave s ,  t h e re 

are several prob l e ms i f  c o lumn and D EAE c e llulose  t h in layer c hroma t o ­

graphy are u s e d . For e xample , zeat in - like sub s tan c e  i n  t he frac t i o n s  



220 

RAD ISH COTYLEDON 

� � � � � t'l? � � � ':.,;) w w � 3 ::0 .... � w � C1l � ...J 00 CO 0 .... � w (Q 
..... 

0 
0 

.... 

- - - - - -

� : 

w 

;,:. 1 6:  - - - - ·  - - -

CJI I� 
� 

- - - - - - - - - -
...J 

00 

- - - - · · J 
CO 

.... 
0 

.o 
Vt 

(.0 (.0 
0 0... a.. 0 "" "" 
o :  '< '< 
0 � � 0 CJ � � 

g <.0 '  (.0 
:::r :::r 

N w -
m 
)> .o 
-I w 
z w 

c 
tO ......... 3 

F ig . 33 . Cytokinin-like a c t i v i t y  i n  the shoot t ips of apple var i e t y  

S turtmer Pippin { S i li c a  gel TLC deve l oped by wa t e r  saturat e d  

butanol wi th two replicate s ) 



2 2 1  

where 3H- zea t i n  w a s  e lu t e d  were n o t  de t e c t ed , whether z e a t in w a s  p r e s e n t  

o r  n o t , be cause  o f  severe inhibi t ion i n  t he fra c t ion s , whe r e a s  s ome 

evidence  o f  t he p r e s e n c e  o f  zeat in c ould be se e n  in DEAE c e llul o s e  

t h in layer c hr om� t ogr aphy . Howe v e r  i t  is  not  p o ssible t o  c le aTly d i s ­

t in guish b e tween z e a t in a n d  zeatin-ribo side b e c ause both  s l i gh t l y  over­

lappeo each  o t he r . I n  add i t io n , with  5 gram dry weight of  leaf  sampl e  

the plate m a y  b e  overloaded  so  that  one c ould not  d e t e c t  a n y  a c t i vi ty 

o f  z e a t in and z e a t i n - r ibo side , alt hough s ome evidence  o f  t h e i r  presenc e 

i s  shown w i t h  1 . 0 and 0 . 5 gram dry w e i ght o f  l e a f  samp le . This ove r ­

l oading prob l e m  a l so c ould be s e e n  i n  t he a c t ivit ies  o f  Group VI whic h 

w e re developed  o n  DEAE c e l lu l o se t hin layer . The a c t iviti e s  were spr e ad 

over  almo s t  a l l  R fs w i t h  t he 5 gram d ry weight  sample , whereas  o nly one 

z one of ac t i v i ty at  R f  0 . 2 -0 . 3 was  exhib i t e d  with the one gram dry 

we ight samp l e . It is of intere s t  to n o t e  t�a t  �ith  Group V cyt okinins  

inhibi t ion o f  rad ish c o t yl e d ons d id not  o c c u r  in  the  5 ml  fra c t ions  

e luted  from t he c olumn with  even  5 gram dry we ight of  leaf  sample s ,  

whereas there  was se vere  inhib i t i o n  w i t h  the 5 gram dry we ight samp l e s  

i n  DEAE c e l lu l o se thin layP r chroma t ography , a l t hough i t  i s  c l early 

d e monstrated that the re  are three  g r ou p s  of  c yt okinin ac t i vit ie s  w i t h  

0 . 5 gram dry we ight o f  lea f sample . 

I n  t h e  pre s e n t  stud ie s c y t o kinin a c t ivity was only d e t e c t e d  

b y  rad ish c o tyle d on b i oa ssay s o f  a s i n gle c hr oma t ogram . A c c ording t o  

gene ral ob serva t i on t hrough all the experime n t s  with the  rad i sh c o ty­

l e d on bioassay , t he bioassay is  very rapid , e a sy to hand l e , and r e qu ir e s  

only a short pe r i od t o  obtain t he r e s ul t s . However , i n  ord e r  t o  c on ­

f irm a c t iv i t y  an o t he r  b i oa ssay , such  a s  soyb ean b ioassay should b e  u s e d  

and a l s o  a d i f fe r e nt solvent sys t e m  in pap o r  or thin layer c h r oma t o ­

graphy . I n  a d d i t i on , c yt okinins i n  t h e  fra c t i on s  can b e  d e t e c t e d  b y  

GLC and GC-M S  t e c hni q u e s . 

I n  t h e  pre limi nary e xpe riment wi t h  the  shoot  t ip s  o f  apple ( Se e  

F i g .  33 ) , var ie t y  S turmer Pippin  ( 5  c m  lengt h ) , a posi t i ve r e sponse o f  

r adish c o t yl e d on s  occurred a t  t hr e e  d i fferen t  Rfs i n  t h e  b utanol s oluble 

f ra c t i ons pur i f i e d  on a S ephadex G - 1 0 c o lumn a n d  on s i l i c a  ge l GF-254 

t hin laye r chr oma t ography . In the  app l e  sho o t  tips a cyt okinin a c t ive 

sub stance appe are d at  the R f  p o s i t i o n  o f  zeat in . When z e a t in -riboside  

wa s availabl e ,  t he Rf of  zeatin-rib o s id e  was t e sted on sili c a  ge l GF-

2 54 thin laye r  d e veloped  by water  saturated  in  n-bu tano l . Zeatin-rib o ­

side wa s f ound a t  R f  0 . 5 -0 . 78 , zeat in a t  Rf  0 . 5 8-0 . 6 5 , and 6 (  � , 0  -dime ­

thylallylamino ) purine a t  R f  0 . 75 -0 . 84 . The re fore cyt okinin a c t iv i ty at  

Rf  zeatin p o s i t io n  is  unl ike ly to  b e  z e a tin-riboside . Howe ver  i t  mus t  

b e  c on firmed whe t her t h e  a c t ivi t y  i s  d u e  t o  a sin gle sub s t an c e  o r  a 

c omplex ( Hewe t t  and Ware ing ,  1 97 3b ) . I n  fac t ,  zeatin was  d e t e c t e d  in 
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s t e ms b y  Le t ham ano William ( 1 96 9 ) . In apple tips , F r ie d ric h ,  Hei j mova 

and Chv o j ka ( 1 972 ) a l s o  found two c ompoun d s  w i t h  cyt o kinin a c i t ivity in 

t h e ir bioassay u sin g thin layer  c h r omat o graphy with t hre e d i f fe re nt 

so lven t systems . The o t he r  h i ghly a c t ive  c y t o kinin at R f  0 . 0- 0 . 1  is  

rat her more  non-p o la r  than zeat in . I t  is v e ry di ffi cult  t o  c ompare  with  

a known c yt o kinin . S imilarly , t he c ytoki n in s  d e t e c t e d  by  rad i s h  c o t y­

l e d ons from t he apple leave s c annot  be c ompare d wi t h  a known c y t o kinin , 

b e c au se a l imited  number o f  known c yt okini n s  were frac tionated  from the 

c o lumn . A c c ord ing t o  t he re ference  on the  e lution b e haviour o f  c y t o ­

kinins ( se e  Table 1 3 ) , i t  is  p o s sible  t o  assume t h e  remo val o f  6 ( � , 0 -

d ime thylal lylamino ) purine , zeatin , and zeat in-ribo side f r om the  

Sephadex LH-2 0 c o lumn in  the  Grou p  1 and 2 .  Beyond t hi s ,  for  o the r 

gr oups such  a s  I I I , IV , V ,  and V I , the cyt o kin in a c t i v i t ie s  have n o t  

ye t be e n  ide n t ifie d . How�ve r , Hewe t t  and W�re i� g ( 1 973b and a )  p r ov id e d  

s ome e vide nc e t h a t  t here  are d i f f e r e n t  kind s o f  cyt okinin s  pre sent  i n  

t h e  d i f f e r e n t  age d  le ave s o f  Popu l u s  x r o b u s t a  S c hne id . They o b t a ined  

a t  least  6 kind s of  c yt okinin ac t ivity in  expandin g  leave s ,  probably 

only two kini s o f  c yt okinin in apic e s ,  ann at  least 4 kind s o f  cyt okin -

in ac t i v i t y  in full y e xpand e d  upper leave s .  The phenomena wit h auxin-

l ike sub stanc e s  are a lready been d i sc u s s e d  for auxin-l ike substance  in 

apple l eave s ( Hanc o c k  and Bar l ow , 1 953 ) ( se e  1 0 . 4 . 1 . ) .  I n  the  p r e s e n t  

studie s ,  t h e  t ime o f  sampling t he spur l e ave s on t h e  1 2 t h  o f  Nove mb e r  

c o vered var ious  stage s  o f  apple  l e a f  d e v e l opment so  t h a t  there i s  a 

p o ssi b i l i t y  t hat t he y  c ould e xhibit  many d i f fe rent kind s  o f  cyt okinin s .  

The  pre se n t  data are t h e re fore , support e d  b y  the  re sul t  o f  Hew e t t  and 

Ware ing ( 1 973 d ) . 

I t  mu st be emphasi sed , howe ve r ,  tha t the me thod  o f  ext rac t ­

ion and puri ficat i on u s e d  should b e  c on s id e r e d  whe n evaluat ing d a ta 

ab out cyt okinin-ac t ivity rep o r t e d  in the  l i terature . A c ompli c a t ed 

e x t rac t i on procedure may cause s ome resu l t s  t o  be art e fa c t s  o f  t he 

p r o c ed ure u sed . The s t rong a c id s during some ext ra c t i on s t e p s  may have 

c han�ed the c hemi c a l  i d ent ity o f  cyt oki ni n s  w i t hou t d e st roying t h e ir 

a c t ivity in b ioa s say ( Zwar , Bruc e , Bo t t omle y and Ke f f o r d , 1 964 ) . Cyt o ­

kinin ac t i v i t ie s  ha ve been inc reased b y  a c id i c  hyd rolysis o f  c e rtain 

plant extra c t s  ( Ke nd e , 1 96 5 ; Ga z i t  and Blumen feld , 1 970 ) . A free  form 

o f  cytokinin may o c c ur dur ing passage t hr ou gh cation e x c hange c olumn 

( Tegle y ,  W itham , Krasnuk , 1 97 1 ) . De spi t e  t he occurr e n c e  of zeat i n and 

zeat in-rib o side  in ma ize  mil k ,  plum and apple fruitle t ( Le tham , 1 966b , 

1 96 R ; Mil le r , 1 96 5 , 1 967a ; Le t ham and Miller , 1 96 5 ) , Zwar and Bru c e  

( 1 970)  r e port ed t ha t zeatin i n  apple fru i t le t s wa s derived  f r o m  the 

a c id ic t re a t ment in the  proce dure . Furt he rmo re they c ou ld no t o b tain 



223 

zeat in -ribo si d e  o r  z e at in rib o t id e  b y  t reat in g  with lant hanum c hl o r id e  

giving some e vid e n c e  t hat it w a s  a free  ba se . 

I t  mu s t  be me nt ioned here  t hat  only the 1 6t h  t o  8 6 t h  fra c t ions 

e luted  from t he Sephadex LH-20 c o lumn were t e s t e d . Fur t h e r fra c t ions  

may  have c yt o kin in ac t iv i t y  a s  me n t i o n e d  by  Hewe t t  and  Ware i n g  ( 1 973b ) . 

1 0 . 5 .  GLC o f  authent ic plant hormone s and plant mat e rials  

As  a l read y  reviewed in  the  l i t e rature for t h e  d e t ermina t i o n  

o f  plant hormone s by GLC , re c e n t l y  t h e r e  have b e e n  a numbe r  o f  repor t s  

w i t h  promi s i n �  data  o n  the u se o f  GLC t o  e valuat e plant h ormone s .  The 

i d e a  was t o  use GLC to r e d u r e  the numb e r  o f  pu ri fica t ion  s t e p s . But 

a ft e r  exp e r i e n c e  wit h GLC , it wa s realized  tha t it was ne c e s sary t o  

pur i fy plant ma t e r i � l s  with mu c h  more  be fore in j e c t i o n  for  GLC . There 

are a numb e r  of suc c e ss ful  instan c e s  of GLC . for , the d e t e rmina t i o n  and 

i d e n t i f ic a t i o n  o f  seve ra l  plan t h o rmo ne s from non-pho t o s yn t h e t i c  

ma terials s u c h  a s  immature seed s ,  young st age o f  fru it s ,  c o t t on ovule s ,  

and xyle m  sap s . Howe ve r , it i s  n o t  s o  easy t o  e l imina t e  int e r fe ri n g  

sub stanc e s  f r o m  pho t o synt he t ic  mat e r ials . One o f  t h e  bi gge st problems 

w ou ld be t he pre sen c e  of  an in t e r fe ring substance near t he r e t e n t i o n  

t ime o f  known hormones  be cause plant  hormon e s  e xi st a t  e xc e e d ingly low 

c oncent rat i o n  in the  plan t  t issue . In the  pre sent studi e s  of plan t 

mat e rial s in GLC , i t  wa s not  p o ssible  t o  d e fini te ly ide n t i fy plan t 

hormon e s  by t he ir r e tent ion t ime o f  GA4 , G A5 , and AEA . In t he p r e l im­

inary t e s t  w i t h  the 1 60-200°C t e mp erature pr o gramme , u si n g  the same 

me thyla t e d  plan t mat erials used in F ig . 2 5 , t here se e me d  to b e  a n  IAA­

like sub s t a n c e  very close  to  the  r e t e n tion  t ime of IAA , but  it  c ould 

not  d e fi ni t e l y  be c onc lude d b e c au se t here  were many int e r fe ri n g  pe aks 

present . 

I n  t he standard calibra t i o n  o f  seve ral auth en t ic plan t hor ­

mone s ( se e  9 . s . 2 . )  it was possible t o  d e t e c t  mo st gibb e r e l lins a t  a c on­

c en t rat i o n  of 2 . 5 n g/ul using low a t t enuat i o n. Howev e r  o ne o f  the pro­

blems  w ould  b e  t he pre sen c e  of  int e r fering c ompone n t , when  plant e x­

t rac t s  are  u s e d . Tha t is  at  l e a s t  5 0  ul o f  silyla t i n g  r ea gen t is  

re quired to  make ME-TMS d e ri va t ive s . If  5 ul  are  re quire d to  b e  in j e c t e d  

ont o t h e  GLC c olu mn , i t  mean s t h a t  t hi s  v o lume would c on t a in proport ion­

a l ly more of  o the r plant c ompone nt s whi c h  c ould int e r fe re wit h t h e  

d e t e c t ion o f  t he small quant i t i e s  o f  plan t hormone s pre sent . 

I n  t he present  studie s ,  c e llu l o s e  thin laye r c hroma t o graphy 

wa s used  for fur t h e r  puri fic a t i o n  a f t e r  c o lumn chroma t o graphy . I t  was 

also thought to be ne c e ssary t o  furt h e r  puri fy the plan t extra c t  whe n 

i t  was sub j e c ted  t o  GLC . The re fore aut he n t ic plan t hormone s ,  a ft e r  



2 24 

c e l lul o se t hin laye r chr omat ography , were te s t e d  by GLC . Rfs  o f  

a u t h e n t i c  plant hormone s varied from one plat e  t o  the o t he r . The s o l ­

v e n t  sys t e m  MAAW was goo�  t o  use  for c e l lu l o s e  t hin laye r b u t  the  

que st ion o f  reprod u c ib il it y ,  t oge t h e r  with  ove rloading the sample in 

the  ce llulose  thin laye r , nee d s  fur ther  inve st i gation . For e xamp l e , 

when  c e l lu l ose  powd e r  w a s  washed w i t h  2% EDT A  anrl other  orga n i c  s o l ­

v P nt s ,  thP R f  o f  I AA was moved upward a n d  o n e  lost  t h e  c ompac t spo t . 

Bis- ( t rime thyl silyl ) tri flu o r o a c e �amide ( BSTFA ) has  been  

intensive l y  e valua t e d  for making pro t e in amino  acid t rime t hyl silyl 

d e riva t i v e s  ( Ge hrke , Nakamoto  and Zumwa l t , 1 96 9 )  and for purin e and 

pyrimid ine bases ( Ge h rke and Lakings , 1 97 1 ) .  In the pr e se nt s t ud ie s ,  

an  exc e l lent  imp r o v e d  peak wA s obtain e d  for G A3 , IAA , a n d  IPA  whe n this  

silyla ting agent w a s  u s e d . There  was also  a sl ightly improve d peak 

with  GA4 and GA 1 • Espe c ially IAA  and I PA e xh ib� ted 4 t ime s gre a t e r  

p eak he igh t  t han t h a t  o f  ME-deriva t i ve s . It me ans  that i t  was  p o s sible 

t o  d e t e c t  d own t o  2 . 5 ng GAs ( se P  Fig . 2 7 ) . Possibly ME-TMS I A A  u sing 

BSTF A and TMSC silyl reage n t s  c ould be c o mpa rable to the  hepta fluoro­

butyl deriva t ive of  I A A  ( Powe l l , 1 972 ) , if  t he GLC c on d i t i o n s  are  opt im­

ized . It wa s now p o s sible to ge t a s ingle peak for GA 3 so  that n ow the 

r e t e n t ion t ime s o f  a l l  the available gibbe r e l lins c ould be s t ud i e d  

simu l t ane ously . Un f o r t unate ly t h e  A B A  peak was  reduced by hal f ,  pr o­

bably due  to d e c omp o s i t ion durin g  GLC , s i n c e  a small peak o c curred  with  

a re t e n t ion t ime of  1 4 . 3 .  A l s o  the  G A9 peak was reduced  b y  2 �� and  a 

sma l l  peak appeare d w i t h  a r e t e n t i on t ime o f  1 8 . 5 . 

1 0 . 6  Gene ral d i sc u s si o �  in c onju n c t i on w i t h  further  work and c o n c lusion 

The re i s  a vas t  literature d e a l i n g  with the  iden t i fi c a t ion and 

d e t e rmination of pla n t  hormone s .  Howe ve r , no litera ture is available 

whic h ou tlin e s  a r e a sonably qui c k  me t h oj o f  analys i n g  pla n t  hormon e s  as  

a whole  for interpr e t a t ion o f  physio l ogical  and  bioc hemi c a l  phe nome n a  

in  t e rms o f  as prop o s e d  i n  Fig . 1 

and 2 .  

Mo s t  pub l i shed papers d ea l  w it h  one or p o s sibly two h or monal 

groups in an a t t e mp t  to ob t ain at l e a st a part ial an swe r  t o  a spe c i fic 

que s t ion . Furt h e rmore photo synt h e t i c  t is su e  is e xt re me ly d i f f ic u l t  t o  

pur i fy i n  ord e r  t o  remove int e rferin g sub s t ance  be fore bioas says o r  

GLC . Powell  ( 1 972 ) d iscussed  the evo lu t io n  o f  plant ho rmone a n a l y s i s  and 

l i s t ed variou s n e w  t e chnique s , but as yet many problems remain to be 

sol�ed . 

In the  pre sent  s tud ie s ,  p o t e n ti a ll y  use fu l  me t h o d s were  

sel e c t ed in an a t t empt  t o  a nalyze fou r seri e s  of plant  h or mon e s .  The 
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sele c t ion  wa s based mainly on  r e p o r t s  in t he literature . 

800,0 Me OH appears to be  one o f  the  b e s t  solven t s  for  i n i t ial 

e xt ra c t ion from lyoph i l i z e d  plan t ma t e r ial s . However , fur t h e r  inve s t i ­

gat i o n s  a r e  requ i r e d  t o  d e t ermine whe t he r  mo s t  plant mat erials  c ould  b e  

comple t e l y  e x trac t e d  a t  l ow t empe ratu re such  as -20°C ( Elli c o t t  a n d  S t owe , 

1 970)  wit hou t any arte fa � t s  or l ibe ration  from bound form , e sp e c ially 

for IAA- like sub stanc e s . If  I AA i s  not  r e l e a sed from bound c o mpound s 

then e xt rac t io �  pe riod s c ou ld b e  extended  t o  obtain comp le t e  e xt r a c t i o n . 

The add ition  o f  d ime t hyld ithio carbama t e  i n  MeOH may b e  e ssent ial t o  pre ­

vent the ac t iv i t y  o f  c e rtain e n z yme s y s t e ms , suc h  as I AA - oxidase  and 

po lyphenoloxida se , e i t her during the grin j i ng or extrac t i o n  p r oc e s s . A 

l ow pH may be c onside red when MeOH i s  u sed  for the  in i t ial  e xt rac t i o n  in 

ord e r  to preve n t  p o s s ible en zym i c  de gradat ion  ( C o ombe and Tat e , 1 972 )  o r  

t o  prevent t he c onversion o f  t rypt ophan t o  I AA � Gord on a n j  Pale g ,  1 96 1 ) .  

Whe n p e t roleum e t her  i s  u s e d  a ft er c e n tri fugation  the pH should be 6 . 5 

or h ighe r so that  G A 9  is n o t  part itioned  i n t o  the  pet rol eum e t he r  

(Durley and Phari s ,  1 972 ) . Pe t roleum e t h e r  may also par t i t io� s ome cy­

toki nin ac t ivity so  t hat it  mu st be u s e d  with  cautio�  ( van S t ad e n , 1 97 3 )  

a , d  it  sh ould b e  c h e c ked whe ther  some c yt o kinin act i vi t y  can b e  t rans­

ferred back int o  t he wa t e r  phase when b a c k  washing is  emp l o ye d . It may 

also  be use fu l  t o  b i oas say the pet roleum e t her frac t ion  to o b t a i n  an 

e s t i mate  o f  t he inhibi t o r s  pre se n t . 
1 4C -I A A  i n  the aqu e o u s  pha s e  a ft e r  removal o f  MeOH wa s n o t  

d e s t royed whe n st or e d  ove rnight a t  1 -2 ° C i n  the re frigera t o r  s o  that 

po s sib ly phl o r i z in c an b e  prec ipit a t e d  in the aqu e o u s  solu t i on 

( Tau tvydas , 1 96 5 ) . Howe ve r , the  d e gree o f  pre c ip i t a t ion  o f  phlorizin  

wa s not  d e t ermi n e d  and  fur t her  inve st igat ions  are  r e quired to  find  out 

the d e gree of pre c ipitation  of phl o r i z in , c ompared with the  pre c ip i t a ­

t io n  o f  phlori zin  u sing c o l d  wat e r  a ft e r  et hyl ac e t a t e  extrac t ion  from 

the aqu e ou s  phase a t  pH 2 . 5 ( Taut vyd a s , 1 9 6 5 ) . 

A f t e r  the  aqu e ou s  phase i s  p a r t i t ioned t o  e th yl a c e t ate  

( se e  M-8 e thyl a c e t a t e  e xt rac t in Table 6 ) , aliqu o t s  of  the  aqu e ou s  

phase c ould be par t i t ioned  with  n -bu tanol  so that but an o l - soluble  

gibbere l lin s c ou l d  be obtained  from the aqu e o us phase  ( C o omb e and T at e , 

1 97 2 ;  Nait o , Inoue  and Bukovac , 1 972 ) . The reason why a l i qu o t s  o f  the  

aqueous pha s e  at  pH 2 . 5  sh ould b e  used is  t hat  three  t ime s o f  butanol 

par t i t ion at pH 2 . 5 c ou ld remove at  least  20% o f  c yt okinin -l ike sub ­

s tanc e s  from the  a c idic  aque ous phase . ( Se e  Tabl e  9 ) . 

Polyv inylpyrr o l id one ( PVP ) c olumn chromatography would se e m  

t o  b e  a u s e fu l  purificat ion s t e p , b e c au s e  n o t  only a r e  phe n o l i c  c om­

pound s removed and pos sibly o t he r  in hib i t in g  c omponen t s , but a l s o  sepa­

ration  of  d i f fe r e n t  plant hormone s can  be ach ieved (Glenn , Ku o , Dur l e y  
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a n d Phar i s , 1 97 2 ) . T h a t  i s  t he f i r s t l a r g e  f ra c t i on e l u t e d  f r o m  P V P  

a t  pH P . o ,  c a n  b e  p a r t i t i o n e d  f o r  g i b b e r e l l i n s  an d ABA an d t h e  s e c o n d  

l a r ge fra c t i on par t i t io n ed  for I A A . T h u s  n o  i n t e r fe r e n c e  fro m A BA sho u ld 

o c c u r w h e n t h e  r e s i d u e  e l u t e d  f r o m  t h e  PV P c o lu m n  i s  sub j e c t e d  t o  sil i c a  

ge l - c e l i t e c o l u m n  and po ssibly  i n h i b i t i o n  o f  c o l e o p t i l e  s e c t i o n s  w i l l  n o t  

o c c u r  at  t he 1 3 t h  
F o r fu r t h e r  pu r i fi c a t i o n o f  aux i n - c on t ain in g f r a c t i o n s  fr o m  

s i l i c a  ge l - c e l i t e  e l � t e d  wi t h  s o lve n t  s y s t e m  A ,  t h e  r e s i d u e  c ou l d  b e  

c h romat ographe d  o n  S e p ha d e x L H - 2 0 c o l� mn w i t h o u t  u s ing t h i n  l a y e r c h r o ­

ma t o g r a p h y , b e c a u s e o n l y  50% 1 4 c - I A A  r e c o v e r y  w a s  ob t a i n e d  ( s e e  F i g . 1 6 ) . 

The re s id u e  c a n  h e  s ub j e c t e d to GLC or b i o a s sa y s . In b i o a s say t h e  c om­

b i n e d  oat and wheat c o l e o p t i l e  se c t i o n s c o u l d  be u se d  for e a c h  frac t ion . 

Fu r t he rmore , oa t i n t e r n o d e  se c t i o n s  w h i c h  are part ic ularly s e n si t i ve t o  

I A A  c ou l d  b e  u s e d t o ge t he r  w i t h  t h e  c o �b i n e d  o a t  an d wh e at bioa s say i n  

t h e  same s u e c i m e n  v i a l s .  Be cause  oa t i n t e r n o d e  se c t ion s  c an d e t e c t  
_ g  

5 x 1 0  M I A A  and are  p o s s ible ly fre e from gibberell i ns , muc h  i nforma t i on 
a n d  ac c u ra t e  d e t e r mi na t i � n  o f  I A A  c o u l d  b e  o b t a i n e d  b y  t h i s  t r i o - c o m b i n e d  

b i oas s a y . 
In the  c a s e  o f  gibb e r e l l in  in t h e  f i r s t frac t io n  e l u t e d fr o � 

t he PVP c o lu m � , t h e  re s i d u e  c ould  b e  c h r o m a t o gr ap he d o n  a s i l i c a  ge l ­

c e l i t e  c o l u mn R nd t h e n  d e t e rm in e d  b y  t h e  T a n - gi n h ozu dwar f r i c e  b i oa s says 

u s in g gl a s s  t u b e s  o r  the mi � ro d r o p  me t h o d  ( Mu r a ka m i , 1 9 6 8 ) . The aliquo t s  

c ou l d  b e  t e s t e d  w i t h  t he bar l e y  e nd o sp e rm b i o a s s ay ( C o o mb e , 1 9 7 1 ) u s i n g  

t h e  glu c o s e t e s t  a n d  e a c h  f r a c t i o n � o u l d  a l s o  b e  sub j e c t e d  t o  GLC , u s in g  

BSTFA a n d  TMC S s i l y l  d e r i vat ive s .  
F o �  G L 8 , fur t h e r  i � v e s t i gat i o n s are  requ ired t o  s e l e c t  a sta­

t ionary pha se suc h  a s  OV - 1 7  wh i c h c a n  p r o v i d e  mu c h  m o r e  d i s c r i mi n a t i o n 
o f  inte rfering  sub s t a n c e  than QF- 1  or SE-30 ( Co ornbe and  Tate , 1 972 ) .  

�here i s  a number o f  pur i fi c a t i on me t h o d s  reported  whi c h  mus t  b e  t e s te d  

t o  e s tablish  their  sui t ab i l i t y  for use  wi t h  apple t i s su e s . I f  fur t he r  

pur i f i c a t i on i s  re quire d paper o r  t h i n  layer c hroma t o graphy c ou l d  b e  

e mploye d .  

For the d e t e rmina t i on of c y t o k i n i n  a c tivi t ie s ,  a f t e r  e t hyl 

a c e ta t e  par t i t ioning  of the a c i di c  aque o u s  pha se , t he aque ous phase  

s hould be par t i t i on e d  a ga i n s t  n-butanol at  pH 8 . 0-8 . 3 so  t ha t  s ome 

purple c ol oured c ompounds wi l l  rema i n  in t h e  aque ous  phase whi c h  w i l l  

a l s o  c on ta i n  ze a t in -r i b o t i d e . I f  e thyl a c e ta t e  is u s e d  howeve r , van 

S t a d e n  ( 1 9 73 ) found that muc h  zeat i n- like a c t ivity  would enter  t h e  

e thyl a c e ta t e  phas e . I n  fac t  4 . 5 % 3H- z e a t i n  part i t i o n e d  i n t o  t h e  e t hyl 

a c e ta t e  at t h e  pH 2 . 5  i n  t he present s tu d ie s , and there  are seve ral  

repor t s  that  zeat i n  ( W oolle y ,  1 971 ; He mb e r g ,  1 973 ; Le t ham , 1 974� are 

t rans ferr e d  into t he e t hyl a c e ta t e  pha s e  under  ac i d i c  c on di t i oLS . 



227 

The frac t i on o f  zeat in in the e t hyl a c e tate  phase c ou l d  be 

rem oved by ba c k  w a shing int o the aqu e o � s  phase . Howeve r ,  e thyl a c e t a t e  

c a n  remove 6 (  � . r  -dime t hylal lylamino ) pu ri n e  a t  pH 2 . 5  and there fore  

c au t i on mu s t  be exerc ised  i f  e t h yl ac e t a t e  i s  used  ( Hemb e rg , 1 974 ; 

Le t ham , 1 974b ) The sligh t  c y t okini n  a c t i v i ty at t he fra c t i on s where 

6 (  t , t  -dime t hylal l yla�i �o ) purine wou l d  e lu t e  cann o t  c on c lu sively give 

e videnc e ,  b u t  if t h e  a c t iv i t y  i s  due to 6 ( r , ( -dime t hylal lylami no ) 

p � ri�e  it c ou ld b e  t ran s ferred  b a c k  t o  the aque ous phase i n  some d e gree 

b y  the back  wa sh in g , t o ge t h e r  wi t h  z e a t i n - like substan c e s whi c h  remain e d  

i n  t h e  e t hyl ac e ta t e  phase ( see M-9 i n  Table  6 and 9 . 2 . 1 . 2 . ) ,  al though 

the pre s e n c e  and behaviour o f  6 (  r , r  -d ime t hylallylami � o ) purine should 

be c on firme d . 

W i t h  t h e  apple s h o o t  t ips h i gh c y t okinin a c t iv i t y  was  obtained  

a ft e r  e l u t i on f r o m  a Se phad ex G - 1 0 c olumn , h owe v e r  there  i s  inhib ition 

at t hr e e  Rfs  fro m  TLC u s i � g  the  rad ish c o t yle d o n : bioassay , whi c h  in 

part icul�r would in t e r fe re with  t he d e t e c t i o �  o f  6 (  I , r  -dime t hylal lyl ­

ami no ) purine  a t  R f  0 . 7 5-0 . 8 4 . There are s t i l l  problems  w i t h  some in­

h ib i t o r s  even a ft e r  p ur i f i c a t ion  on Sephadex G - 1 0  foll owed by silica gel  

TLC , of  apple  shoot  ext rac t s  a s  me n t i oned above , or  w i t h  Sephad ex LH-20 

f ol lowed b y  DEAE c e l lulose  TLC for apple  lea � e x t rac t s .  The re fore  

pur i fi c a t i o n  w i t h  po l yvi n ylpyrrolid o n e  c ol umn may b e  use fu l  t o  e l imi �a t e  

so�e c o�ponen t s  whi c h  mi0ht in�ibit b ioassays ( G lenn , Kuo , Du rley  and 

Pha r is , 1 972 ) , a f t e r  or be fore sub j e c t i n g  to Sephad e x  G - 1 0  or Sephadex 

LH-2 0 . Sephad e x  LH-20 c h r o ma t ograph y  separa ted cyt okinin a c t iv i t y  i n t o  

severa l  groups a �d co uld b e  u sed  in c o n j un c t ion w i t h  t hin l aye� c hroma ­

t o graphy . GLC o f  the frac t ions  should a l s o  be p o s s ible u s in g  B SFA 

foll owed by T�GS . 

The purpo se o f  t h e  p re se n t  stud i e s  was n o t  t o  stud y me t ho d o ­

l ogy but w i thout  the appropr ia t e  te c hn i que s and  c a re ful pur i fi c a t ion  o f  

plant  �a t e r ial s the re s ul t s  cann o t  be c o nc lu s ive . There fore i t  was 

a t t e mp t e d  to  e s tab l i sh t h e  p�ri fic a t i on of apple leaves  and d e t e rmin e  

t h e  rat io  o f  pla n t  h ormon e s  und er  various expe rime n tal cond i t i on s . In 

sp i t e  of seve re  inhib i t i o n  in s o �e frac t io ns , posit i ve re sul t s  we re  

o � t a in e d  and i t  may be tha t meanin g ful ratios  can be c a l c u la t e d  fr o m  

t he dat a . 

In most case s l e a f  ext ra c t s  were  d ilut e d  to  give  two o r  three  

d i f fe r e n t  c on c e n t ra t i�n s .  The re fore  t he data  were  a sse ssed  b y  t akin g  t he 

average o f  the  al iqu ot s .  The re  were  many prob lem s in e valua t i n g  data  in  

t he pre s e n t  s tud ie s because of  inhibi t o r s  pre s e n t  and une xp e c ted  ob stac l e s . 



2 2 8  

Ra t io B u g/kg Dry W e i gh t  

B A uxi n s I nh i b i t o r s G i b b e r e l l i n s  C y t o k i n i n s  T o t a l  --- R e la t i v e  
A ( Ax s ) ( I b s )  ( GA s ) ( C ks ) 

Pla n t . Hormone 
3 73 . 0 1 00 . 4 1 79 . 0  4 73 . 6 l nd e x  

( TRPH I ) 

A u x i n s  
0 . 26 9  0 . 4 8 0 . 788 

3 73 . 0  

I n h i b i t o r s  
1 . 7 8  4 . 72 3 . 72 -

1 00 . 4  
A 

G i b be r e l l in s  

1 79 . 0 2 . 08 0 . 56 - 2 . 6 5  

C y t o k i n i n s  

4 T 3  . 6  
0 . 788 0 • .?1 0 . 3 8 -

. .  
T o t a l  ra t i o  6 . 5 9 1 . 039 2 . 64 8 . 1 5 8  1 8 . 43 

( RPHI ) ( RA A I ) ( R I A I )  ( RG A I ) ( RC A I ) ( TRPH I ) 

Tab le 22 . An e xamp l e  o f  t he u se o f  Re l a t ive Pla n t  H o rmone I n d i c e s  ( R PH I ) t o  

r e p r e s e n t  t h e  b a L  . c e  o f  p l a :1 t  h o l .iiO !'l e s ; i n  t h i s  c a s e  a p p l e  l e a ve s  

t ak e n  o n  t h e  1 2 t h  o f  N o v e m b e r .  

1 o . o  
+> Ul 
s:: CIJ 0 

8 . 0  ro •rl 
r-l '0 p.. s:: 

RCA I 

RAAI • 

(l) ·rl 
:> CIJ 6 . 0  · ri s:: +> ro 0 

r-l s 4 . 0  H CIJ 0 p:; ..c: 
2 . 0  

Auxi ns I n h i b i tors G i bbere l l i n s  C yt oki n i n s  

F i g . 3 4 .  A R e lat ive Pla nt Hormone I n d i c e s  i n t � e  a p p le l e a v e s  

taken on t he 1 2 t h  of Nove m b e r . 
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T h e r e fore , value s  obtained by  bioa s says from o nly thin l aye r c hr o ma t o ­

graphy were u t il iz e d  t o  c on st ru c t  a t e nt a t ive sc heme b a s e d  o n  h ormonal 

ra t i os as  shown in Fi g . 1 and 2 .  It should be reme mb e r e d  that c on s ider­

able  l o s s  of  p l a n t  h ormone s o c c ur s  during puri fication and that  inhib i­

tory  sub s t an c e s  were  no t c le arly separated  fr om promot e r s . 

Four serie s o f  plant ho rmone s fr om apple l e a f sampl e s  we re  

c a l c ulat e d  in t e rms of  IAA , ABA , G A3 and z e a t in equivale n t s . 

The val ue s  are from thin  l aye r chr oma tography re sul t s  e xc e p t  

f o r  gibb e r e l l in s ,  whe re t h e  valu e s  origina t e  from t h e  aliqu o t s  e qu iva­

l e n t  t o  3 gram dry  we i ght leaf sample usi n g  t he system B silica gel ­

c e lite  c olumn ( see Table 1 9 ) and are shown in Table 2 2 . 
A x s  373 . 0  ) E a c h  rat i o  in Table 2 2  ( e . g . , the rat i o  I b s  = '100.4 = 3 . 72 

c an aid the  u � d e r stand ing o f  some physiol o gi c al phenomena . Howe ver , 

p l an t  grow t h  a n d  d e ve l opme n t  phe n ome na are probably c on t r o l l e d  by c om­

p l ex in terac t i o n  be t we e n  many plant h ormone s a n d  the re fore the  t e rm 

Re lat ive Plant  Hormone Index ( RPHI ) i s  used  in Table  23 . Rela t ive Auxin 

A c t ivity  I n d e x  ( RAA I )  repre s e n t s  a t o tal ra t i o  o f  Axs  Axs  Axs 
A BA + GAs + CKs 

the auxin ind e x  c o lu mn in Tab l e  2 2 . A Relat ive Inhib i t or Ac tivity 

for  

I d ( R IA  I ) . . 
t t 1 t . f I b s I b s I b s f . h . b : t l. n n ex , gl  V l n g  a o a ra l O  o G A s  + G A s  + C K s  o r  J.n l l ors  

the I b s  c o lu mn , a Relat ive Gibbe r e l l in A c t ivity Inde x  ( RGAI ) for GAs  

in the GAs c olumn , and  a Relat ive Cyt okinin A c t ivi t y  I nd e x  ( RCA I ) for  

c yt okinin s  in t he Cks  c olumn in Tabl e  22 . The val u e s  o b t ained are  

Relative Auxin Ac t ivity Ind ex , 6 . 59 ;  Relat ive Inhib i t o r  A c t ivity Ind e x , 

1 . 04' ; Rel a t ive  Gib b e r e l lin A c t iv i t y  Ind e x , 2 . 64 ; and R e l a tive Cks 

A c t ivity I nd e x ,  8 . 1 6 . A high rat i o  indic a t e s  a pred ominan t c o n t e n t  o f  

t hat plant h ormone a ga inst  the o t h e r  plant hormone i n  t he t i ssu e . 

I n  the interpr e tation  o f  Relat ive Plant  Hormone A c t iv i t y  

I n d e x ,  a s  shown i n  Fi g . 3 4 , o n e  would c o n c lu d e  that probably the  mo st 

d ominant growt h sub stance  in  t he l e a f  sample  at the th o f  Novemb e r  

w a s  cyt okinin , then auxin-like sub s t an c e  and t h irdly gibb e r e l l in s . 

The  inhibi t o ry ac t i vity  was re l a t iv e ly l ow at t hat t ime . 



A R e la t ive P l an t  Hormone In j e x i s  proposed  t o  repre se n t  t he 

p o stulate  t hat : ' ' C o mp l e x  g r o w t h  and d e v e l opmen t response are rare ly 
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due to o�e type o f  hormone  bu t to i � terac t i o n s  be tween t wo or more  grow t h  

su� stan c e s . I n  man y  c a se s gcow t h  p r o c e sse s are pr obably  c on t r o lle d by 

all t h r e e  gro n t h  p r omo t e r s  an d gr ow t h  i� hi� i t o r s ' ' . The Re lat ive  Plan t 

Hormone Ind e x is  d e rived from �he t o t a l  o f  e a c h  ra t io o f  o n e  pla� t 

h o rmone t o  t h e  o t he r thre e �ro�ps o f  plant h o rmone s and i s  t ho u g h t  o f  

a s  repre se n t i n g  t h e  interaG t i o n s  o f  tha t  hormone in t he t i s sue a t  a 

given t ime ( se e  Table 22  and Fig . 3 4 ) . The re fore thi s index p o ssibly 

g i v e s  an i n t e rpre t a t i on o f  the  bac kground level o f  hormon e s  a s  de s�ribed 

by She in and Jac k s on ( 1 9 7 1 ) and Woolley and Wareing ( 1 9 72a & b ) i n  apical 

d ominan c e  ( see  Pa r t  I ,  2 . 6 . api c a l  d ominan c e ) . Othe r  p h y s i o l o gi c al 

phenome na are in t e r pre t e d  by a �alan ce hormone t h e ory in  the  spe c ula ­

t ive  flow c h a r t  o f  Fig . 1 and 2 ,  e . g . bu d b�r s t , :  sho o t  grow t h  and 

fl o weri n g  ( se e pa r t  I .  se c t ion 5 . 4 . c o n c lu sion in aummary of d i s c u s si on ) . 

Be cause  o f  d i f ficul t i e s  o f  analysi s o f  pla�t ho rmone s ,  mo s t  hor­

mone balanc e theo rie s are  o nly spe c ul at ive . Howeve r , many phys i o l o gical  

phenomena are  stu d i e d  by exoge n o u s  appl i c a t ion o f  plant  hormo ne s .  

Th imman ( 1 96 6 )  summarised  se ve ral phys iol o gical phen omena in the  int e ­

gra t i on o f  plan t g r owt h hormon e s  e . g . ge o t ro p i s m  and p h o t o tropi sm , the 

formation of par theno carpic frui t s , ab sc i s s i on , the initiat ion o f  

l a t e ral r o o t s , �e rminat ion o f  l e t t u c e  o r  t o ba c c o  se e d , bud deve l o pme n t  

i n  t i s s � e  c u l ture , ap i c al d ominan c e  and xyl e m  a n d  phl oem  pr odu c t ion . 

Howe ve r , c a u t ion sho uld  be u s e d  in in t e rpre t in g  d a � a  o b t a i n e d  by  exo­

genou s  pla�t  hormo n e s  as f o l l ow s : ( 1 )  Pre s e n c e  or ab se nce  o f  e n d o genou s 

plan t h o rmone s may a f fe c t  t he re sponse t o  t h e  exoge n o u s  hormone ( e . g . 

supra -o p t imal re spon se s ) . ( 2 ) Th e hormone may not r e a c h  t he t arge t 

area , e i t he r  not  pen e t ra t ing or n o t  be i n g  t ran sp ort e d . ( 3 )  The  c on c e n -

t ra t ion o f  exoge n ou s  hormone s m a y  b e  s�b o r  s upra -opt imal . ( 4 )  The 

r e spon s e  may va ry d e pend ing on spe c i e s ,  type and age of t i s s u e s . 

L i t tle  d a t a  are availab le  c once r n i n g  t he bala n c e  o f  e n d o ge n ou s  

plant h ormon e s .  Howeve r ,  a numb e r  o f  e xample s  are available , b a s e d  on 

t he u se o f  � xoge n o u s  plant hormon e s ,  whi c h  can be u s e d  t o  e xami n e_ t he 

u se fulne s s  o f  the  Re l a t ive Plant Hormone Ind ex c onc ep t . For e xample , 

Khan ( 1 97 1 ) has inve s t iga t e d  the  i n t e r a c t ion b e twee n  ABA , G A3 and 

kine t in in c on t r o l ling l e t tu c e  se e d  ge r mi nat io n . 

T he data  o f  Khan ( 1 97 1 ) re late only t o  t h e  pre s e n c e  o r  ab se nce  

of  the hormone rat h e r  than t o  a c on tinu o u sly variable  grad ien t ,  but  t he 

data c an be repre s e n t e d  by RPHI c o n c e p t  whi c h  may a l s o  ind i c a t e  t h e  

pred omina�t hormonal e f fe c t , ke eping in mind that a R e l at ive  Plant  Hor ­

mone A c t iv i t y  I n d e x  is no t base d simp ly on the pre senc e o r  ab s c e n c e  o f  
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(j) 
>:! 0 
E 1-i 0 
::q 

GIBBERELLIN CYTOKININ INHIBITOR 

0 0 0 
0 0 0 0 
0 0 0 0 
Q) 

0 0 0 

0 0 0 

e 0 0 

0 0 0 

e 0 0 
C · A model for the hormonal mechanisms of seed dormancy and germination using 

gibberellin, cytokinin, and inhibitor. It shows eight hormonal or physiological situations 

likely to be found in seeds. Presence of any one type of hormone at physiologically ac­

tive concentrations is designated by the plus sign and its absence by the minus sign. 
See text for details. Adapted from table 3 in Khan and Waters (61 } .  
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a plant hormo ne . Khan ( l o c . s i t ) s tu d ie d the  germi n a t i o n  of le t tu c e 

s e e d  sub j e c t e d  t o  e i the r d i f fe re n t  h ormonal c ombina t ions and found that : 

" t he s e e d  is d orman t in t he a b s c e n c e  o f  gibbe re l l in whe t he r  cyt oki n in 

or  inhib i t or i s  pre s e n t  or  not ; or in i t s  pre s e n c e  when the in h i b i t o r  

i s  a l so pre se n t  b u t  c y t okin i n  i s  ab se n t . Germi na t i o n  o c c u r s  in t he 

pre s e n c e  o f  g ibbe r e l l i n  and ab sen c e  o f  inh i b i t o r  wh e t he r  cyt okinin i s  

pre s e n t  o r  n o t ; or in t he pre sence  o f  a n  inh i b i tor  with  c y t okinin  t o  

oppose i t s e f fe c t " . Th l s  s ta t e m e nt i s  c l e arly d emon s t ra t e d  i n  Fig . 3 5 - A  

f o �  seed  d orman c y  a nd Fi g . 3 5 - B  f o r  s e e d  ge rminat i o n  u s ing t he R e l a t i v e  

Plan t Hormone i n d e x  sc h e me . 

Although n o  a t t e mp t  i s  ma ri e h e re t o  explain any me c hani sm o f  

d orma n c y , how e ve r  Khan ' s  hyp o t h e t i cal  mod e l  c an b e  i n t e rpre t e d  i� te rms 

o f  R PHI as f o l l ow s : 

( 1 )  The d e te rmina t i o n  o f  pred o�inant  hormone s i s  based o n  a 

high o r  low I n d e x ;  for exa�ple  G ibbe re l lin A c t iv i t y  Index  i s  

bw or high i n  Fi g . 3 5 - A  or B re spe c t iv e l y , su gge s t i � g  that  

gibbe r e l li n  ha s a prima ry role ( pr e dominan t h ormone ) in seed  

d o rman c y . 

( 2 )  Di sp e n sabl e  o r  pe rmi ss ive fa c t o r s  will  have a l ow or  high 

i n d e x ; for ex�mp l e , t h e  in d e x  o f  cyt okin in i s  h igh i n  Fi g . 

3 5-A . The in d e x  i s al s o  h i gh i n  Fi g . 3 5 -B bu t c ould b e  l ow i f  

t he i n h ib i t o r  wa s ab s e n t . 

( � )  An inhib i t o r  o f  the  pre d o minan t hormone w i ll always have a 

h i gh ra t io when t he pred omina n t  h o rmone i s  pre s e n t  b u t  � o  

re spo n s e  i s  obtaine d . 

I n  F i g . 1 and  2 t he r e  ar e  s ymb ols  such  a s  GAs 
I b s  

d e n o t e  t h e  iD t e ra c t ion  o f  c y t oki n i n s  w i t h  t h e  gibber e l lin/inhi b i t o r  r a t i o . 

For e xample in  the  hypo t he t ical  sc heme o f  Khan ( 1 97 1 )  GA
3 

c ould be u se d  

a s  t h e  nume ra t o r  a nd Ibs  a s  t he den omina t o r  wh j l e t he p e r m i s s i ve fac t o r  

Cks i s  represe n t e d  in the sid e c irc l e  ( in i n t e r a c t in g  with t he GAs/ 

inhib i t o r  r at i o ) . Thu s in Khan ' s  h y p o t he t i c al mod e l  s e e d  germinat ion  

would b e  repre s e nt e d  a s  f o l l ows : 

( 1 ) + G A s  
+ I b s  

( 2 )  ( 4 ) 

In  se e d  d orman c y , t he nume ra t o r  c o uld b e  I b s  while GAs  c o uld be 

the  d e n o mi na t o r , an d C Ks a s  a d i spen sable fac t or . The ra t io s  would 

then b e : 

( 3 )  ( 5 )  ( 6 )  . + I b s  G -GAs 



( 7 )  ( 8 )  + I b s  � -GAs � 
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w h e re t h e n um b e r s  i n  b r a c ke t s  r e p r e s e n t  K h a n ' s  e i gh t h o r m o nal s i t u a t i o n s  

a s  i l lu s t ra t e d  i n  F i g .  3 5 -C . 

I n c o n c lu s i o � , a s  a � e w  t e r mi n o l o gy , t he Re l a t i v e  P l a n t  H o rm o n e  

I nd i c e s  s u c h a s  RAA T , R I A. I , RG A I , a n d  R C A i r:r: e 

t e r ms 
C Ks �Ib s  G A s � d C K s��

.
­

Ax s �' Axs � '
a n  Axs � l n 

n o w  r e p l a c e d  w i t h t he 

the s p e c u la t i v e f l ow 

c h a r t  r e p r e s e n t i n g  t h e  i n t e gr a t i o n  b e t w e e n  b i o c he m i c a l  a � d  p hy s i o l o gi c al 

p h e n o m e n a  i n  t h e  w h o l e  p l a n t a s  d e p i c t e d  i n  F i g .  1 .  
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