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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 . 
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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-



V 

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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