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ABS'l'HACT 

This study emphasized the interplay of s ev e ral 
types of growth regulator in t he control of growth and 

d evelopment in the kivlifru i  t plant . Hence different 
parts of the plant are seen to contribute to this control , 

th e p l ant appearing as a fully-integrated system with the 

shoots and roots interacting with each othe r . 

The gibb erellins w ere active in the promotion of 
stem elongation , and it is considered stem g rowth is 

d ep e ndent on the photosynthate sup ply , and that this is 
medi at ed by the growth r ee;ulators. A leaf had a dominant 
effect on internode gro·nth , and therefor e shoot length , 
at a very early stag e of its development - but the effect 
of an individual leaf was very loc alised . The plant 
roots were not clearly shown to be essent i al for breaking 
dormancy , bud burst , or early shoot growth .  However it 

was found the roots could be supplying gibb erellins as 
one of the factors reou ired to maintain normal shoot 
growth . Cytok inins for early bud growth could have been 

suppl i ed in th e bl eedine sap either from th e roots or the 
stem tissu e .  Res ervations ar e exp r essed about the need 

for high spring sap flows for plant growth . H i gh sap flows 

may b e  a result of a c o mbination of c i rcumstanc es at the 
t im e , and not a necessary pre-requisite to growth . 

SADH and mal e i c  hydrazide are effective shoot 

growth retardants , and may find co�nerc i al ac c eptanc e ,  

exc ept their apparent effect in enhanc ing post-harvest 

f ruit respi ration must receive further study . 

Bud dormancy was great est before l e af fall , and 

dormancy was broken by about 7 0 0  hours below 7 . 2°C ,  although 

warm temperatures were just as eff ective in overcoming this 
dorraant condit ion . Winter dormanc y appeared to be  basi-



c ally the sam e type of condition as correlative inh ibition , 
and it is sugg est ed th8t e ach i s ,  in large part a r e sult 

of an inab i l ity to utilise cytokinins or oth er growth 
promo ters .  

It i s  con s i de red that the juvenile-like condition 

in blackcurrru1t i s  distinct from t rue juveni lity, and the 

former did not app ear to be the r e sult of prox imity to 
gibberellins from the roots .  Further , it c ould not b e  

shown for true juveni l ity that i t  w a s  lik ely to be  du e 
to th e production of inhibitory l evels  of gibber e llin by 
the roots. 



l'art l. ---

IHTtWDUC'L'IGN. 

A-1 �HOO'r GHOu'fH. 

l. 

Shoot elongation is an i mport ant form of growth 
in herbaceous and woody plants, some of whi ch grow in a 
s i ngl e annual flush of growth, and others in seve ral 

flushe s  dur ing the period of suitable grow ing conditions. 

The characteristics of shoot growth und the fuctors 
aff ecting it are r e v i ewed in Kozlowski (1964) and 

Sachs ( 196 5 ) ,  and they shov.r the variabil ity in shoot 

e longat ion and the colllplexity of its c ontrol mechunisms. 

Information is sti ll ren uir ed on the relation of shoot 

growth to oth er plant processes , and precisely how 
s e asonal growth p at t erns are controlled . 

In fruit trees adequate annual shoot growth , 

e s pec i ally in the e arly years, is essential to maximise 

yields, but there also comes a point at vJhich th e amount 
o r  rat e of shoot growth is detrimental to flow er initia­
tion, f ruit set, or fruit �uality . 

The ki w ifrui t vine is �novm for its rampant shoot 
growth , although vigour varies with the variety ( Davison 

1971 ) and growing c onditions . Nhile sorne buds produc e  
a d et e rminate shoot ( Brundell l 975a ) oth er ind eterminate 
shoots may readily reach over 200 ems in l ength. Shoots 

al so r e adily twine around other shoots they come in 

contact with , whi c h  means the vines quickly become a 
tangl ed mass unl e ss frequent summ e r  pruning i s  c arried 
o�t , in addition to w inter pruning . Uncontrolled growth 
is conduc ive to fungal inf e ction , and leads to a r eduction 
i n  fruit storage life,but the inc reasing cost of l abour for 



pruning makes CJ.ltern::.tive erovrth control practices 

attractive. 

2. 

It is cler�r .. 1::1ny fac tJrcJ �:,f·"ect the time and the 

extent of shoot GrohLl1, including environmental factors 

and also internal cllar��cteri�>tics of the plant both in 
the stem c.::.nd other p:'.rts of the plant. Since stem elon­

gation is integrated with other c •. s pects of plant growth 

and development, we should expect activity in the tissues 

responsible for �tam gro"th to be co-ordinated with, and 

affected by other plant parts. Thus studies of stem 

growth have shown a role for the leaves (Sachs 1965 ) and 

also the roots (Buttrose and r.Iullins 1968, Smith and 

�areing 1964 , �ent 1943); for photosynthates, both 

reserves and from current photosynthesis (Hansen 1971, 
Priestley 1960); and a role for endogenous growth 

regulators ( Garr e� al. 1964 , Luclcwill 1970). 

1 . 1 Leaf Effects. 

While the stem apical J.leristem 11roper is the site 

of the initial cells of the stern, the sub-apical region 

is the site of forJtlCLtion of IttOst of the cells that make 

up the mature stem, and so it j_.-; tlle sub-apical 1.1eristern 

that plays a lctrge role in determining plant height 

(Sachs 1 96 5 ) . Thus, factors affecting cell division in 

this region would affect stem length. In rosette plants 

GA-induced stem elongation is J .. ccoupu.nied by an enormous 

increase in sub-apical meris·�e . .' <:Lctivity (!:lachs et al. 

1 9 57 ) , althou�t GA-like substances may also control 

sub-apical ;neristei:l activity in caulescent plants as GA 

restores cell division and elongation to normal or 

greater in retard2.nt-trec:,ted plants ( 3achs c::md Kofranek 

196 3 ) . •ranunes ( 'Uoted by Sachs 1965) found the rei!loval 

of a few leav�;;s c.w.sed inhibition of ster:i elor:[;ction in 

woody specie s, but through an effect on cell elongation 

rather than cell division. The question of whether GA 



3. 

a c t s  by stinrulnting cel l  division or cell elonga t i on is 

a l s o  c on s idered by Arney and f1lancinell i ( 1966 ) , who 
suggest the wain effect of GA+ i s  t o  inc rease m ito tic 

a c t iv ity in apic:J.l and sub-np i cal 1neristems , 2.nd any cel l  
elongation effect i s  a consen,uence of such activity . 

When the ahoot tip ( including its encl osing leave s ) 
of a p lant is reEwved tl:.ere is a reduction in the exten­

s i on of all its internoclcs especially the :uore immature 
ones ( Lo ckard 1 9 56 ) ;  in Gillicgo shoot elongation doe s no t 

o c c ur unle ss there is a continued p roduc t ion of leave s 
beyond those p resent in the winter bud ( Critchfield 1970 ) ;  
and in the c,11ple tree removing unexp::mded inuna ture leaves 

reduce s internode length and shoot length ( Kato and Ita 
1 9 6 2 ) .  

A nwnber of studi e D have concentrated on the 
contribut ion of young lc�Lvos �o tLe growth of indi vidu:::-�1 

i nternode s , and Poll (1973) llas shown a marked c o rrel at i on 
between shoot length <�.nd nier.n internode l0ngth: It has 
s imi larly been no ted in tl1o ki�ifrui t  shoot ( Brundel l  
1 97 3 ) t hat the ba sal internodes , produced at  a t ime of 

s l ow growth rate , are shorter than later one s . Brundel l  
( 1973 ) al so found internode length along a sho o t  was 

c l o se l y  related t o  leaf s ize , internodes remaining sma l l  
betwe e n  leave s that were smal l . 

+ 

Abbreviat i ons : 

ABA Ab s c i s i c  ac id 
BAP Benzylamino purine 
ccc Cycocel 
GA3 Gi bberellic acid 
GA G i bberell in 

MH Malei c  hydraz ide 
NAA Naphthalene acet i c  acid 

SADH Suc c inami c  e. c id 2-2-dimethyl hydrazide 



4. 

The region of the s t em t i p  i s  important in the 
c ontrol o f  int ernod e extension , and it appears the import­

ant t i s sue s are the small expanding leave s rather. than the 

apical dome or l eaf primo rdia  ( Jone s and Phillips 1966 ) .  

Work wi th bean l ed to  the hypo the s i s  that a GA-precursor  
is  produc ed in  the  young l eave s�nd transpo rt ed t o  the 
s t em where it is converted to a GA-like mat erial that 

------

ac t s  t o  promo t e  int ernode  elongation ( Lo ckhart 1964 ) .  

Removal o f  young leave s  from appl e  shoo t s  retards int er­

node  e longat ion , and i t  i s  considered GA-like substanc e s  
produc ed by immature l eave s  contributes to  thi s c ontrol 

( Grauslund 1972 , Kato and Ito 196 2 ) . In Avena the growth 

regulator  GA3 is specific  in s ti mulat ing growth o f  

exci s ed s t em s egment s ,  and thi s i s  a maj o r  endogenous 

gibberellin in thi s plant . In a care ful s tudy o f  native 

GA ' s  in Avena Kaufman et  al . ( l976 ) conclud ed the upper 

two l e aves  and al so  t he infl o re s enc e and nod e s  ( pe rhaps 

accumulat ed there from the l eave s ) c an serve as important 

sourc e s  o f  the nat ive GA ' s  requi red for the elongation o f  
the next-t o-last int ernode. A model o f  sho o t  growth as  
an autoc at alyt ic  pro c e s s  based on �rowth regulators  

produc ed by young l eaves in the  sho ot  tip  was pro po sed 
by Abbo tt  ( 1970 ) .  

A leaf and i t s  ad j ac ent int ernode appear to form 

a local i s ed physiological growing uni t ,  and in appl e and 

plum sho o t s  a young l eaf promo t e s  the ext ension o f  two 
int ernodes  above i t  ( Fulford et al. 1968 ) . Whil e  thi s 
effect  was no t so c l earcut in all vari eti e s , it  was always 

true  that the l eaf influenc e ext end ed acropetally rather 

than basipetally , and it was further shown thi s  effect  

c ould b e  s imulated by a lo cal i s ed exogenous GA applicat ion. 

When a group o f  l eave s was removed from near the tip  o f  
an apple  sho o t , there was a large reduc tion in int ernode  

l ength due to  a reduc tion in  their growth rate , the 

short e s t  int e rno de  always being immedi ately above the 

l ast  removed leaf ( Barlow and Hanc o ck 1956 ) ;  although 
i f  leaves wi thin the tip  bud were removed , then just 

b el ow the d e foliated  region there was an inc re as e  in 



5. 

int ernode  l ength . �he young leave s whil e included in the  

tip of  the ap�Jl e shoo t , thus m;_�rkedly affect  the final 
\ 

l ength o f  the internodes be tween them , and the great er 

the numb er o f  such leaves removed- in suc c e s sion , the 
great er the reduction in int ernode l ength become s . Then 
as young l eave s  are no longer removed there i s  a gradual 

rec overy o f  int erno de l ength . Hemoving unexpand ed l eave s 

al so  l ead s to  increased int ernode number (Kato and Ito  

1 962) . Leave s a short d i s tance-beiow the tip bud have 

very lit t l e  influence on elongation o f  the int erno d e s  
subt ending t h e  t i p  (Barlow and Ha.nco clc 19 55 ) , but when a 

large number o f  the  lower l eave s are removed , there is  a 
-----

mc:.rked reduc t ion in the ext ension o f  many o f  the upper 
y_o;mg int erno d e s , pre sumably due to the reduc ed supply 

o f  pho t o synthat e s . Leaf removal l ed to  an i ncreased rat e  

o f  dry matter produc t i on by the remaining l e ave s ,  and a 

c onsiderable reduc t i on in ro o t  growth (Maggs 19 6 5 ) ,  and 

when l eave s near a sho o t  tip are removed , the s i z e  o f  an 
ad j ac ent l eaf is  increas ed (Barlow and Hanc o clc 19 5 5). 

Such c ompensatory growth following de foliation means the 

plant rapidly re s to res  i t s  ro o t/sho o t  ratio (1/areing 
1 970) .  

1 . 2  Roo t  Effec t s . 

When grape vines were  maintained with  a c ons tant 

reduc ed ro o t  volume , sho o t  gro wth was reduced , and sho o t  

l ength increment s bore a c l o s e  relation t o  the l evel o f  
ro o t  pruning . I t  was consid ered this could only be  

int erpre t ed to  indicate the  ro o t s  are the sourc e of  a 

growth substanc e required for normal shoot  growth (Buttro s e  

and Mullins 1968 ) . This id ea follows from early obs er­

vations such as tho se  of Nent ( 19 38) , and many o thers have 

found a role o f  the ro o t s  in the behaviour o f  the t op o f  

the  plant  (e . g .  Smi th  and dareing l964b , viareing and Nasr 

1 961) . Cooper et al . (1972) sugge s t  a growth regulato r  

o riginating in t h e  ro o t s  c ontrols  the spring mobilisation 



6. 

o f  res erves  that re sult in their  increased conc entrat i on 

in the sap j ust  pri or to  blo s soming. 

vVat erl ogging reduc e s  s t e1a �rowth ,  and in the tomato 

i t  i s  considered the reduc t i on in GA c oming from the 

roo t s  ( and cytokinins ) is an impo rtant fac t o r  limi t ing 
s t em growth ( Reid and Cro z i er 1971 , Reid and Rail t on 1974 ) ,  
and Carr e t  al. (1964 ) bel i eved the amount s o f  GA t rans ­

port ed from t h e  ro o t  to  t h e  sho ot  o f  their bal s am plant s 

was ade q uat e to  ac c ount for  the shoo t ' s  growth. In the 

absenc e o f  roo t s , the growth of uninhibited buds on s t em 

cutt ings has been greatly promo t ed by GA3 ( Smi th and 

Wareing l964b , �vi ckson and Thimann 1958 ) , but in bo th 

c ases  the re sponse was short-lived , and for some unexplain­
ed reason growth c eased aft e r  a c ertain maximum inc rement . 

Whi l e  there i s  some evidenc e for GA bi o synthesi s 

occurring in the ro o t s  ( e . g .  Jone s and Phillips  1 9 6 6) , 

thi s i s  no t considered unequivo cal by Crozi er  and Reid 

(1971 ) al though they found plant ro o t s  have an impo rtant 

rol e  in G A  int erconversi on. 

Cyt okinins synthesi sed  in the roots mo ve up the  
plant in the xyl em exudat e ( Kende 196 5 ,  Sker1e 1 9 75 ) , and 

cytokinin-like mat erial s  in ro o t  exudate from appl e t re e s  

have promo t ed the growth o f  i so lat ed appl e sho o t s  ( Jone s 
1 973 ). Exogenous cytokinins promot e  inflo rescenc e develop­

ment in unro o t ed grape cut t ing ( Mullins 1967 ) ,  sugge s t ing 
the s e  substanc e s  in some way subs ti tut e for the pre s enc e  

o f  roo t s . Miginiac (1971 ) and Woolley and Ware ing (1972 ) 
c onsidered plant ro o t s  can regulat e shoot  meri s t em func t ion , 

through cytoldnins. 

The re sul t s  o f  Luckwil l  and Whyte (1 968 ) wi th  
apple cul t i vars ind icat ed the c es sat ion o f  shoo t  growth 

corre spond ed approximat ely to  the t ime cytokinins 
d i s appeared from the sap . 



1. 3 Carbohydrate Reserve s. 

7. 

In deciduou s plants bud burst in spring i s  fol­
lowed by a period of growth , and initially there i s  no 
foli age t o  suppo rt thi s  growth. There is als o  a peri o d  
o f  c ompetition between the growing sho ot api ces , and the 
developing flowers and fruitlets for the metabolites being 
pro duced ( Qui nlan and Pre ston 1968) , and so  it i s  neces­

sary to determine the source of carbohydrate s used in 

growth , and their di stribution through the plant . 

Shoot growth has been found po sitively c o rrelated 

w i t h  bud size , and al so  with the environment of the year 
in whi c h  the bud was fo rmed; and in many temperate zone 
wo o dy plants sho ot growth depend s primarily on c arbohyd­

rate re serve s , n ot on current photo synthate s ( Kozlowski 
1964 ) .  In a study over 25 years of apple trees grown o n  
a range of ro otstocks , a signif i c ant negative c o rrelat i on 
was e stabl i shed between yield and the following season' s 
sho ot growth , but not between y ield and shoot growth in 
the s ame year ( Rogers and Booth 1 964 ) .  They suggested 

a heavy c rop reduced the level of sto red reserves ( no t 
spe c ified ) , and hence next year's growth . Bienni al 

var ie t ies of apple make more sho ot growth in the i r  " on" 
year . Since c ropping has a large effect on root growth , 

redu c t i ons in ro ot growth due to a heavy c rop c ould result 
in reduced sho ot growth the following year . 

Work with young apple tree s has shown soluble 
sugars , starc h , and hemi cellulo se in the wood and bark 
support vege t a t i ve growth in the spring. It has not been 
po s s i ble t o  enc ourage t he u se of m o re than 3 3% of such 

extractable material in growth , and s t ill keep the plant s  
healthy ( Prie s tley 1970 ) , bu t  clearly a po rt i on o f  the 

re serve c arbohydrates play an impo rtant role in growt h . 
Studies with pecan tree s following a s s im ilation of 14co2 
showed t ran slo cation from sto red re serves i s  evi dent at 
bud bre ak , and it appeared they were not u sed f o r  sub s t an­

t i al growth of ti ssue other than tho se as s o c i ated with 
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elongat ion ( Lo ckwo od and S parks 1 978 ) . Following the 
relatively rapid  depletion of res erves  as the first  l eave s  

expand , there i s  a repleni shment o f  reserves  be fore shoo t  

ext ension bec ome s act ive ( Pri e s t l ey 1 960 ) , and quant i t­

at ive ly the great er  part by far o f  the t o t al new growth 

in appl e fruit s  and sho o t s  i s  bas ed on mute rial s from 
current pho t o synthesi s ( Hansen 1971 ) .  Similar change s in 

the c arbohydrat e reserve s  o f  ro o t ed grape cuttings have 

been recorded ( Buttro s e  1 9 6 6 ) ,  and in cas sava sho ot  growth 

mad e by cut t ings i s  very c l o s ely related to the to t al 

carbohydrat e c ont ent o f  the cut t ings ( Nho l ey and C o ck 1 97 5 ). 

When hardwo od cut t ings o f  appl e are rooted unde r  c ond i t i ons 
favouring carbohydrat e lo s s , i t  is found the subseq uent 

l evel o f  e stabli shment in the fi eld is low ( Cheffins et al . 
1974 ) . In s t em cutt ings o f  the kiwifruit defoli at i on 
enhanc ed flower bud develo pment , pre sumably by d ivert ing 

more  o f  the l imi t ed res erves  t o  thi s  sink , and over a 

26-day period aft er  bud burst , the expand ing leaves  did  

not appear to mak e any important c ontribut ion of  pho t o­
synthat e s  to  sho o t  growth , but rather they appeared as  the 

maj or metabo lic  sink in the rapidly d eveloping kiwi fruit 
shoot  ( Brund ell  1975c ) .  

A young expanding l e af import� assimi lates , largely 

from the uppermo s t  leaves  below i t , and when it reache s  

30- 50% o f  i t s  f inal size  i t  begins to export as s imilat e s  

( Thrower 1962 , Wardlaw 1968 ) .  In the soybean when a l eaf 
i s  8% of i t s  final size  and growing rapidly ( typi c ally 
the out ermo s t  l eaf of  the api c al group ) i t  has a rapidly 

increasing import o f  C-as similate ( Thrower 1962 ) .  As 

indicat ed earl i e r  it is at about thi s stage that a l eaf 
is playing a very signi ficant ro le  in det ermining the 

final l ength o f  the int ernode above i t . 

In wo ody perennial s ni trogen res erv e s  are al s o  

important , and there may be  a high correlat ion b etwe en 

the l evel o f  s t o rage N and new spring sho o t  growth ( Tromp 

1970 ) .  Hydro ly s i s  o f  wood pro t e in oc curs befo re bud break 

( Ol and 1 9 59 ) , and the l evel o f  amino ac ids in grap e ro o t s ,  
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c ane s and bud s ri s e s  just b e fore bud bur st (Kli ewer 1967 ) .  

In grape cutting s  both solub l e  and insolub l e  N i s  available 

for the growth of n ew root s and sho ot s ,  and i s  even u s ed 
pr e f er entially o v er fertili s er-N (Ubbink et al. 1 973 ). 
Vacuum- extracted st em sap of appl e shows N c onc entrati on 

incr e as e s  just b efor e  bud bur st , and peak s  at ful l bl o om 
(Bo l l ard 1953 , Co op er et al. 1972 ) ,  and thi s i s  beli eved 
to  re sult from mobili sati o n  of r e s erve s  rath er than a 
mo vement of r e c ent ly-absorbed nutrie nt s  (Bo llard 1 953 ). 

Exog enous e;ibber ellins :::>timulut e stem elo ngatio n  o f  

many plants , an eff ect n o  doubt o f  the many chang e s  that 
tr eatment has induc ed. In barl ey s eed s , GA c ause s  th e 
d e  !!2..Y.2. synth e si s  o f  o(,-arnyLtse whi ch r e sult s in the 
hydrolysi s  of starch , and wh e n  wh eat i s  tr eated with GA3 
the c oJeopti l e s  e l ongat e  and starch r e serve s  di s app ear 
(Bo othby and Wright 1962). 1-'erhap s a si:ni lar rn e chanisrn 
o c c ur s  in GA- stiL:uL.ted c'3r owth of other plant s. Gro chowska 
(1 97 3 )  show ed a high starch content in plant tissue i s  an 
ind i cator o f  low amounts of uuxin aml gibb er ell in i n  tho s e  

ti ssue s. 'v�orking with seed ling s , Nand a and Purohi t ( 1 965 ) 

found GA3 r educ ed starch in proport i o n  to the runount o f  

e xtens i on growth induc e d , and shovved an incr eased  activ ity 

o f  hydrolytic  enzym e in ti s sue treated with GA3• Pal eg 
(1 965) ha s shown th e corollary betw e en GA tr eatment o f  
ti s sue , and the l o ss o f  stor ed starch from the s e  ti s sue s ,  
and ther e ar e many exampl es of chang e s  in enzym e d ev e l op­
m ent in e l ongat i ng tis su e s  with GA3 tr eatment- just as  
c hang e s  in DNA and RHA synth e si s  have b e en c orre lated with 

GA- stimulated growth . The s e  ef fect s  ar e di scus s ed by 

Jones R.L. (1973 ) ,  who considers it i s  not c l ear whether 
the s e  GA3- stimulat e d  chang e s  ar e th e c aus e of the increased  

st em growth rate , or if  they ar e simply invo lved in the 
maint enanc e of the higher rat e of c el l  e longation. 

In the grape vine aft er winter r e st ,  star c h  di sa­
ppe ar s  to  support new gr owth , but GA3 alone or in c o mb ina­

t i on with BAP was ineffective in promoting the r e l ea s e  

o f  sugar s from l y e ar old c an e s  (Skene 1971 ) .  It was 
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concluded GA3d i d  not have a direct eff ect on the enzyme s  

c once rned with starch d egradat i on , and it was noted that 

!AA was e ff e ct ive in promoting the relea s e  o f  sug�rs from 
wo od. The larg e st eff e ct on sugar relea s e  wa s a ss o c iat ed 
w ith stimulati on o f  cambial activity (Sk ene 1971).  

Wh en apple seedl ings or trees were suppli ed with NAA 

th e starch d i sappeared from the ti s sue s ,  but GA had only 

a v e ry sl ight e ff e ct , and when the sho ots w e r e  suppl ied 
with GA and NAA togeth e r , starch l o s s  wa s enhanc e d  
(Pi eniazek and :::lani ewsk i  1 9 68 ) . The sam e eff e ct w a s  found 
in furthe r  work , and the s e  &uthors also con s i d e r  the 
d egradati on of sto red carbohydrat e s  in the spring i s  

ho rmonally-contro l l e d  by an interaction of e ndog enou s 
auxins and g ibberell ins , the pro c e s s  be ing ini t iated by 
auxins pro duced by the burstin8 bud s (Saniewski and 
Pi eniaz ek 1972 ) .  

Currently there i s  int e r e st in the area o f  hormone­

d i rected transport of uetabolite s , and Luckwill ,1970) 
ba s e s  his mo d e l  o f  shoot growth c o ntro l on a mob i l i s i ng 
ro l e  for  auxin pr o d uced in the apex . Gibberel lin may 
hav e  an ind i re ct effect by regulating aux in produc t i on , 
altho ugh its synergistic action with auxin was noted above. 

S eth and Ware ing (1967 ) r evea l e d  that the attraction o f  
nutri ents towards the sourc e o f  auxin i s  greatly enhanced 
when it i s  appl ied tog eth e r  with GA and cytokinin . 

Treatment o f  l eave s  o r  roots o f  intact grape plants with 
c ytokin in modi fies  t he patt ern of movement o f  pho t o syn­
thate , amino ac i ds , and o rgani c  ac i d s  (Shindy and Weaver 
197 0 , Shindy et al. 1973 ) . li'Iull ins (1970 ) c onclude d  
hormone s simply ex ert a s ink e f f ect on the phlo em trans­
port system; and in the grape , when only one o f  two sho ots 
i s  sprayed with GA3 there i s  a marked transfer  o f  a s s imi late 
into the spray e d  sho ot- and s o  it c ould contribute to its 

increa s ed growth ( Quinlan and .weaver 1970) . In thei r 
propo sal of  SADH acti on o n  appl e plants (Ho ad and 
Mons e l i se 1976) , an induc e d  fall in GA l ev e l s  in the stem 

tip c ontribut e s  to a reduction in its "sink-strength" and 
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thus reduc ed translo cat i on t o  th e area - whi c h  cau s e s  a 
retardati on of int e rnode elongat i on . 

1.4 G rowth H egulo.tors. 

Som e referenc e has already been mad e to the in­
volvem ent of these substances in growth control, but 
other observations should also be noted . 

(a) Gibberellins -

In sunflower _plants there is n. ;;o si tive c o rrelat i on 

betwe en the r:uo.nti ty of diffusible-GA from an internode 

and its rate of extension [irov·:th ( Joncs and Phillips 1966), 

and th e reduc ed steLl gro·,vth in the flo o ded tomato plant 
has be en related to the reduc ed expo rt of gibb e rell ins 
from th e ro ots ( Heid and Crozier 197 1 ). Barend s e  et al. 

(1968) c onsid e r thGt early growth of pea seedl ing s  is at 
l ea st partly regulated by G A ' s rel ea sed from a bound fo rm 

in th e s e e d s , and Crozier et al. ( l97lb ) c ons i d e�ed th e 
l ikely involvement of sp ecif ic endogenou s GA' s in th e 
growth of bean seedl i nes . A greate r  amount of GA-like 
substanc e s  is found in the transp i rat i on stream of v ig­
orous app l e  tre e s  (Ibrahim cmd Dana 1971 ) , and g ibberell ins 

hav e  b e en widely found in th e xyl em sap of the appl e 
( Luckwi l l  and Whyt e 1 968 ) and other plants .  Gibberell in 

c onve rt s  dwarf b e an s  into po l e  beans ( ;'li ttwe r  and Buk o vac 
1 9 57 quote d  in C l e land 1969 ) , and in  s ome  g enet i c  dwarf s of 

c orn and r ic e , dwarfi s:-n is r e lated to the abs enc e of , o r  

reduc e d  l eve l s  of endogenous GA- l ik e  sub stanc e s  ( Jon e s  H. L. 
1973 ) . Wh en a young appl e tree  i s  sprayed with GA3 int e r­

no d e  length and shoot l eneth i s  inc rea s ed ( Luckwill 1968 ) , 
and thi s  typ e of response ha s been us ed a s  the bas i s  of a 
bioassay with grap e  sho ots ( 1veaver and lVicCune 1 959 ) and 

l ettuc e s e edl ings (Frankland and Ware i ng 1 9 6 0 ). But when 

s e edling s  w e re treated with d iffe rent l ev e l s  of.the growth 
r etardant AM0-1618 ther e was no obvious c o rrelat i on bet­

w e en stem elongat i on and the level of extracted GA-acti vity 
( Croz i e r  et al. 1973 ). 
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It s e ems generally ac c ept ed that gibberellins are 
primari l y  re sponsibl e for int ernode  e longat i on (Ful fo rd 
e t  al . 1 96 8 , Phi llips 1972 ) ,  and i t  i s  known they c an 
simul a t e  the  e ff e c t  o f  a yo ung leaf blad e on int erno d e  
elongat i o n  (Ful ford e t  al . 1968 ) . A s  t h e  diff e r ent gibb e r­
e l lins vary in the amount o f  st ern e l ongat i on they i nduc e 
(Cro z i er e t  al . 197 0 ,  Kaufmm1 1967) one may e xpe c t  the  
gibb e r ell ins impo rtant in s t e m  growth to  vary wi th the 
pl ant . Whi l e  GA8 appeared to be impo rtant in the growth o f  
Phas e o lus s e edl ings , t hi s eff e c t  is likely t o  be r e s t r i c t ed 
t o  the early stage s of ge rininat ion , and i n  12-d ay old s e e d­
l ings GA' s 1 ,  4 ,  and 19 appe ared t o  b e  the main s t ern­
growth promo t ing GA ' s (Cro z i e r  et al . 197lb ) .  Barlow (1967 ) 
reported a negl igibl e effec t o f  GA3 on t h e  growth o f  apple 
t re e s ,  but they reac t ed strongly to  GA4 and l e s s  mark edly 
t o  GA7• I n  Pic e a  Dunberg (197 6 )  found a rapid ri s e  in GA 
and IAA ac t ivi ty d uring ·the period of rapid sho o t  e l onga­
t i on ,  and in thi s plant GA- l i k e  substanc e s  are a pr e­
r equ i s i t e  for el ongat ion .  Qual itative change s sugge s t ed 
a GA- int e rc onverson pL". thway, t o·rJ::trd s more polar compound s 
was o pe rat i ng .  

Some o f  the eff e c t s  pro duc ed by auxins are similar 
t o  tho s e  c aused by gibberell ins , sugge sting the  ac t i ons 
of  the  two sub stanc e s  are c onne c t ed - however , the  two 
mat erial s  may al s o  produc e o ppo s i t e  e f f e c t s . Whi l e  auxin 
l evel do e s  i ncr e a s e  in many t i s sues  in the pre s enc e o f  GA , 
at l e as t  s o m e  GA r e spons e s  are ind e p end ent o f  the  pre s enc e 

o f  auxin , and the  general c onc lusion appe ars t o  b e  that·GA 
ac t s  with auxin , rather t han through auxin . 

Many stud i e s  (e . g .  Kaufrnan 196 5 ,  Oc k e r s e  196 7 ) 
have c onsi d e red the r elat i onsh i p  o f  GA to auxin in s t em 
growth; in s t em s e ctions , and intac t pea pl ant s GA3 induc e d  
ext ension growth only i n  t h e  pre senc e o f  aux in (Bri an and 
Hemming 1958 ) , and they ac t syn e rgi s t i c ally promo t ing in 
st e m  growth (Grunwald and Lo ckard 197 3 , Janki e wicz e t  al . 
1 973 ) . The int e rac t i ons b e twe e n  auxin and gibberellins 
are no t c l ear , but evid enc e c ont inu e s  t o  appe ar that the 
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two wo rk t oget her in c au s ing e l o ngat i on .  GA ap pear s  no t 
t o  wo rk through an auxin-med i <:.ct e d  mechan i sm , no r in way s  
t hat have b e en pro po s ed i n  various o ther  hypo the s e s  f o r  
t h e i r  int erac t i on ,  but t o  j_ n t e rac t with aux in i n  b ringing 
about growth ( K e fford 1 9 6 2 ) .  

( b ) Auxins, Gyt okinin s ,  Inhi b i t or s -
Native aux ins ar e wid ely found in plant s ,  and at 

p ar t i cular s t age s of  d. ev e l o pment :aay p l ay a ma j o r  r o l e  
(e . g . Gold schmi d t  1 9 7 6 ) .  C r i t chfi eld (19 7 0 )  bel i ev e d  

h i s wo rk prov i d e d  good c i rcuEi s t ant i al evi d enc e o f  a 
dominant role f o r  aux i n  in con tro ll ing sho o t  e x t ens i o n . 
'.Ph e r e  have been u.tt ewpt s t o  r e L�t e the  e f f e c t  o f  l ight 
on s t em gro wth t o  c h , ·.nge s i n  auxin me t abo l i sm ( Fl e t c h e r  
and � al ik 1964 ) ,  but in c omparj_ s on wi th GA , aux in o ft e n  
has l i t t l e  e f fe c t  o n  s t em growth ( Jan�c i ewi c z  e t  al . 1 9 7 1 , 
Phi l l i p s  l97la ) .  

A d i ffe renc e in e f f e c t  o f  IAA and GA on t i s sue  
d i f f e r ent iat i on in e l on��t ing ap�l e int e rno d e s i s  r e c o rd e d  
by J anki ewi c z  e t  al . ( 1 9 7 3 ) ,  and ind i c a t e s  a n e e d  f o r  b o th 
type s  o f  mat erial in growth . In d e c ap i tat ed apple sho ot s ,  
auxin o r  BAP d id no t s t ililul�tt e elonga t i on mo r e  than GA3 
alone , but it  was only in the pre s enc e of  all thr e e  that 
the sho o t  t i p  was anat omi c ally like  a no rmal non-d e c api­
t at e d  one (Mo ras z c zyk e t  al . 1 974 ) .  

Now in co ntrast t o  e arly vi ews about the ro l e  o f  
auxin i n  plant s ,  the old pre c e:pt  o f  " no auxin , no growth "  
app ears t o o  s i mp l e , and M e r  (1 9 6 9 )  c onsiders  much o f  the  
work r e lat ing auxin l ev e l  to  growth level is  que s t i onable .  
Ob s e rvat ions no t e d  s o  far ind i c at e  an i nt e r-re lat i on sh i p  
b e tw e e n  endogenous ho rrnone s , and t h e  work o f  She in and 
J ackson (197 2 ) sup p o rt s t h e  i d ea o f  s t em growth d ep end ing 
on the l o c al hormone balanc e - whi c h  i s  mod i f i e d  by a 
wide  range o f  int e rnal and ext ernal fac t or s . #right (1968 ) 
ha s shown s e quen t i al rol e s  for the vari ous groups o f  
growth r e gulat o rs i n  th e growth o f  the  wheat c o l e o pti l e  
and f i r s t  l e af . Gibb e r e ll in s  and c y t okinins may ac t 
s e q uent i ally on sho o t  growth , as sugg e s t ed by the r e sul t s  
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o f  Ali and Flet cher ( 1971 )  who found an appl i cat ion o f  
BAP t o  an inhibi ted luteral bud , followed 4 8  hours later 
by GA3 was mo re effec t ive in promo ting sho o t  growth t han 
when the two ho rmones were appl ied t ogether . The exi stence 
of such inter- r e l at i onshi p s  that integrate the who le plant 
i s  al s o  reflec ted in the model s o f  sho o t  growth of Luckwill 
( 196 8 ) and Jankiewi c z  ( 197 2 ,  J ankiew i c z  et al . 197 3 ) .  

Large ouant i t ies o f  solutes may be t rans po rted t o  
the branches o f  a t r ee in t he xylem s ap i n  the s pring 
( Luckwi l l  and ·, lhy te 196 8 ) ,  and we may expec t cytokinins 
originat ing in the ro o t s  to be an impo rtan t  fac t o r  in the 
control o f  plant growth ( 0kene 197 5 ) .  Bo th endogenous and 
synthet i c  cytokinins promo te el ongat i o n  o f  i sol ated apple 
sho o t s  ( Jones 1 9 6 7 , 197 3 ) ,  and Luclcwi ll and 1vhyte ( 196 8 ) 
c o rrelated the f al l  in sap cytokinin level wi th the end 
o f  sho o t  exten s i o n  growth . 

The supply o f  kinet in to  plant ro o t s  may reduce 
dry weigh t  ac cumul at ion and elongat i o n  o f  the t o p s  
( Wi ttwer and Ded o l ph 196 3 ) ,  whi le IAA and/o r  kinet in under 
some c ond i t i ons reduces GA3-ind uced el ongation in the main 
stem o f  dwarf bean s ( Jackson r.nd Field 1972 , Shein and 
Jacks on 1 971 ) .  

It i s  al so worth no t in� that a t i ssue ' s ho rmonal 
c ontent at any one t ime may n o t  be very meaningful , and 
what i s  more impo rt ant i s  the rate o f  hormone turnover 
in the t i s sue ( Jones R . L .  197 3 ,  Zeevaart 197 1 ) .  There 
i s  evidence t o  suggest roo t-cyt okinins play a ro le in 
c ontrol ling sho ot  growth and that they do this  in part , 
via an effec t on GA met ab o l i sm , and Rai lton ' s ( 197 4 ) 
resul t s  show how a cytokinin c an markedly affec t GA 
turnover in plant s .  Further , when t omato  plan t s  are 
flooded , t hey have reduced GA and cytokinin level s ,  and 
then an exogenous supply o f  cyt okinin raises the GA level 
and par t ially rel ieves their dwarfnes s ( Rei d  and Rai l t on 
1974 ) . 
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Plan t  t i s sue s al so c o n t �in large amount s o f  i n­

h i b i t o r s  - no t only AUA but al s o  neutrsl non- po lar one s . 

I t  has b e e n  w i d e ly b el i ev e d  ABA i s  impo r·tant i n  r�gul at­

i ng sho o t  grow ·th s i n c e  a c o rr e lat i on has b e en found 

b e tw e e n  the  i nc re a s e d  l evel o f  t h i s  hormone and the  

c e ssat i on of  growth ( Phi L l i p s ;,md 1 v ar e ing 1 9 58 ) , and 

exogenous ABA up pl i c a t i on may reduc e growth . However 

there  i s  now s o me doubt  about the suege s t i on ( Bagl e s  and 

W are ing 1 9 6 4 ) tha t ABA i s  r e s ponsibl e for  the c e s s a t i on o f  

sho o t  e l onga t i on and fo rmat i o n  o f  t erminal bud s und e r  

short day s . Thu s the h i gh e s t  l evel s o f  ABA have b e en 

found in the  small exp:md ing l ero.ve s  and upp er s t em o f  

rapidly-gro wing sho o t s  o f  the n p pl e ( Powe l l  and S e e l ey 

1970 ) and p o plar ( El i as s o n  l 9 b 9 ) .  Stud i e s  w i th s e ed l ings 

o f  Malus and Be tula i nd i c a t e  ABA d o e s  no t p l ay a primary 

ro l e  in the c ontrol o f  sho o t e l ongat i o n ,  as sho rt  day s  

d i d  no t l e ad t o  i nc reased  amoun t s  o f  ABA i n  the sho o t s  

( Powe l l  197 6 ) .  Further e vid enc e in suppo rt o f  thi s 

propo sal was obt ained by S ingha and Powell (1978 ) .  Low 

l e v e l s  o f  ABA have b e en d e t e c t e d in the x yl em sap o f  

Ac t inidia chinens i s  during the early s pring ( Davi d son and 

Young 197 3 ) .  In the c ontro l o f  the rat e o f  st em e l o ngat i on ,  

and the c e s s a t i o n  o f  growth and deve l o pment o f  re s t , ABA 

app ears to be j u s t  one of a group o f  fac t o rs that are 

impo rtan t . 

To re t urn t o  t h e  i d e a  o f  hormon e  balanc e one may 

no t e  the work o f  Atkin et al . ( 197 3 ) with mai z e . They 

found as the t emperature of the r o o t  media was lowered , 

�ho o t  growth b e c ame mo re  r e s t ri c t ed , with a d e c l i ne in GA 

and cytokinins in the b l e e d ing s ap ,  al though i nh i b i t o r  

l ev e l s  ro s e  - and so i t  was sugg e s t ed t h e  c hange in sho o t  

growth was r e l a t e d  t o  an al t e ra t i on i n  the bal anc e o f  

growth regul at o r s  expo r t e d  from t h e  ro o t s  to  the shoo t s .  

( c )  Growth r e t ardan t s  -

S eve ral chemi c �l s  have b e en synth e s i s ed that have 

marke d  effe c t s  on growth and d e v e l o pment of plant s ,  and i n  

s ome ins tanc e s  t h e i r  use  h a s  b e c o me c ommerc i ally f e a s i bl e . 
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Chemi c al c ontro l o f  plant h e ight and sho o t  growth o f  many 

h e rbac eous and woody pl an t s  i s  now po s s i bl e , and the 

mat eri al s  used may al so have o ther  us e ful effec t s  on c ro p  

d evelo pment . �ADH has a range o f  effec t s  o n  fru i t c ro p s ,  

includ i ng a mark e d  reduc t i on i n  vegetative  growth - an 

e f f e c t  i t  has b e en shown t o  have on the k i w ifrui t  vine 

( D avi s o n  197 1 ) . lilany s tud i e s  have b e e n  mad e o f  i t s  mod e  

o f  ac t i o n ,  e s p e c i ally i n  relat i on t o  gibbere llin  met a­

bo l i sm ,  s inc e ::lADH t r e atment may reduc e GA l evels  in s t em 

t i p s  ( Ho ad and lVIons e l i s e  1976 ; Ryugo and ::l ansav ini 1972 ) ,  
and gibbere l l i c  ac id  c an nega t e  or rev e r s e  the e ffe c t  o f  

r e t ardant s o n  plant gro wth . Hov'v ever , Gre enhalgh and 

Edgerton ( 1967)  showed SADil  should no t b e  c onsid ered as 

an " ant igibberel l in " , and some of i t s  eff e c t s  may r e su l t  

from i t s  int erfe renc e in  o th e r  me t ab o l i c  pro c e s s e s . 

The grow·th  r e t �C�.rd u.!'l t s  CCC and AMO 16 18 al s o  aff e c t  

G A  b i o synthe s i s  o r  ac t i on ( C arr and H e i d  196 8 , Lang 197 0 ,  

R e i d  and C arr 1967 , H e i d  and C ro z i e r  197 0 )  al though a fall 

in GA ac t i vi ty aft e r  t r e at ment with ret ardant i s  .no t  a lways 

r e c o rd e d ( Grausl and 197 2 ) .  '11h cre i s  evid enc e t h e s e  

r e t ardan t s  al s o  � ave  e ff e c t s  o ther  than on end o genous 

gi bbere l l ins , aml Id1 en &ra p e s  were treated  w i th GCC i t  

ac t ed d i r e c t ly on the ro o t  meri s t em t o  inc rease  cytok inin 

produc t i on ( Skene 197 0 ) . The d ata of Cro z i e r et al . ( 197 3 ) 
e s t abl i shed that some o f  the e f f e c t s  o f  AM0-1618 on the 

growth of Pha s e o lus se edl i ngs are ;ne d i at ed by fac t o rs 

o ther  than inhi bi t i on o f  GA bi o synthe s i s . 

Mal e i c  hydraz i d e  ( 6 - Hydroxy - 3 (2H ) - pyri d az inone ) 

i s  a chemi c al highly mo bi l e  in the  pl ant but wh i c h  unl ike 

SADH and CCC i nhi b i t s  no riilal a p i cal 1neri s t ern func t i on s  

( d iv i s i on ) and therefore  af fec t s  b o th vege tat i v e  and 

re pro duc t iv e  d e ve l o pment . I t  has b e en w i d e ly used  t o  

s t o p  sprout i ng o f  onions in s t o rage , al though i t  h a s  b e en 

u s e d  t o  c ontrol sho o t  gro wth in apri c o t  ( Uriu e t  al . 197 3 ) 
and o rnrunental s ( Sachs e t  al . 1970 ) .  Thi s  mat eri al al so 

breaks api c al d o minanc e , s o  plan t s  b e c ome bushy , and newly 

emerging l e av e s  may be mal formed ( Sachs et al . 197 0 , Wu and 
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Overcash 1 9 u 8 ) .  11lany t h e o r i e s  o f  the  mo d e  o f  ac t i o n  o f  

thi s mat e rial have b e en pro po s ed ,  but i t  s e ems l ik e ly 

i t  ac t s  through an e f fec ·t on the nuc l eus and no t by c o mpet­

i ng w i t h , or  inhi b i t ing the  s y n t he s i s  o f , s ome s i miJl e  

me t abo l i t e  o r  hormone ( N o o d en 19G9 ) . 



B-l SAP FLO W AND SAP HORMO NES . 

18 . 

Translocat i on within a plant o ffers  the po s sibil­
ity  o f  mat erial s be ing re-distribut ed from areas o f  

produc t i on o r  B t o rage t o  areas o f  ut ili sat ion , and permit s  

an int erdepend enc e o f  t h e  various part s o f  the plant 
throughout i t s  s e asonal cyc l e  of d evel o pment . In addi t ion 

to the widely rec ogni sed upward flow o f  sap in the xyl em , 

there i s  also an ou tward flow in the phl o em .  The c ompo si­
t ion of  thi s sap flow i s  divers e ,  inc luding carbohydrat e s , 

amino ac ids , mineral el ement s and growth  regulators . Not  

only i s  it  po s s ibl e t h a t  sap flow rate  vari e s  through 

the year , but i t s  c o mpo s i t i on may al so vary , even diurnally 

( Carr and Pat e 1 9 6 7 ) .  Becaus e the behaviour o f  each part 

o f  a plant is affe c t ed by , or depend ent on , o ther part s 
o f  a plant , c onsid e rable  work has been done on the sub­

stanc e s  be ing transferred wi thin a plant and fac tors  

affec ting this trans fer . Some of the important areas here  
inc lude : -

( i )  D ifferent ial mineral el ement transfer as an explana­

t ion of  ro o t s t o ck effec t ( Jone s 1 971 ) .  
( ii )  Sap c ont ent o f  growth regulators  in relat ion to 

ro ot stock  effect ( I brahim and Dana 1971 ) .  
( i i i ) Transfer o f  c arbohydrat e s  and mineral el ement s in 

relat i on to  fruit  nuality and storage disorders  

( Faust  et  al . 1969,  Tromp 197 5 ) . 
( iv )  Mobili sation and transfer o f  ni trogenous compounds 

inrelat ion t o  s pring sho o t  growth ( Tromp 197 0 ) .  
( v )  The effect  o f  flooding on sap gibberellin l evel s  

a s  a mechani sm by  which stre s s  modi f i e s  plant 

growth ( Reid et  al . 196 9 ) . 
( vi ) Sap-transported growth regulators in relat ion t o  

dormancy release ( Bachelard and #ightman 1974 , 
Browning 197 3 ) and apic al dominanc e ( Woolley and 
vwareing 197 2b ) • 

( vi i ) Sap growth regulato rs in relat ion to fruit s e t  

( Skene 1 96 8 ) .  
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( vi i i ) The ro l e  o f  gibberel l i n s  pro duc ed in the ro o t s  in  

main t aining a juve ni l e- l ike c o nd i t i on in sho o t s 

( Schwabe and Al-Do o r i  1 97 3 ) .  

( ix )  The red i s t ribut i on o f  c y t o k inins in phl o em sap , 

t o  plant o rgans for s t o rage ( van S t ad en 1 9 7 6 ) .  

C l e arly , the  vary ing flow o f  mat e rial s through a 

plant ' s  vas cular s y s t em i s  i nvo lved in a wi d e  range o f  

plant pro c e s s e s , bu t in many instanc e s  i t  i s  s t i l l  no t 

c l ear w hat ro l e  i s  pl u.yed by t h e  �iub s t anc e s  known t o  b e  

pr e s ent i n  t h e  s a p . A ful l  und e r s t and ing o f  growth and 

d e vel opment re c u i r e s  thi s info rmat i on . 

In add i t i on t o  be ing t h e  vehi c l e  f o r  moving mat e r i al s  

t o  d i s t an t  part s o f  a pl ant , f o r  analyt i c al w o rk plr:.n t s ap 

has the o.dvanta oee o f  be ing r e l a t ively pure and fre e o f  

t h e  many o th e r fJU b f3 t c:..nc e s  t hat make puri f i c at i on o f  wo ody 

t i s sue di f f i cul t .  . 1 h en et grovving plnn t  i s  d e c ap i tated , 

xyl em ro o t  exud a t e  m<.ty b e  c o l l e c t e d , o r  bl e e d ing sap may 

be c o l l e c t ed from an auger boring int o  the branch o f  a t r e e . 

::>ome pl ant s p r o duc e c o pi ous CJ Uant i t i e s  o f  sap i f  cut  at 

c e r t ain t i me s , inc l ud ing the t� ra p e , the kiwi frui t vine , 

and the sugar mapl e - the l ut t e r  pro duc ing a valubl e 

c o mmerc i al pro d uc t , maple  sy rup . I n  add i t i o n , s ap may b e  

c o l l e c t ed from sho o t t i s s u e  b y  c entri fugat i on o r  vacuwn 

e x t rac t i on - t he c o mpo s i t i on o f  the l a t t e r  apparently 

b e i ng typ i c al of  exud e d  s ap ( J ones 1971 ) .  

1 . 1  Sap F l o w  

In t h e  e arly sprin� , s a p  fl ow from fre sh cut s c an  

b e  h i gh ,  and :t' o r  th i s  reason i t  i s  usual t o  avo i d  early 

spring pruning in c;r<:t p e  and ldwi frui t vine s . In :::3 outh 

Aus t ral i a ,  s a p  f l ow in Vi t i s  vinifera s t art s just pri o r  

t o  t h e  s t art o f  bud bu.c s t  and c on t inue s for about 3 weeks  -

whe n  bud burs t  i s  c ompl e t e  and n ew sh8 o t s  are e lo ngat ing 

( ::>k ene l 9 b 7 ) .  
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The s ap flow from f ield grupe s  in  the spring recorded  by 

Skene ( 1967 ) in Aus tral i a  was vari able , al though duri ng 

Sept ember the flow rat e s  were highest  at the early s tage s 
o f  bud burst . Coll e c t ing sap from three out o f  the eight 

cane s on a vine yi elded 1-1 . 2  li tre s a day at the p e ak , 

falling to  400-600cc  a d ay for lat er harve s t s , and 
finally c easing if  cut s were mad e at the end o f  bud burst . 

In 60-day old sunflower s e edlings the sap flow rat e de­

c l ined only sligh tly over  the  four days following d e c api­

tation ( Sitton e t  al . 1967 ) .  

Wat er u p t ak e  by plants  i s ,  t o  a large ext ent 
affec t ed by t ranspirat ion ,  and wat e r  transport i s  no t 

primarily contro l l ed by metabo l i c  func ti ons wi thin the 
plant as  the amo unt of wat er used in metabo l i sm is quanti­

tat ively uni mp o r t ant in relat i on t o  the amoun t  trans port ed . 
The magni tud e of . va ter  uptake  i s  al so  det ermined by the 

resi stanc e in the plant t i s sue s , and this  has been d i s­

cus s ed by Kuiper ( 1964 ) ,  wi th part icular referenc e to the 

effec t o f  ro o t  t emperature . The relat ionshi p  be tween 

wat er uptake and ble eding sap flow rat e  is no t known , and 
sinc e peak sap flo w s  occur befo re the  develo pment o f  a 

transpiring leaf surfac e ,  the start o f  plant growth meta­

bolic  ac t ivi ty may be very important in det ermining sap 

flows . And erson e t  al . ( 1970 ) descri bed roo t  pre s sure 

exudat·i on from exc i s ed primary ro o t s  o f  mai ze  by a s tanding 

gradi ent o smo tic  flow mode l . 

Because o f  i t s  economic importanc e ,  sap flow in 
the sugar maple has been ext ensi vely studied , and both 

flow rat e  and compo sition have been found to  vary great ly . 

Tre e s  in I thac a ,  New York pro duc e sap from autumn t o  early 

spring with highest  flow rat e s  in March ,  and sugar cont ent 

greate st in  February and/o r March ( Mo rrow 19 5 5 ) .  Maj or 

reas ons for  the vari at ion in flow are : weather , hered i ty , 

e xpo sure , mi cro o rganism ac t ivi ty , tre e size  and vi gour , 

c rown size  and o penne ss , and the number  and depth o f  t ap 

hole  ( Mo rrow 196 3 ) .  More rec ently i t  has been found 

vacuum pumping can substantial ly increas e sap yi eld 



( Morrow 197 2 ) by reduc ing fri c t ion in the c o l lec t i on 
tubing . For uni form sap flow between individual t rees 
i t  i s  e s sent i al they be selec ted for uniformi ty , but 
weather c ond i t i ons will affec t the ac tual flow . There 
are ind i cat ions weather f o rec as t s  are valuable in deter­
mining the start and length o f  the s ap flow , and a return 
t o  c o l d  temperatures can markedly sho rten t he season ' s  
flow ( Mo rrow 1 9 5 5 ) .  

B-2 SAP HO RMO N ES . 

I t  i s  c lear that h o rmo nes are transpo rted through­
out an intac t  plant , no doubt t o  control s pec i f i c  proces­
ses , al though i t  may al so  be for the purpo se o f  s t o rage , 
o r  to undergo c onversion t o  o ther ac t ive fo rms (Cro z ier 
and Reid 1971 ) .  GA-like sub s t ances and cytokinins have 
been detec ted in t he xylem and phl oem sap o f  a number o f  
plant s ,  and an interchange al s o  appears t o  occur- between 
these two streams (Lang 1970 ) .  Bowen and vvareing ( 1969 ) 
have d i scussed t hree po s s i ble func t i ons for the GA ' s  
c irculati ng in the s tem , namely t o  support c ambi al 
func t i on , s t o rage and inac t ivat ion .  

2 . 1  Gibberel l in-l ike Sub s t ances . 

A number o f  gibberellins and cytokinins being 
t rans ported in plant s have been ident i fied , but the ex­
t rac t i on metho d may have some effec t on the sub s t ances 
being removed . In several instances wi th woody t i s sue , 
po lar GA-l ike ac t ivi ty i s  found whi ch d oes no t part i t i on 
into ac id ethyl acet ate but i s  t rans ferable int o butanol 
( Go ldschmidt 1976 ) ,  and in Ulmus glabra and Acer platanoide s  
mo s t  o f  the GA ' s  present in bleeding s ap were i n  a bound 
c on j ugated form (Sembdner et al . 1964 ) .  Such GA- gluc o­
s ides are o ften inac t ive in bioassay s , and may therefo re 



b e  overlo oked unl e s s  pro p e r  extrac t i o n  t e chni que s are 

used . The i r  pre s enc e in s ap ( Sembdner e t  al . 1974 ) and 

s e e d s  ( Barend s e  e t  al . 1968 ) sugge s t s  they are a s p e c i fi c  

f o rm o f  gibberel l in f o r  t ransport and s t o rage . 

G i bbere l l in-l ik e  ac t i vity  in plant sap o r  t i s su e s  

i s  usually d e t e rmined by b i o as say ,  foll owing extrac t i on 

and pur i f i c at i on w i t h  organi c s o lvent s , and t h e  use o f  

sui t abl e c o lumns o r  chroma t o graphy . Becau s e  o f  the small 

quant i t i e s  o f  ac t ive mat erial b e ing stud i ed and the 

d i ff i cul t i e s  o f  puri ficat i on , it is no t usual to d e t ermine 

pre c i s e ly wh i ch gi bberellins o f  the wany known , are pres ent 

in each e x t rac t . Th e signi f i c anc e to the r e s t  o f  the p l ant 

o f  the gi bbere l l i n s  r i s ing in the plant sap i s  no t usuall y  

c l e ar , and i t  i s  pro bably e s s ent i al t hat the  i d en t i ty 

and m e t abo l i sm o f  endogenous gi bbere l l in s  b e  d e t e rmined i f  

p ro gr e s s  i s  t o  b e  mad e in thi s area . Many GA int e rc on­

versi ons c an oc cur in higher plants  ( Ni t sch 1970 ) and the 

importanc e o f  the ro o t s  as a s i t e  f o r  t h i s  proc e s s  was 

shown by Cro z i er and Reid ( 1971 ) .  Since  b i o a s s ays vary 

in the i r  s e n s i t i vi ty t o  di f ferent gibb ere l l i n s , wo rk 

employing a l i mi t e d  numbe r  o f  t e s t s  may pre s ent a mis­

l ead ing o r  inc ompl e t e  pic ture o f  end o genous gibb er e l l i n  

ac t ivity . However , i t  i s  c l ear that pl ant ro o t s  d o  

supply t o  t h e  sho o t s  o f  plant s some fac t o r  affec t ing i t s  

growth , and that gibberellins are synthe si s ed in th e ro o t  

t i p s  and transported  in the  xyl em sap t o  t h e  sho o t s  ( s e e  

Cro z i er and R e i d  1971 ) .  As has b e en ind i cat ed earl i e r ,  

whi l e  r o o t-GA ' s may have an e f f e c t  o n  s t em e longat i on ,  

they are no t t h e  only roo t fac t o r  invol ved in sho o t  d evel o p­

ment . Furt hermo re the ro l e  o f  the ro o t s  in GA m e t abo l i sm 

may b e  mo re as a s i t e  f o r  the int erconv e r s i on o f  sho o t­

synth e s i s ed GA ' s  rather t h an as a ma j or s i t e  o f  GA-bio ­

synth e s i s  



The l evel o f  GA-like substanc e s  in plant xyl em sap 
i s  low : 

Sunflower 

Sunflower , about 

lVIai ze , maximum 

Appl e ,  about 

Appl e 

0 .  0 2  - 0 .  6 5 pg GA3 equival ent s/li t re 

( Kende  and Sitton 19 6 7 ) 
l .  0 pg/li  tre 

( Phillips  and Jones 1 9 6 4 ) 
0 . 0 2 )lg/l ( Atkin e t  al . 1 97 3 ) 

0 . 6  pg/1 ( Robi taille  1970) 
0 . 01 - 0 . 02 pg/l itre 

( Luckwill  and Whyte  196 8 ) 

Analysis  are usually performed on ro o t  exudate c o l l e c t ed 

in the first 2 4  or 48  hours after decapi tat i on , but Sitton 

et al . ( 1 967 ) consid ered there was no loss  in act i vi ty over 

a four-day period - although i t  is no t c l ear if  thi s 

resulted from c ont inuing synthe si s ,  or the rel ease o f  

stored gibberellins . 

2 . 2  Cytokinins 

Substanc e s  with cytokinin ac tivi ty have been 

d e t e c t ed in the sap o f  a wide range o f  plant s ( e . g . 

Carr and Burrow s  1 9 6 6 , Skene 197 5 ) , but a more dire c t  

proof  that ro o t s  c an synthesise  cytokinins i s  that the s e  

c ompounds accumulat e i n  exc i sed  ro o t s  cultured in aseptic  

c ond i t i ons ( van Stad en and Smith 197 8 ) .  There appears to  

b e  a number o f  aspe c t s  of  plant d evelopment in  which 

root cytokinins are involved . Thus , in apple  tre e s ,  an 

inc reas e in xyl em cytokinins was correlat ed with bud burst 
and ext ension growth ( Luckwill and Nhyte  1968),  sho o t  

sene sc enc e was associat ed with a fall in cytokinins i n  
sunflower  root  exudat e ( Si t t on et  al . 1967), and changes  

oc cur in relat i on to  flowering ( Beever and Woolhouse 1974). 
In the bleeding sap o f  appl e ,  mo �t  of the act ivity is due 

to a mat erial wi th the pro pert i e s  of z eatin ribo sid e ,  

although zeat in ri bo tide may al so  have been pre s ent 

( Jone s 197 3 ) .  In o ther instanc e s  al so , zeat in ribo side  



24 . 

i s  the ma j o r  translocati onal form o f  cytokinin ( Alvim et al . 

1 976 , Davey and van Staden 1976 , Hewett and Wareing l973a ) , 

although zeat in may al so  be an important constituent 

( Davey and van Staden 1976 ) . There  may be  additional 
typ e s  o f  cytokinin transport ed to the sho o t  ( Kende 196 5 ,  

Radin and Loomi s 1971 ) . In the l eave s  of  poplar there i s  
a d e c rease in the amount o f  zeatin ribo side in the autumn , 

and thi s  i s  re plac ed by an accumulati on o f  a cytokinin 

gluc o side ( Hewe tt and W areing 197 3b ) , whi ch mat erial can be 
d e t ec t ed in the phlo em s ap ( van Staden 1976 ) . Using GLC-MS 

t echni que s Ho rgan et al . ( l97 3 ) Purse  et al . ( l976 ) identi­

f i ed ribo syl-t rans zeat in , trans zeatin , and d ihydro zeatin 

in sycamore ble eding sap , in addi tion to o ther unid ent ified 

cytok inins . Hall ( 1973 ) indicat ed spring maple sap c on­

t ains i so pent enyl ad eno s ide . 

Vari ous fact o rs are known to  affec t the synthe s i s  o f  

cytokinins by ro ot s ,  and their c onc ent rat ion in sap , includ­

ing nutri t ion , pH , t empe rature , s ene scenc e , str� ss ,  pho to­

period , vari ety  and season . While  cytokinin ac t ivity can 

increase  in bud s independently o f  the ro o t  sys t em , the 

cytokinins ri s ing in the spring sap may have a rol e  in 

emergenc e from wint er  rest , and al so in the b eginning o f  

sho o t  growth . 

In apple sap , cytokinin ac tivi ty ri s e s  sharply 

t o  a peak at full bloom , and falls  quickly to negl igibl e 
l evels  as shoo t  ext ension ceases  ( Luckwill  and Whyte  1968 ) . 

Al so  using vacuum- extrac ted sap from st ems , Alvim et  al . 
( 1976 ) found in willow an abrupt peak in cytokinin c onc en­

trat i on at the time o f  floral bud burst  i . e .  when their 
dormancy is broken , and then a rapid decline as shoo t  

ext ension begins . N o  acc ount was taken o f  ac tual sap flow 

rat e s ,  and therefore o f  the amounts o f  solute being trans­
port ed to the tops  o f  the plants . However Purse  e t  al . 

( 1976 ) no t ed the fluc tuations in ind ividual ac tive frac t­

i ons  in sycamo re sap over 3 months around bud burst , but 
no clear or marked pat t ern in cytokinin c o nc entration was 
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evident . 

The level o f  ac tivi ty in sap i s  indicated by various 

authors , including : -
Sunflower , peaks o f  9-13 pg/litre , kine t in equival ent s  

( Kend e 196 5 )  

Apple ,  peak s  of  

Grape 

Grape 

280 pg/l i tre , kine t in eq . ( Luckwil l  
and �Vhyte  1968 ) 

l -9 . 6 pg/l i tre , kine t in eq . ( Skene and 
Kerridge 1967 ) 

5-26 pg /l i tre , kine t in eq . ( Skene and 

Ant c l i ff 1972 ) 

An e ffect o f  ro o t  t empe rature on the export o f  

cytokinin from mai z e  was rec ord ed by Atkin e t  al . ( 19 7 3 ) 

and in the grap e i t  has a marlced quali ta  t i  ve effect  on 

s ap-cyt okinins ( �kene and Kerri dge 1967 ) .  The appli c at i on 

o f  the growth retardant CCC to  the ro o t s  o f  the grape plant 

inc reased cyt okinin activity in the sap ( Skene. 1970 ) .  The 
c onc entrat i on and the amount s o f  cytokinin transpo rted in  

th e sap decl ined from the first  and sec ond day respect ively 

aft er decapi tation in Vi t i s  ( Skene 1970 ) and sunflower 

( C arr and Re i d  1968 ) ,  and quali tative change s also oc curred 

during the first  thre e day s . 



C-l BUD D uRMANCY. 

� b . 

'rhe phenomenon o f  d o rmancy i s  wid e spread , a,nd 

exhibited by such d i fferent o rgans as seed s , bud s and 
tubers , although t h e  cont ro l mechani sms involved in each 

o f  them appear at l east homologous . Do rmancy occurs in 
many d e c iduous frui t tree s ,  and forest  tre e s , although 

c i tru s  tre e s  do no t have such a rest  period but c ontinue 

growing in a series  Jf f�ushes , be tween which  the l at eral 

bud s are inhibi t ed by correlat ive inhi bit i on o f  the l e ave s .  

In woody plant s th ere i s  a pe t· iod o f  ac t ive sho o t  

growth in the summe r ,  foll owed by a period o f  imperc ept­

ible  growth , which  marks the beginning of  the development 

o f  a do rmant c ondi t i on in the bud s . At thi s stage a numbe r  

o f  treatment s w i l l  result i n  a re sumpti on o f  ac t ive growth , 
but thi s i s  no t t rue o f  the following stage o f  dormancy 

which may include leaf fal l , c e s sa t i on of g�owth , and 
winter re st  o f  the bud s . The format ion o f  dormant bud s 
i s  promo ted by short days in  many wo ody plant s ,  apparently 
due to a direct  inhibitory effect transmi tted from the 

l e ave s ( W are ing 1 9 54 ) .  Unt il  thi s do rmancy i s  broken , the 
bud i s  unable  to grow und e r  c ond i t i ons  of t e.mperature , 

nutri tion and pho t operiod normally sui tabl e for growth . 

However , the t ime o f  do rmancy i s  no t a period o f  inert 
exi st enc e for the bud s ,  but one when a number of changes 

o c cur ( Perry 1971 ) .  

Doorenbo s ( 1 9 5 3 ) has d i s tingui shed betwe en wint er 

dormancy , a nonsystemic inhibi tory system pre s ent wi thin 
the dormant t i s sue , and summer do rmancy of buds which  
f ind s its  c ause wi thin the plant but not  in  the bud s , and 
i s  sys t emi c . At that t ime h e  c onsidered them d i s t inc t 

physiological pro c e ss e s , but subsequently Tinklin and 

Schwabe ( 1970 ) sugge st ed the i r  control system may d iffer 
only quantitatively and no t qual itat ively . 

For bud s to  be rel eased from do rmancy they normally 

mus t  be sub j ec t ed to c ond i t i ons di fferent from tho s e  
induc ing dormancy - and for  many wo ody speci e s ,  wint er 
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chi lling i s  effective . �re z  e t  al . ( 1966 ) sugge s t ed that 

bud o pening in the spring may be  dependent on bo th a 

c hill ing and a light stimulus . Such a plant remains dor­

mant until  i t  has been sub j ec t ed to a c ertain amount o f  
chilling , al though growth fre�uently do esn ' t  re sume when 
thi s po int i s  reached . fhe bud s are then in a state  o f  

qui e sc enc e until  t emperatures sui tabl e fo r growth o ccur ­

and change s in the bud s in lat e winter are the result 

rather than the c aus e of emergenc e from dormancy .  Abbott  

( 1962 ) has demons trat ed the dat e o f  bud break is  more 
strongly influenc ed by the t ime when wint er  chilling oc curs 

than by i t s  int ensity . 

The chilling requirement for a cultivar vari e s  
from year to  year , and the rest  period in apple  and pear 

t re e s  i s  modified by rainfall ( Ne stwood  and B j o rnstad 
1978 ) . I t  was found that bud burst  was ac c el erat ed in 

inc omple t ely  - chilled bud s that were either expo sed  t o  

wint er  rain or  immersed i n  wat e r  - po ssibly due t o  the 

l e aching of a wat er  - solubl e  inhi bitor  from the bud s . 

Dormancy i s  usually c onsidered broken when bud s 
start to  grow within 14 days  o f  be ing plac ed in environ­

mental cond i t i ons sui tabl e for growth , and aft er  rest  i s  

compret ea i t  has been found to  require progres sively l e s s  

t ime than thi s for bud burs t  ( Seeley 1968 quo t ed in Walker 
and Seeley  197 3 ) .  Grape vine s behave differently in that 
there i s  no chill ing requirement to  overc ome do rmancy ,  
and although chilling does  reduc e the t ime taken for bud 
burst  t o  o c cur , the int ensity o f  dormancy i s  markedly 

r educ ed b e fore  the coldest  wint er  period begins ( Antcliff  
and May 1961 ) .  Brund ell ( 1976 ) has shown the  kiwi  frui t 
vine has no e s sential chilling requirement for the t ermina­

t i on of  re s t , al though chilline enhanc e s  bud break . 

A number o f  chemi cal t reatment s have al so b e en 

found effec t ive to  some degree in bre aking dormancy in 

dec iduous frui t s  ( D oorenb o s  1 9 5 3 ) ,  and some of  the s e  have 

been develo ped for commerc ial use  ( Erez  and Lave e 1 974 ) .  



Thi ourea has b e en found a very e ffective  r e st-breaking 
agent for p e ach e s ;  in add i t i on , s pray s of potas s ium nit­
rat e o r  a DNOC - mineral oil comb inat ion has b e en found 
very e ff e c t ive ( Ere z  e t  al . 1971 ) .  Among the growth 
regul ators auxins appear to b e  ineffect ive ; but the 
gibberellins c an  break the  do rmancy of many s e ed s , tub er s  
and bud s ( Phinney and W e s t  1 96 0 ) including the bud s o f  
various tre e s , inc lud ing p each ( D onoho and Walker 1 9 57 ) -

although they d e l ay bud b r e ak o f  grap e s  ( 1v e av e r  e t  al . 
1961 ) .  Although there are report s o f  e thyl ene break ing 
dormancy o f  s e ed s  and bul b s , e thyl en e  - rel eas ing chemical s  
had no influenc e o n  bud break o f  �o rmant app l e  sho o t s , 
and e thyl ene did  no t app e ar t o  have a ro l e  in wound­
st imulat ed bud break o f  do rmant app l e  bud s ( Paiva and 
Robitaille  1978 ) .  When th e cytokinin BAP i s  appl i ed to 
dormant appl e t r e e  bud s th e re i s  an increase  in the number 
o f  bud s burst ing - although thi s growth is no t sus t ained 
( Will i ams and Bill ingsley  1 970 ) . I n  work o f  this  type 
one mus t  b e  cl e ar as to wh e th e r · the agent is  ac tually 
bre ak ing do rmancy or simply stimulat ing growth fo llowing 
the end o f  do rmancy .  In p e ar s , GA s t imul at ed bud growth 
of do rmant p e ars o nly if t h e  t r e e s  had previously r e c e ived 
enough c hill i ng to  part i al l y  break the re st  p e riod  ( Brown 
e t  al 1960 ) .  The same co nd i t i on appl i ed t o  the e f f e c t i ve­
n e s s  of cytokinin ap pl icat i on t o  stone  frui t ( W e inb e rger  
1969 ) ,  although it  can b e  e ff e c t ive on appl e s  ( W i l l i ams 
and S t ahl ey 1968 ) .  I t  c ould well b e  that cytokinins ' 
i nvo lvement in do rmancy s t art s only aft er o ther pri o r  
chang e s  are induced ( Lave e 1 973 ) .  

l . l The � e ve lopm ent of Dormancy . 

Day l ength and t empe rature are the mo st  import ant 
environmental fac t o r s  contro l l ing the induct ion and 
breaking o f  do rmancy in wo ody plant s ,  and in many s p ec i e s , 
short day s  bring about the f o rmat ion o f  rest ing bud s . 
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In the summer the rest ing t erminal bud o f  tre e s , 

for instanc e the peach , can be  induc ed by cul tural prac t i c e s  

t o  renew growth , but lat er in the season i t  become s 

inc reasingly d i ff i cult ( Walker  and Se eley 1 9 7 3 ) .  Similarly 
Tinklin and Schwabe (1 970 ) wo rking with blackcurrant in 

England found three  periods o f  differing behaviour o f  the 

lateral buds . Bud growth was inhibited ini t ially by an 
influenc e from the apex , and then during June and July 
the  l eave s  became inc reasingly inhibitory - when the bud s 

c an be described as in summer dormancy ,  and lat eral bud s 
are checked by c o rrelative inhibi t i on .  In the autumn , 

when true do rmanc y has d evelo ped , i t  is  the bud scal e s  

that provid e  the bud inhi b i t i on - po s s ibly because  o f  the 
inhibitors ac cumulat ed there aft er , perhaps , fo rmat ion in 
the leave s . Dorffling (1 976 ) cons i d ers true dormancy t o  

develop  progres sively from co rrelat ive inhi bit ion o f  the 

bud , and hi s da ta  does  no t sup port the idea of the in­
hibitor ABA moving from a produc ti on site  in the l eave s  
t o  a s i t e  o f  ac cumulation in the buds  as be ing the  cause  

o f  such bud inhibition .  Inhibitor  l evel s are fre quently 
found to ri s e  und er sho rt days in the autumn , and to  

decrease wi th wint er  chill ing and the  end o f  do rmancy 
( Phill ips  and . 1 are ing 1 9 5 9 , Tinklin and Schwabe 1 9 7 0 ) .  
So  the leaves  and the  bud scal e s  can be seen to  be  in­

volved in the impo si tion of do rmancy - although i t  may 
no t be only through an ac cumulation o f  inhibitors  in the 
bud . Abbot t  (1 97 0 ) has sugge s t ed dormancy may re sul t 
from the de plet ion o f  leaf- synthe si s ed growth promo t e r s  

( cytokinin ) causing the produc t ion o f  bud scal e s  rather 

than further l eave s .  

1. 2 Bud Break 

Other parts  o f  the plant may b e  involved in the 

develo pment o f  bud do rmancy ,  and in i t s  t erminat ion . In 

Douglas fir s e edlings , the ini t iation o f  spring sho o t  
growth and bud ac tivity i s  reiat ed to  the level o f  GA 
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export from the  ro o t s  ( Lavend e r  e t  al . 197 3 ) .  In the 
appl e , GA-l i k e  ac t i vi ty was d e t e c t ed in the s ap o nly just 
pri o r  t o  bud burst  ( Luckwi ll and Why t e 196 8),  and the 
cytokinins p r e s ent in the s ap at thi s t ime may al s o  have 
a r o l e  in the  eme rgenc e from winter r e s t . Sinc e  i t  i s  
p o s sible for bud s t o  burs t  at favourabl e  t empe ratur e s ,  in 
the abs enc e o f  ro o t s  Skene (1967 ) has cons id e red it un­
l i k ely that sub s t anc e s  carri ed upward s in the sap no rmally 
pro vide the s t imulus for bud burst . Further ,  Hewett  and 

- ·-

W�e ing ( 197 3 a ) found cytokinin ac t ivi ty in the bud s o f  
sho o t s  c o ll e c t ed a t  the  e nd o f  dormancy c an increas e 

- - - -

� e p end ently o f  a r_?_o t  sy s t em .  So , whi l e  the ro o t s  did  
no t appear t o  b e  an immediat e sourc e of  cyt okinins for 

-- - - - _ ........ _ --- -· 

bud growth , i t  was o f  int e r e s t  that i n  sho o t s  art i f i c i ally 
... -- -----

chilled  (in t h e  ab s enc e o f  ro�t � 1_bud _and �ap-cyt okinin 
-

- - - -

l e v e l s  did no t reach the l evel s pre s ent in no rmal fi eld-
- . . 

chilled mat �rial (Hewett  and � ar e ing 197 3a) . The bud s 
thems elve s c ould b e  a � i t e  o f  cytokinin synth e s� s ,  but 
s inc e in the fi eld vacuum- extrac t ed sap-cyt okinin l evel 
re ached a maximum t hr e e w e e k s  b e fore the  bud-cyt o kinin 
p e ak , Hewe tt  and Wareing ( 1973a) cons idered it more lik e ly 
the s e  sub s t anc e s  were ac cumulat ed from the s t em .  U s ing 
map l e s e e d  van St ad en e t  al . ( 1972) found low t empe rature 
st rat ificat i o n  te induc e germination c aus ed endogenous 
cyt okinin ac t ivi ty to increas e ,  whi ch al so means thi s 
o c curred in the  abs enc e o f  ro o t s , whi ch are usually c on­
s i d e red a maj o r po int o f  cytokinin synthe si s .  Work with 
the �ape ( Sk ene 1972) has sho wn chill ing o f  exc i s ed d o rmant 
c ane s  inc reas e s  the cytokinin l ev e l  o f  the i r  sap , ind i c at­
ing the s e  sub s t anc e s  are avai lable to an emerging bud 
before  a ro o t  sys t em i s  e s t abl i shed , o r  when ro o t  suppl i e s  
are low . 

Working with s e edl ings o f  Pi stac i a  chine s i s , L e e  
and Hackett ( 1976) found late ral ro o t  fo rmation requi red 
the pre s enc e of phy s i o l ogi c al ly non-do rmant bud s , probably 
through the e f fe c t s  o f  bud ac t ivi ty on c ambi al ac t ivi ty . 
Thi s  do e s  no t ind i c a t e  a direct  role  for ac t ive new ro o t s  
in the t ermination o f  dormanc y .  When mature Shi raz 
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grape vine s were obs erved , it  was found that rapid ro o t  

growth began t en weeks aft er bud burst , at which time 
sho ot growth  was half-compl e t ed ( Fre eman and Smart 1976 ) .  

Clearly a number o f  growth regulators  are asso c i a­

t ed with do rmancy ,  which i s  no doubt regulated by a 

fluctuat ing balanc e between them , and thus the metabo lic  

changes that lead to  the onse t  o f ,  or  rel ease  from dormancy . 

In contrast bud dormancy has also be en discussed l e s s  

convinc ingly a s  being the result  o f  a re strict ion o f  no r­

mal gas eous exchange by the c overing struc ture s ( s e e  
W areing 1969 ) .  

1 . 3 Growth Regulators and Do rmancy . 

Using part ially purifi ed extrac t s ,  bio as says  have 

frequently b e en us ed to assess  change s in bud-inhibi tor  

l evel s , and the  pat tern has b e en for inhibi t ors ·t o ' increase 
during autumn and wint er , and decrease after  the chilling 

requirement has been  met ( Phillips  and IVareing 19 58 , 

Tinklin and 8chwabe 1970 ) . Early work conc entrated on the 
,9- inhibitor  and "dormin" ,  and now with the ident i fi cat ion 

of ABA i t  is nec e s sary to e stablish the relationship  

b etwe en both  ABA and inhibi tor  ac tivity and dormancy .  The 

fac t that ABA applicat i on to many wo ody plant s so on trans­

forms the ac t ive sho ot ' s  growing tip  into a rest ing bud 
with typical scal e s  ( vvareing and Ryback 1970 ) sugg e s t s  

� involvement o f  ABA i n  bud do rmancy which i s  support ed 
by o ther si mil ar obs ervat ions ( s ee  Milborrow 1974 ) .  In 
sap extract ed from willow st ems , high inhibi tor  and ABA 

l evels are assoc iat ed with the onset  o f  do rmancy , and 

growth in the spring was prec ed ed by decreasing l evels 

( Alvim e t  al . 1976 ) .  Wi thout d enying a rol e  for o ther 

growth regulat o rs , wVright ( 197 5 ) has made a d etailed 

study of change s in free and bound ABA in beech and black­

currant buds , the resul t s  o f  which suggest an important 

rol e  o f  ABA in do rmancy induc t i on and maint enanc e .  I t  
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was found the high autumn l evel s o f  ABA declined during 

the wint er ( to l evel s  considered ade quate  to maintain 

dormancy ) ,  apparently by conversion to the bound . fo rm,  and 

the l evel o f  bound - ABA decl ined with bud burst  and sub­

s equent transpo rt o r  metabo l i sm .  Singha and Powell ( 1978 ) 

po s tulated that bud break i s  inh ibited by ABA only i f  i t  
i s  continuously avai l abl e at above a c ertain threshold 
c onc entration .  

In  apr i c o t  bud s both th e ons et and the end of  rest  

i s  c o rrelat ed w i th a d ecrease in inhibitors ( Ramsay and 

Mart in 1970 ) ,  and these  wo rkers  supported a hormone­
bal ance the o ry of do rmancy control . Like o thers , they 

found gibberellins se emed to  be  involved , and frequently 
there is a reciprocal vari ation in the level s  of inhibitors  

and gibberell ins associat ed with dormancy o f  bud s and 

tubers  ( Wareing 1969 ) .  

So i t  has been suggested that dormancy end s when 
-

endogenous gibberellins increase , and ove rc ome the effect  

of  the  inhibi tors present , and Browning ( l973a ) sugge st ed 

bud ABA may r egulat e gibberellin supply in the bud s . He 

ident ified the stimulus for do rmancy rel eas e of c o ffe e 
flower buds as gibberellin - produc ed or  rel eased in the 
bud s , rather than suppli ed by the xyl em sap . Sinc e the 

increase in bud-gibberell ins i s  mo st rapid aft er  the 

chill ing requi rement has been met , change s in GA-like 
act ivi ty may be a secondary , rather than a causal fac tor  
in the breaking o f  do rmancy ( Larson 1962  quo t ed in  Perry 

1971 ) . 

Some au thors have rec ently cast doubts  on a ro le  

for  ABA in dormancy .  W o rk with s everal spe c i e s  c ould not 
relat e  ABA l evel s to  change s in photoperiod and the usual 
changes  in " inhibi tor  (3" ( Lent on et al . 1972 ) ,  l e ading 

them to  sugge s t  it was the l evel o f  growth promoters  that 

changed and re sul t ed in do rmancy , and no t the l evel of ABA . 

Al so using gas-li quid chromatography , Mi elke and Denni s 

( 197 5 ) found free ABA l evels  in cherry bud s highe s t  in  the 
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autumn , and then d ec lining rapidly . Thi s patt ern i s  very 

s imilar to that in beech and black-currant buds ( Wright 

197 5 ) ,  exc ept  in the lat t er c as e s  the peak usually o ccur­
red at an earl i er s t age o f  development . In cherry , maxi­

mum ABA occurred when 90% of  the l eaves  had absc i s ed , and 

Mi elke and Denni s ( 197 5 )  c ons ider  ABA level i s  assoc iated  
with leaf abs c i ssion rather than bud dormancy . The c or­
relat ion in some years between peak ABA and deepest  

d ormancy would perhaps then b e  c o inc ident al , although 

ABA l evel s had re turned to very low levels shortly befo re 

d o rmancy was broken . As defo l iation prevent s the autumn 

increase in bud-ABA without affecting re st , and bud-ABA 
l evels decline s imilarly at warm ( 2 2°C ) or cold ( 4°C ) 
t emperature s ,  i t  i s  considered d oubtful that ABA plays  a 

regulat ing ro le  in wint er bud do rmancy of sour cherry 

( Mi elke and D enni s 1978 ) .  Similarly Emmerson et  al . ( 1978 ) 

sugge sted that i f  there  i s  an int erac tion between chilling 

and AEA , it i s  of sec ondary importanc e in s pring bud burst  
o f  grape . 

Referenc e has already been mad e to the work o f  

Hewe t t  and Wareing ( 1973a ) , and the model o f  Abbot t  ( 1970 ) ,  

impli cating cytokinins in the breaking of  dormancy . In 

Betula and Populus bud break i s  ac compani ed by an increase  
in bud cytokinin ( Domanski and Ko zlowski 1968 ) .  In stud i e s  

o f  s e ed do rmancy al so  the s e  substanc e s  are referred to , as 

in Khan ' s hypo the s i s  ( 1971 ) of their  playing only a 

permi ssive rol e  in dormancy , and Webb et  al . ( 1973 ) who 

sugge s t  endogenous cytokinins are one part o f  a phasic  

pro c e s s  o f  dormancy ternination .  They· al so  make the point 

that the stat e  o f  do rmancy may no t be determined by the 

l evel of hormone pre sent at one t ime , but by the ability 
for  c ertain s e quent ial change s to occur within the dormant 

t i s sue s ,  and I referred earl i er to the po s si bly meaning­

l e s s  det ermination o f  l evel s of  endogenous hormone ac t ivity . 

In di scus sing dormancy release  in po plar bud s ,  

Bachelard and 1Vightman ( 1974 ) suggest  thi s o ccurs  in 

s everal distinc t phas e s  beginning with an increase in the 
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GA/Inhibitor  rat i o , followed by increased t ransl o c at i on 

and cytokinin produc tion ,  and finally ext ension growth . 
Cytokinin act ivity was no t det ermined , but their scheme 

require s the pre senc e o f  ro o t s  to supply i t . Other s , 

however have not consid ered the roo t s  to  be  the sourc e 
o f  cytokinins invo lved in bud burst  ( Browning l973b ,  
Hewett  and W are ing l973a , Skene 1972 ) .  

In wi llow s t ems the sap-cytokinin ac t ivity increased 

abruptly as the flower bud s burst , with ano ther peak when 
l eaf buds  burst , with a low act ivity be ing pre sent at 

o ther t imes ( Alvim et  al . 1976 ) .  Similarly Hewett  and 

W areing ( l97 3 a ) found cytokinin activi ty in po plar bud s 
and sap ro s e  sharply at the t ime o f  bud burst , part i­

cularly in mat erial fi eld-chilled rather than art i fi c i ally 
chilled . Act ivi ty in the sap peaked two we eks b e fore bud 

burs t , and three we eks befo re a peal{ in bud-cytokinin 

ac tivi ty , and it was obs erved bud cytokinins ro s e  even 

when bud burst  was induc ed in the absence  o f  the ro ot  

syst em . Irri gat ion rel eases  co ffee flower bud s from 

dormancy , and thi s i s  ac companied by a rapid increase  in 
cytokinin ac t ivi ty in s t em- sap , followed a day or two 
lat e r  by an i ncrease in bud-cytokini n .  Browning ( 1973b ) 
int erpret s hi s data as meaning the cytokinin i s  rel e ased 
from wi thin the wood i t self  and no t transported from the 

ro o t s - similar to  the vi ews of Hewe tt  and Ware ing ( l97 3 a ) . 

Working wi th mapl e seedl ings Dumbro ff  and Brown 

( 1976 ) followed ro o t  ac t ivity and cytokinin ac t ivity 
during the chilling period . Nhen plant s were maintained 

out side , aft e r  chill ing there was rapid ro o t  growth 
followed clo s ely by a peak in cytokinin act ivity in the 

l at eral roo t s  and stem .  Hormone ac t ivity declined just  
b e fore bud burst , in the  usual manner .  Dumbro ff and 

Brown ( 1976 ) c onsidered that as cytokinins appe ared aft e r  
t h e  transit i on o f  the bud s from the do rmant to  the qui e s­

c ent state i . e . aft er the chill ing requi rement has been 

met , they c anno t provide the ac tual st imulus fo r do rmancy 

release  - al though they could well be important for the 
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sub s e quent bursting and growth o f  bud s , - somewhat s imil ar 

t o  the vi ew o f  Bache lard and Wightman ( 1974 ) .  

C-2  APICAL DOMI NANCE AND COR HELA'r i VE INHIBITION . 

The growth o f  a lat eral bud may be inhibited by a 

c o rrelative influenc e o f  the dominant sho o t  ape x ,  and thi s 

sub j ect  o f  api c al dominanc e i s  o f  wid e spread inc idenc e 

and c an with value b e  c onsidered at the same t ime as the 

phenomenon o f  bud "dormancy" . I t  has rec ently b e en 

r evi ewed by Phill i p s  ( 197 5 ) and d i scus s ed by many o ther 
authors ( see  Shein and Jackson 1971 , Tucker and Mansf i eld 

1 9 7.3 , Woolley and Y� areing 1972b ) .  

In contrast t o  t rue do rmancy , stud i e s  on gravimorph� 
i sm in frui t tre e s  showed the bud inhibi tion o f  no rmal 
apical dominanc e relat i onships  i s  read ily c apabl e o f  

b eing reversed  by changes in ori entation ( Wareing and Nasr 
1961 ) .  Work with a number o f  plant s , manipulating the 

sho o t s  in various ways , has indicat ed a number o f  hypo­
the s e s  that do  no t e xplain the c learly de fined pat t ern o f  

bud burst following bending ( Smi th and Yvare ing 1964a ) ,  and 

t h e  e ffects  no ted were c onsidered  more compatibl e with 

i nd irect theori e s  ( than theori e s  o f  di rec t  ac tion ) of  the 

role of  auxin in api c al dominanc e and c orrelative inhibition 

( Ware ing and Nasr 1961 ) .  The s e  authors found in their  plant 
s ystem ,  that proximi ty to the ro o t s  conferred some advant­
age for lat eral bud growth , whi ch was no t nutri tional 

( Smith and Wareing 1964a , 1964b ) . Pro c e s s e s  o ccurred in 

the roo t s to  provide  some fac tor which was apparently 
c apable of pas s ing through the xylem - and while  GA3 
c ould part ially substitute for the ro o t s , thi s substanc e  
c ould b e  only part o f  the ro o t- factor  compl ex responsible 
for bud burst and growth ( Smi th and W areing 1964b ) .  But 

in o ther stud i e s  bud growth followed decapitation in the 

absenc e o f  roo t s , even when the ro o t s  were removed three 

d ay s  earlier - and the ini tial bud growth rat e was inde-
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pendent o f  the pre senc e o f  ro o t s  ( Nagao and Rubins t ein  

197 5 ,  Pet erson and Fl etch e r  197 5 ) .  However , Wooll ey and 

War eing ( 197 2 a ) ind ic at e  a ro o t  factor  may be  stored  in 
st em  t i s sue and subs e quently be  e ffec t ive in promo t ing 
bud growth . I t  has been indicated  that apic al dominanc e 

c an  be modi fi ed e i ther  by int erfering wi th ho rmone pro­
duc t i on in the sho o t  t i p ,  or  by mod i fying the background 

ho rmone balanc e within the pL:mt ( She in and Jackson 1971 ) ,  

I t  was shown with gravimo rphi sm in willow , that bud burst 

was al so d e t e rmined by some mechani sm ac ting betwe en the 
bud and the immediat ely ad j ::lC ent stem t i ssue ( Smi th and 

Wareing 196 4a ) .  I t  i s  s t ill  nec e s sary to determine the 

me chani sm c ontrol ling the d i s tribution o f  the ro o t  fac t o r  

along the sho o t , between the vari ous meri s t ems , and 
d e t e rmining the ir  behavi our . 

Working with d ecapi tat ed s t em cutt ings o f  soybean 
plants  Peterson and Fl etcher  ( 197 5 )  found bud growth 

increased as the l ength o f  the s t em p iece  was increas ed , 
and treatment wi th BAP could no t repluc e the e ffe·c t o f  
the  s t em , al though e i ther c arbohydrat e or  BAP together 

with  s t em t i s sue i ncreas ed bud growth . However , the 

s t em seemed to supply a fac tor  for bud g-owth , rathe r  than 

one �o rel eas e the bud s from their  inhibi t i on ,  and Pet erson 
and Fl e tcher ( 197 5 ) are inc l ined to believe bud growth was 
inhibi t ed by factors  o ther  than just c arbohydrate supply . 

They  al so ind i cat e  a po s s ibl e auxin involvement , as 
placing the l ong stem s egment api cal to th e bud c ompl et ely 

inhibit ed bud growth . 

In c onsidering api c al dominanc e and how i t  inhibi t s  

bud d evelo pmen t ,  i t  i s  e s s ent i al t o  b e  clear what one i s  

c onsidering . Primarily one i s  int ere s t ed in the ini t ial 

release  from inhi b i t i on ,  and ho'lv thi s i s  c ontroll ed , 

rather than in the subs e�uent growth o f  the bud . Some 

stud i e s  of api c al dominanc e have stud i ed the c ontrol  over 

lat e ral shoo t  growth ,  and no t of  bud burst ( e . g .  Phillips  

197lb , Shein and Jackson 1971 ) .  
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The growing apical bud o f  a plant or sho o t  inhibi t s  

t h e  development o f  lateral sho o t  bud s ,  and d ecapi tation 

o f  such a sy stem result s  in bud growth - o therwi s e  the 
bud s are inhibi ted by some other means . O ther fac tors  are 

al so  known t o  mod i fy apical do minanc e .  Gravity pl ays a 
part as ori entat ion o f  the lat eral organ affec t s  bud growth , 
and instanc e s  have been recorded  o f  nutri ent supply reg­

ulating lat eral bud development . Removing some young 
l e ave s ( but no t mature one s ) o vercome s the inhibi t ion o f  

axi llary bud s ( Shein and Jackson 1971 ) - the number 

d eveloping depend ing on the number o f  young l eave s  remain­

i ng ( Crabbe 1 9 7 2 ) .  Betwe en summer growth flushes  the 

l at eral bud s of c i trus are correlat ively inhibi t ed by the 

l eave s , and in Ponc irus trifoliata  thi s  effect i s  al s o  

produc ed by NAA ( St athako poulo s  and Eri ckson 1966 quo t ed 
i n  Cooper et  al . 1 9 6 9 ) ,  and d e foliation resul t s  in bud 
break .  Similarly in the apple , NAA appli ed inst ead o f  

l eave s prevent s bud burst whi l e  no rmal bud d evelo pment 

c ontinues ( Ful ford 1970 ) .  Sprays o f  KGA and BAP are 
effective in the absenc e of the l eave s ( C o o per et al . 

1969 ) .  Today i t  appears emphas i s  must be plac ed on the 
growth regulators  in a study of the c ontrol of lat eral 

bud development . 

2 . 1  Growth Regulators . 

( a )  Auxin -

In d e c apitat ed plant s ,  the inhibitory effe c t s  c an 

b e  accompl i shed by applying auxin , which i s  also synth e­
s i s ed in growing apical buds . Thi s , and the stud i e s  o f  

the  effec t s  o f  inhibi tors o f  auxin transport ( Phillips  

1 97 5 )  have indicat ed a primary rol e  for  auxin in correla­

t ive inhi bi t i on . 

The primary correlative signal for the inhibit i on 
o f  lat eral bud s appears to  be auxin derived from young 

growing l eave s ,  and anything else  follows from that . 
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Working wi th etiolat ed s t ems o f  pea ,  W ickson and 

Thimann ( 19 58 ) found physiologi cal c onc entrati ons of  

auxin c ompl etely inhibi t ed bud growth , but the  inhibi t ing 
ac t ion of  auxin could be compl e tely antagoni sed by kinetin .  

The releas e o f  bud s from inhibi tion app eared to re sult from 
a fundamental and sudd en change , and i t  was sugges t ed thi s 

r e sul t ed from an int erac t i on between auxin and a kinet in­

l i ke subs tanc e wi thin the stem .  Thomas ( 1972 ) rec orded  

an increas ed auxin c ont ent o f  the upper lat eral buds when 
the apex was removed , thus creating a new ' sink ' t owards 

which subtrat e s  would move . This c ould inc lude a hormone­

d irec t ed transport o f  o ther growth regulators , and Morris  

and Winfi eld ( 1972 ) found 1 4C-labell ed kinetin moved t o  

t h e  axillary buds  o f  d ec api tat ed plant s ,  but no t i f  the 
cut s t em was pre treated with IAA .  So they sugge s t  decapi­

t at ion resulted in the divers i on of cytokinins from 

within the plant , to  the axill ary bud s , and so c aused their  
outgrowth . Similarly the de tailed work o f  Wooll ey and 

W areing ( l972a ,  l972c ) has ind i cated a rol e  o f  auxin i n  
c ontrolling the d i stribution and metaboli sm o f  �yt okinins -

but auxin ac t ivity must st ill be  considered the primary 

c o rrelative signal . 

( b ) Gibberellins,  Absc i sic  Ac id  -

While  gibberell in promo t e s  lateral sho o t  growth 
aft er bud i nhibit i on i s  overc ome ( Nick son and Thimann 1 9 58 ) , 
i t  i s  not clear what , if  any , rol e  gibberellins play i n  

the release o f  the bud inhibi t ion , or  whether they part­

i c �pat e in the maint enanc e o f  correlat ive bud inhibi t ion  

( Phill ips  l97lb ) . Working with pea  buds Wickson and 
Thimann ( 1 9 58 ) found growth inhibition by IAA was in no 
way o verc ome by GA3 , although KGA has some effec t in 

overc oming apical dominanc e in citrus  ( Cooper e t  al . 1969 ) . 

The princ i pal sit e o f  ABA synthesis  s e ems to  b e  in  

the  mature leave s ,  and so  it  i s  unlikely t o  act a s  a 

c orrelative signal from the apical bud . But where there i s  

c orrelative inhibi t i on o f  an axillary bud by i t s  subt end­

i ng mature leaf , ABA may be involved , and Do rffli ng ( 1 96 4 ,  
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quo t ed in Vihi t e  and Mansfi eld 1 977 ) c o rrelated l evel s o f  

e xtrac t abl e " inhibi tor fB "  with the inhibit ion o f  lat eral 

bud growth in Ac e r . However data for Phas eolus Vulgari s 

sugge s t  i t  i s  unlikely that ABA ac t s  as a correlat ive 

inhibitor  in thi s plant ( Whi t e  and Mansfi eld 1977 ) .  In 
Xanthium ABA l evel s are much higher in lat eral bud s that 
are no t growing , and r.rucke r  and f,'Jansfi eld ( 1973 ) c onclude 

i t  i s  synthe s i s ed in them in response to  apically pro­

duc ed auxin t ravell ing basipe tally , and then inhibi t s  bud 

growth . Tucker ( 1977 ) considered auxin exert ed i t s  effect  

t hrough its  ro le  in hormone-directed  transport , and on 

the promo t ion o f  ABA in the  r egi on of  the lateral bud . 

Working with tomato he found ABA was important in the 

c ontro l o f  bud outgrowth , and considered i t s  formation 
i n  the s t em ( o r els ewhere ) was induc ed by auxin . 

( c )  Cytokinins -

Application o f  these  substanc e s  to dormant bud s 

o f  appl e will induc e bud burst  ( Will i ams and Bill ingsley 

1970 ) ,  and they will similarly promo t e  lat eral bud growth 
o f  ac tively growing apple sho o t s  (Kender and Carpent er  

1972 ) .  O ther report s  al so have shown the abi l i ty of  

exogenous cytokinins to reli eve axillary bud s  from c orrela­
t ive inhib i t i on ( Ali and Fl e t cher 1 97 0 , Sachs and Thimann 
1 967 ) - al though sub sequent growth may require the pre s ence 

o f  o ther growth regulators . 

The evid enc e is  that d e c apitat ion resul t s  in the 
i ni t iat ion of new pro c e s s e s  wi thin the inhibi t ed bud s ,  

and that similar changes foll ow the d irect appli c ation  
of  cytokinins to  bud s .  Thi s type  o f  growth regulator  

apparently plays a fundamental rol e  in  apical dominanc e ,  

and one c ould assume inhi bition o f  buds by c orrelative 

i nhibit ion resul t s  from a cyo tkinin d efici ency . However , 

thi s would no t make cytokinin the primary c o rrelative 

signal for bud growth , for that signal mus t  be  the fac t o r  
which d e t e rmine s  the c�� o kinin supply to  the bud s . 
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Bud growth could b e  depend ent on  the bud ' s 

ability t o  synthe s i s e  cyt okinins and Sachs and Thimann 

( 1967 ) sugge st  thi s  i s  only ini t i at ed when auxin · from the 
apex d e c l ine s . There i s ,  however , evidenc e o f  roo t­

c ytokinins be ing involved in apical dominanc e and that 
cytokinins are no t synthesi s ed in lat e ral bud s on release  
from apic al dominanc e ( ·�v o o l l ey and Nareing l97 2a ) .  

I t  may be  that bud growth i s  depend ent on cytokinin 

utili sat i on wi thin the bud rather than its  mere pre s enc e .  

I t  has been argued factors  o ther than cytokinin are 

l imit ing bud growth , and the se  inhibit ory fac t or s  wi thin 

the bud must first  be mi tigat ed ( Nagao and Rubinst e in 

1 9 7 5 ) ,  al though they found no increased bud sens i t ivity 

to BAP on decapitat i on .  

The third manner i n  which an effect ive cytokinin 

d e fi c i ency c ould o c cur would be  where there i s  a change 

in the d i stribut i on of ro o t- synthesised  cytokinins . 

Morri s and W infi eld ( 1972 ) sugr;e st  the abs enc e o f  the apex 
resul t s  in cytol�inins be ing trans po rt ed to the newly­

d evelo ped c entres  o f  growth ; similarly Phillips  ( 1968 ) and 
W o o ll ey and �'i are ing ( 1972c ) c onsidered the apex may 

attrac t cytokinins , and so  divert them from the l ateral 

buds . They found evidenc e that cytokinins do ac cumulat e 

in bud s b efore sho o t  growth o c curs , and the auxin i s  

i nvolved i n  cytokinin d i s tribut i on ( Wo olley and Wareing 

l 9 7 2c ) .  

In further work i t  was found tha t in addi t ion to  

influenc ing cytokinin transpo rt , !AA greatly affec t s  

cytokinin metabol i sm ( W o olley and Wareing l972a ) . Thus 

IAA inhibited the accumulat ion o f  cytokinin in l ateral 

buds that prec ed e s  thei r  growth , and that rather than 

c ausing i t s  ac cumulati on at the  ( apical ) s i t e  of  auxin 

produc tion ,  promo t e d  the fo rmat ion o f  a cytokinin me t a­

boli t e  in the s t em t i s sue s ( wJ o olley and Wareing 1972a ) .  
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l!:XP EHI MEN'r AL 

S e c t i on 1 

Sho o t  Growth 

U sing intac t plant s the first stud i e s  rec ord ed 
the  pat t e rn of  sho o t  elongation , and the d egree  to whi ch 

the  pre s enc e o f  leaves controlled s t em growth .  Further ,  

the c ontribution  o f  gibberellins t o  s t em elongation was 

as s e s sed  by applicat ions of gibberellic  ac id . 

Because o f  the growth behaviour of the k iwifruit 

vine , particularly o f  some vari e t i e s  and in some di stric t s ,  

a full  d e script i on o f  the fac tors  c ontrolling s t em growth 
i s  desirable  - bo th environment al fac tors and plant 

charac t erist ic s .  One po s s ibl e means o f  growth c ontro l  
i s  by chemical regulators , but their use d emand s · a full 

understanding o f  their effec t s  on the frui t ing plant . 

A .  Shoot  Growth o f  the Kiwi frui t Vine 

Initially , some observations  were mad e o f  sho o t  

elongation i n  the intac t vine , a s  one aspect  o f  growth 

contro l in thi s plant . 

Experiment 1 :  1973/4 - In the spring a number o f  Abbott  

plant s produc ed from ro o t ed cut t ings the previous summer 
were selec t ed , and pruned to one sho o t  8cm long . The 

plant s were grown in plas t i c  bags o f  sand in the glass­

hous e , and wat ered frequently with a c omplete  nutri ent 

solution . When the new singl e sho o t  was about 30-40cm 

high ,  it was trained verti c ally , and treatment s began on 
1/ 10/7 3  init ially with 8 plant s in each treatment . At 
this  t ime each plant had about 10 vi sibl e  int ernodes  above 

the first  normal l eaf . 
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Treatment 1 :  Control plant s .  

2 :  D ecapi tated  - at a po int immediat ely below 

the apical bud , and al so  removing tho s e  

leaves no t yet  unfolded from it . 
3 :  Light d efol i ation ( -21 ) - the two upper­

mo s t  unfolded  l eaf blad e s  ( the int ernod e  

between them be ing about 3mm l ong ) removed . 

4 :  Moderat e defoliat i on ( -41 ) - as for ( 3 )  but 

the next two younge st l eave s al so removed 

wi thin a coupl e of days . 
5 :  Severe defoliation - removed all unfolded 

l eave s exc ept the lowe s t  one . Subsequently 

all l eave s were removed as early as po s sibl e 

as they were unfolding from the apical bud . 

On all plants  the l e af corre s ponding to that re­
maining in treatment 5 was marked , and used as the bas e  

po int f o r  all measurement s of  sho o t  l ength . 

At the start of  tre atment the l ength o f  each o f  the 

upper six  int ernod e s  of each plant were measured , and 

again at int erval s until 23/11/7 3 . The length o f  sub­
sequent int ernod e s  was al s o  measured , and the labelling 

sys t em us ed was a s  follows : -

13 11 
15 

12 

16 
� new growth 



4 3 . 

Resul t s  

( a ) Shoo t  ext ension -

Over the 7 weeks following the start o f  treatment , 

mean sho o t  l ength in the c ontrol plant s increased l inearly 

and was almo st  identical with that of the -21 and -4 1 
tree tment s ( Fig . l ) . Where the plant s were c ontinuously 

defoliat ed , mean shoot  growth rat e was lower , and shoo t  
ext en s i on over the period o f  obs ervation ,  was much l e s s  
than i n  the o ther treatment s ( Table 1 ) . 

Howeve r ,  it  will b e  not ed ( Fig. ll ) using plant s 

maintained in a flowing nutri ent solut ion culture , over 

a short er period in 197 2 , that defoliation did  not alt er 

the rat e o f  sho o t  elongati on - in the pre s enc e or  abs enc e 
of  GA3 • In 197 2 there was much more variat i on between 

plant s ,  whereas in 197 3 , individual plant s corre sponded 

clo s ely with the mean value s shown in Fig . l .  Thi s ,  along 
with the add i t ional 14 days  observation this  year , makes  

the 1 9 7 3  treatment differenc e s  mo re realistic  than the 
earl i er observations . 

In the month following treatment , the l evel o f  

ext ension growth of  decap itated plant s followed that o f  the 
defo l i at ed plant s .  

I t  i s  clear from t able l that c ontinuous defo l iation� 

re sul t ed in a marked inc reas e in the number o f  int ernodes  

produc ed , so  that finally the s e  plant s had an average of  

1.97 int erno d e s/lOcm stem l ength , compared with 1 . 08 in 
the c ontrol plant s .  Extr eme defoliation al s o  re sul t ed 
in a substant ial increas e in the size  of the one remain­

ing leaf ,  and this was nearly equall ed by the increas e 

in s i z e  o f  the basal leaf o f  the decapitat ed plants -

although analys i s  of variance showed there was no sig­

nificant ( p 0 . 0 5 )  d ifferenc e b etwe en treatment s in the 

diame t er o f  thi s l eaf on 2 3/11/7 3 . Howeve r ,  all treat­

ment s resulted  in a tendency t owards increased  s i z e  o f  the 

basal l eaf , over that made by the c ontrol plant s .  A 

similar effect on int ernode number and leaf s ize  was record-



TatiLe. 1 :  :Mean Re sponse to Pruning Treatment s . 

Initial Initial 
sho ot number 
length int er-
( ems ) % increase node s  

Treatment 2/10/73 to 2 3/11/7 3 2/10/73 

1 .  Control 3 2 . 1  709 8 . 87 

2 .  D ecapitat e  30 . 4  - -

3 .  - 2L 37 . 0  6 3 2  -

4 .  -4L 3 5 . 7  686 -

5 .  Defoliate 3 3 . 8  4 29 8 . 71 

Final Initial 
number basal 
int er- l eaf 
node s % diam . 
23/11/7 3 inc r .  ( ems ) 

28 . 0++ 218 8 . 3  

- - 8 . 2  

- - 9 . 1 

- - 9 - 34  

3 5 . 6++ 309 8 . 87 

+ +  Analysis  o f  varianc e :  signific antly different at 1% l evel. L . S . D .  3 . 7  

% 
Increase 
23/11/7 3 

5 . 06 

9 . 76 

8 . 46 

8 . 14 
11 . 6  

' 

I 

� 
� 
• 



200 
....... 

tf.l 
s 
() -
� � .j-) 

-
b.O lOO � Q) 

...-l 
.j-) 
0 
0 .c: :n 

2 Oc t 

FIG . I .  .C::F'F.t:C·:r OF D i!:FOLI A'l' IOl'f ON S HOO'l' Gi:tOJ/ 'l'H . 

1 20 

----

Defoliat e 
_. --

2 3  �{ov 

Int e rno d e  
w I J O  :j 

2 Oc t 

------------------------· i 4  

---------· i 3 

�--::::=----------·i r 

I 7  O c t  2 3  Nov 

{ a )  �ffect  of d e f o l i a t i on on int e rnod e  growth . 

lOO D e c a:p i t a t e  

tf.l 
� 

· -/ - - - -. -21. 
.I:! ' .j-) ...-l qo 0 � � (!) .j-) ...-l s:: 0 a> () � 0 ''oR s:: � 
Q) 50 .j-) 
s:: H 

-------.lJ e fo l i at e 

-· 
- -41 --

...... . -
i 2 i I i a i b i c 

{ b )  Eff e c t  o f  d e f o l i a t i o n  on i nt e rno d e  l ength aft er l6 day s . 
FIG . 2 !  .EFlt'i!;CT OF DBFO LIAT ION Oi� I N'l'.t:HNO D E  GRO A'.:Cri . 



4 6 . 

ed  in 197 2 . 

An effect  o f  defoliation on leaf si z e  was · al s o  

no ted  with four o ther plant s ,  two of  which had 1 2  l e aves  

removed in ord e r ,  as  they appeared below the  apical bud . 
The next four l eave s were untouched , and at maturity 

were larger than the equival ent l eave s  of  c ontrol plant s .  

The diameter o f  the first two leaves were 166% o f  controls ,  

and the next two 1 27% o f  c ontro l s . 

Defoliation st imulat ed the growth o f  many axillary 
bud s , but the s e  were removed immediat ely aft er bud burst .  

( b ) Internode  elongation -

The effect  o f  treatment on the growth o f  indi vid­
ual int ernode s is shown in Fig 2 and 3 ,  expre ssed  relative 
to the equival ent int ernode  of untreat ed plant s .  

Removal of young l eave s reduc ed the growth rat e , 
and the final l ength o f  the int ernode above that leaf . 

The e ffec t o f  removing even two small l eave s  was c l early 

no t i c eable two weeks lat er - and aft er 7 weeks was not i c e­

abl e  only in the int ernode above the leaf that was smaller 

at the t ime of its removal . Als o  where four leave s were 

removed , the reduc t i on in int ernode  length was mo st  marked 

where ita  subt ending l eaf was removed at an earli er stage . 
Apparently removing a leaf when i t  i s  loo s ely envel oping 
the growing t i p  has a great er effect  on subsequent int er­
node  length than do ing so a few days later . 

The removal o f  a small number of  l eave s had a very 

locali sed effec t ,  there being minimal effect on other  more 
d i at ant internode s ,  al though there was a t endency for the 

first int ernod e  below the removed leaf blad e s  to  be o f  

increased length . 

Each plant h ad  about 10  expanded l eave s at the start 
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o f  treatment , and about 1 2  mo re expand ed l e aves  at the end 

o f  the experiment . However ,  when all o f  the s e  l eave s  

were c ont inuously removed , t o  l eave only one basal l eaf , 

the int ernode s affe c t ed were more widespread . Fig . 3 
shows that such defoliation resul ts  in a s eri e s  where 

each suc c e eding int ernode bec ome s a le sser  and l e s s e r  

proporti on o f  the c omparabl e c ontrol internode  l ength . 

Not  o nly were the int ernode s that were wi thin the apical 

bud at the start o f  defoliation affec t e d ,  but al so s everal 
l ower int ernodes  d e foliated while  still  ac t ively elongat­
ing . 

When the sho o t  tip  was removed , it re sul t ed in an 

increase in the final l ength o f  one int ernode . I t  had no 

effect  on the int ernode immediat ely below the t i p ,  but 

on the next lowe st . Later , three  further plant s were 
decapitated and compared with matched c ontrol plant s .  

After a period o f  39  days  there was a marked variat ion 

between the de capi t ated plant s but usually the l ength o f  

each o f  the three  upper int ernode s was incre ased�  and none 

was reduc ed . Expre s s ed as a perc ent age of the c ontro l s , 

means o f  int ernode l ength for int ernode s one t o  three  

were 2 3 5 , 1 3 2 , 1 56% following decapi tat ion . 

On an earl i e r  occas i on ,  close-int erval measurement s 

were made o f  int ernode ext ension .  On 17/10/72 a singl e 

strong-growing plant with two similar shoo t s  was selec t ed . 

I t  was grown in the glas shous e ,  and at the start the 
lowest l e af was almo st fully expanded . Five int ernode s 

numbered basipetally from number 1 immediat e ly below the 

apical bud , were each  marked in three part s of equal 
l ength . At 3-4 day int erval s the l ength o f  each o f  these  
part s was measured . 

Re sul t s . 

Each sho o t  behaved s imilarly , and the pat t ern o f  

growth o f  each int ernode i s  shown in Fig .  4 .  Typi cal 

resul t s  for  the various par t s  o f  each int ernode  are pre s ent-
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ed in Fig . 5 .  

I t  will be  s e en that over the t wo we eks observa­

tion s , as one move s bas i petally the  growth pat t ern o f  each 
int ernode is mo re advanc ed . As s o on as a given int ernode 
became the 7th one below the api c al bud , i t s  growth rat e 

b egan to fall , and when i t  oc cupi ed the 8th po s i t i on i t  

had c eased elongat ion .  

On l/ll/7 2 int ernodes  l and 2 still  had an increas­

ing growth rat e . In i1 this  high growth rat e was o c curr­

ing in the upper  two-thirds o f  the int ernode , that in  the 
l ower one-third having been declining for about 4 day s . 
In i 2 only the upp er one-third had an increasing growth 

rat e  ( Fig . 5 ) . 

In int e rnodes  3 t o  5 their  high growth rat e c on­

tinued for a t ime and then l evelled off , and as in i1 and 

i 2 more growth o c curred the more di stal the area within the 

int ernode . 

Eocperiment 2 :  1972 - Aft er strati ficat ion , se ed o f  an 

unknown vari ety o f  kiwifruit was germinat ed on paper 

moi st ened with d i s t i ll ed wat e r .  At various  stage s  aft er  
radicle  emergenc e ,  5 - 6 seeds  were placed  in  standard 

solut ion o f  gibbere llic  ac id , and incubat ed under  fluore s­

c ent l ight for 8-13 days . 

When s t em l ength was measured , there was c l e arly 

an effect of increased el ongat i on with increased GA3 
c onc entrat ion ( Fig . 6 ) .  Thi s  work was no t c ontinued . 

Experiment 3 :  197 3/74 - Healthy , ac tively growing young 

Abbott plant s in c ont ainers in a glas shous e  were s el e c t e d , 
and sprayed t o  runoff with an aqueous growth regulator 
s pray and wett ing agent . 
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Re sult s :  
( a ) Sprays o f  e i ther mal e ic hyd razide ( l 500ppm ) , or  

maleic  hydrazide  ( l 500ppm ) + GA3 ( 200ppm ) we.re appli ed 
to  three  plant s .  

Bo th spray tre atment s re sul t ed in sho o t  e longat i on 

c easing two weeks aft er the spray appl icat i on ( Fig . ? ) .  

The sprays c aused a yell ow d i scolourat ion o f  the young 

leave s one week after spraying , and lat er an inroll­

ing devel oped in the t i p  l e ave s .  When ext ension 

growth s t o pped , buct burst  o c curred in the  l ower 

axillary buds . After ano ther month the original 

sho o t  t i p  had d i ed back , and mo st  of  the axi llary 

buds had produc ed a sho o t  up to l 50cms in l engt h , 

which appeared perfec t ly no rmal . 

( b ) In a compari son with unsprayed control plant s ,  a 
spray o f  200ppm GA3 to three  plant s had no effe c t  on 

sho o t  growth rat e  over 3 we eks . 

( c )  A similar re sul t was obt ained with a further group 

of plant s spray ed in early Dec ember with e ither 50 

or  500ppm GA3 • Such a singl e spray did not aff ect  
the growth rat e o f  the se plant s over a 1 7  day p eriod  

( Fig . 8 ) . 

Experiment 4 :  197 3/4 - Four plant s growing in the glass­

hous e  in cont ainers  were wat ered on one occasion with CCC 
at 2 000ppm . Enough solution was added to cause  some l o s s  

i n  drainage . 

Re sult s :  

Over  a 6 week period there was no change i n  growth 

rat e of the treated plant s ( Fig . 9 ) .  Half o f  a s imil ar 

group o f  plants  was wat ered wi th CCC at lla . m . , and 
decapitat ed 2 hour s  lat er , and the bl e eding sap c o ll ec t ed 

for  two days . In bo th the first and second day aft e r  
decapitation ,  the c ontrol plants produced twi c e  as much 

s ap as tho se  t reated wi th CCC . 



........ 
Cll El C) 

........ 
Cll s C) 

20 

50 

GA 5 00 ppm 

CONTROL 

EFF�'C 'r. OF 

Days 14 

GA ON KIW IFRUIT 

2 4  

PLAJ:.f,r ijEIGHT • 

7 

20 

EFFEC T OF CCC 
Days 

40 

__ :...::._.:::_:_���O�N� KKI diFRUI ., . 
. - .�LAl�T HEIGHT • 



54 .  

Experiment 5 :  1969/70 - A growth retardant s pray was 

appli ed to  vine s on a commerc i al o rchard in Te Puk e , and 

obs ervations o f  vine growth made by the grower . 

One spray o f  SADH at 2000ppm was appl ied t o  runo ff  
to  one  Hayward and one mal e vine ( 4  years old ) on 14/ 1 2/69 , 
at which  t ime sho o t s  were l e s s  than 1 20cms long , and fruits  

were about 2 5% d evelo ped . Two s imilar vine s were al so  

sprayed wi th mal eic  hydraz ide ( ll'lli- 30 ) at  the  same t ime and 
c onc entrat ion . 

Observat i ons were then made o f  sho o t  growth and fruit 

qual i ty of sprayed and untreated vine s .  

Re sul t s  

( a )  Sho ot  growth -

In both mal e and femal e vine s sprayed with e i ther  

MH-30 o r  SADH , a sho rt ening o f  sho o t  int ernod e s  was no t i c e-. 
abl e  10-14 days  aft er  spraying , and sho ot growth c eased for 
the s eason aft er 3-4 week s . I n  the following wint er , 

can e s  on unsprayed vine s were up to  3m l ong , and ranged 

from 6 0-l20cms on treated vine s .  Bud develo pment appeared 

unaffe c t ed .  

Vine s were al s o  sprayed in November o r  mid-Dec ember 

1970 . Limi ted o b s ervat i ons ind ic at ed a spray o f  1700ppm 

at the s e  times reduc ed final sho o t  l ength over the vine . 

( b )  Fruit  qual i ty -

Fruit whi ch was pic ked from t reated vine s in May 
and June 1970 , had a go od average weight  o f  10 5gm , but 

only the smaller- s i z ed c ontrol fruit s  ( mean 60gm )  were 

available for compari son . Limi ted measurement s of  jui c e  

quali ty showed no di fferenc e s  betwe en treatment s i n  t o t al 
solubl e  solids , t i tratable ac id  o r  Vitamin C c ont ent aft er 

ripening at I8 . 3 °C 

Maleic  hydraz ide  may affect  frui t s i z e . When one-
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half of a Monty vine sprayed at full bloom with lOOOppm , 

the treat ed h alf  o f  the vine produc ed 41% o f  the frui t s ,  

but mean frui t weight was only 5 2io of  the c ontrols  ( I .  

Ford pers . comm . ) .  

Measurement s o f  frui t respirat i on rat e were also  
made with a URAS infra-red gas analys er . Using two 

replicat e s  o f  each t reatment , o f  6-8 fruit s  each , fruit 

re spirat ion rat e was det ermined for fruit held at 0°c � , 
al so aft er dipping in l OOOppm Ethrel+ , and al so during 

ripening at I 8 . 3°C 

On all occasions the pat t ern of  fruit respi rati on 

was the same in all treatment s ( Fig .  10 ) ,  and the l evel 

o f  r e spirat ion was s imilar . U sually the unsprayed frui t s  

re spired at the lowest  rate , although mean fruit weight 

was 6 l . lgm compared with 102 � 5gm for the frui t s  from 
s prayed vine s .  

( c )  Fruit re s idue s  

Hayward frui t s  sprayed wi tr1 2000ppm SADH on 14/12/6 9 , 

and untreat ed frui t s  were harv e s t ed on 16/5/70 , and pulped 
and frozen .  Wi thin two months SADH re s idue s were det er­

mined by conversion t o  dime thyl hydraz ide , and then 
reac t ed with tri sodium penta cyanoamine ferro at e befo re 
absorbanc e was measured . ++ ( Appendix I ) .  

The method gave a mean o f  1 2 . 1� rec overy wi th thi s 

t i ssue , and when appli ed to e ight sampl e analyses , 

repre sent s a mean o f  16 . 9 5ppm ( range 1 5 . 6  - 21 . 8 )  SADH 
in fruit s  at harve st . 

+48% Ethephon 

+ +Residue determinat i ons by R . P .  Eade , Ivory Spray Chemi c al s  

Ltd . , Nel son 
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B ;  Explant Sho o t  Growth 

I s  i s  now recogni z ed that growth substanc e s  may be 

synthe s i s ed in the ro o t s  ( Philli ps and Jones  1964 ) ,  and 

t o  some ext ent fol i ar appl icat i ons o f  gibb erellins and 

cytokinins ( Railton and Reid 197 3 , Reid  and Cro z i e r  1971 ) 

c an substitut e for the ro ot s .  Richards and Rowe ( 1977 ) 

found a direct relat i onship between the size  o f  the ro o t  
syst em and the size  o f  the t o p  i t  support s ,  and p o s tulat ed 

that the l imi t on t o p  growth set  by the ro o t s  involve s 

an int ernal regulat ion by the ro o t , e spec ially the 

product i on and supply o f  growth substanc e s . 

The effect  o f  gibberell ins on shoot  growth was 

studi ed , and their po s s ibl e substituti on for the roo t s  

in c ontrolling elongation .  In  addit ion the  contribution 

o f  cytokinins and auxin to stem growth was c onsidered , and 
the importanc e o f  carbohydrat e reserve s  and mobil i sat i on 

in supporting growth . 

In order to  s tudy the control o f  shoo t  elongation , 

observations w ere made over several seasons of  the e ffect s  
o f  applying various growth regulators . Thi s was 
usually done by harve st ing 1-node  stem cuttings ( explant s )  
in the spring at an early growth stage , and immersing mo st  
o f  the  one-year old  wo od in  an aqueous solution , in a 

glasshouse ,  and then observing change s in sho o t  elongati on .  

Experiment 1 :  197 2/73 - In January 1972 , Abbott cutt ings 
were induced t o  roo t  under mi s t  and then to make l imit ed 

sho o t  growth b e fore the wint er . On 5 Sept ember they were 

transferred into a glas shouse and grown in shallow t roughs 

in a flowing nutri ent solution ( Hoagland ) for 17 day s  before 

treatment s were start ed . Each treatment consisted o f  

eleven single- s t em plant s , t o  det ermine the effect o n  shoot 

elongati on of removing the l eave s  or the roots , or their 

substitution with gibberell in or  kinetin .  Chemicals in 

nutri ent solut i on were added from 12 days  aft er the pruning 



treatment s ,  and were changed daily . 

Treatment 1 -

2 -

3 -

4 -

5 -
6 -

7 -

Int ac t plant 
D e-root  + GA 

D e-root  + 0 . 4ppm kinetin 

D e-ro o t  + GA + 0 . 4 ppm kinetin 

D e-ro ot  

D efoliat e  + GA 

D efol iation 

5 8 . 

( GA solut ion contained o . 4 p pm GA3 + 0 . 2ppm GA4+7 • 

D efoliation c onsi s t ed of removing all l e aves  exc ept 
the lowe st true l eaf , and also  removing any developing 

axillary buds ) . 

Result s :  

The graphs o f  Fig . ll show the typical growth 
response s  in each of the se  tre atment s .  

Intac t plant s grew sati sfac torily and showed the 

usual growth curve , but in all c ases  where the ro ot  
sys t em was removed , shoot  elongat ion c eased wi thin thre e 

days . No further elongation oc curred when nutri ent 

solut ion or k ine tin was suppl i ed ( Treatment s 5 , 3 ) . When 

gibberellin , alone , or in combination with kinetin was 
added  to the basal s o lut ion , shoo t  elongation cont inued . 

In both the s e  cas e s  ( Treatment s 2 ,  4 ) no ext ension growth 
had oc curred for 8 days , yet aft er  3 days gibberellin 

i nduced elongation to  rec ommenc e ,  and to continue at a 

rat e similar to  that of  intac t plant s .  The pre s enc e of  

kinetin did  no t appear to influenc e thi s  re sult . Growth 
rat e declined quickly from about 6 days aft er c easing 

gibberellin additions ( on 17 O c t ) , 3 weeks aft er GA treat­

ment began . 

The re sul t s  are summari sed  in Table 2 for tho s e  
plant s that r emained al ive , but due to  the variation 

between plant s stati stical analy s i s  was no t done . 
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Table  2 :  Effect  o f  Pruning and Growth Regul at or Treatment 

on Plant Growth ( at 1 . 11 . 72 ) 

No . Mean no . Mean shoot  Mean D i am 
Treatment l?lant s .  int ernodes  l ength ( ems ) base l e af 

( ems ) 

1 Intact 8 16 . 87 94 . 91 7 . 64 
2 -R + GA 9 8 . 3 3 14 . 70 4 . 88 
3 -R + Kin 11 5 . 27 4 . 37 5 . 19 
4 -R + GA/Kin 10 8 . 00 13 . 84 4 . 81 
4 -R 9 6 . 11 5 . 29 4 . 28 
6 -L + GA 9 18 . 78 51 . 67 10 . 01 
7 -L 8 22 . 6 2  80 . 34 11 . 59 

I t  will be  s e en from Table 2 that removal of  the  

ro ot s has : -

( a ) reduc ed final shoot  l ength , whi ch has been parti ally 

r e st ored by gibberellin .  

( b )  reduc ed the s i z e  o f  the olde s t  leaf , and 
( c )  reduc ed int ernode number , but to  a slightly l e s s er 

extent where GA was added . 

Over the period o f  obs ervati on the relat i on o f  

f inal sho ot l ength  to  original sho o t  length i n  de-ro o t ed 

explant s was 1 . 2  and 3 . 4  and 3 . 8  re s pectively where wat er ,  

GA o r  GA + kinetin was add ed . 

Where the leaves only were removed , the plant s 

varied in their  behaviour , but in the pre s enc e  or  abs ence  

of exogenous GA  ( Treatment 6 ,  7 )  there was no  not ic eable  

effec t on sho o t  growth rat e or  final sho ot l ength . I t  

appear s  from Tabl e 2 that i n  the se  plant s with a reasonable 

growth rat e , defoliat ion : -

( a ) inc reased the number o f  int ernodes  per plant , and 
( b )  increased the size  o f  the one remaining leaf .  
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Experiment 2 :  197 3/74 - Again small Abbot t plant s from 
cutt ings ro oted the  previous summer were used , and ex­
plant s t aken from them soon aft er shoot  growth began the 

following spring . Eleven days  l at er the hard ened sho o t s 
were plac ed in a shaded glasshouse ,  in vials o f  aqueous 

soluti ons whi ch were changed 3 t ime s a we e k .  Treatment s 

c onsi s t ed o f  ll  explant s each : 

Treatment l o . 6 ppm GA3 
2 o . 6 pprn GA4+7 
3 0 . 4 ppm GA3 + 0 . 2 ppm GA4+7 
4 o . 6 ppm GA3 + lOp pm BAP 

5 1'/ater control . 

Resul t s : 

A number o f  explant s did  no t survive for the whol e  
period o f  observation ,  but any treatment supplying a 

gibberellin promo ted shoot  elongat ion and al so did so in 

the f�e s enc e of  a higher c oncentration of  a cy tokinin 

( Fig . 1 2 , Plat e 1 ) .  

The rat e o f  sho ot growth was clearly increasing 

from about 8 day s after the first  GA ap plicat i on ,  and had 
virtually c eased E�fter  6 w e eks of treatment . But there 

was c onsi derabl e variat i on in final shoot  l ength , be twe en 

di fferent expl ant s .  

Ini tially mean sho o t  l ength was simi lar in all 

treatments , and at the final rec ording i t  was unchanged 
in the untreated c ontrol s ,  however it had increased by a 

factor  or  2 . 3 ,  2 . 3 ,  2 . 2  and 1 . 7  in treatment s l to  4 .  

Assoc iat ed wi th the GA-induc ed elongat ion there 

was an increase in the numb er o f  vi sibl e  int ernode s  -
GA increased th e mean numbe r  ( l/10/7 3 - 10/ll/7 3 ) by 4 ,  
and by only 3 int ernode s  with the application o f  GA and 

BAP together .  
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PLATE I :  THE EFFECT OF GIBBERELLIN ON SHOOT GROWTH OF A 
KIWIFRUIT CUTTING - 47 d ays treatment . 

Left - Control , Mid - GA4/7 Right - GA3/4/7 
Arrows show shoot  length at start . 

c 

PLATE 2 :  THE EFFECT OF PRE BUD BURST APPLICATION OF 
HORMONE ON SHOOT GROWTH , aft er IS days . 

C Control , G GA3 B BAP 
Arrows show flower buds . 
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At the end o f  the experiment the current s eason ' s 

sho o t  of  each explant was divided into stem and leave s ,  

and the separat e oven-dri ed weight s det ermined ( Tabl e 3 ) . 
For e ach treatment t o t al dry weight was the same , but , in 
treatment 1 t o  4 l eaf weight  was 84� of  the c ontro l , and 

s t em dry weight 1 29% o f  the control - although the d i f­

f e r enc e s  in s t em and leaf weight s just failed  to reach 

s i gnifi c anc e ( p  = 0 . 0 5 ) .  

Tabl e 3 :  Effect  of Growth Regulator Treatment on Explant 

Mean Dry W eight Di stributi on 

Shoot  l ength ( cms ) Dry weight � gm )  
Tre atment Start End Stem Leaf To tal 
1 - GA3 6 . 88 1 5 . 90 0 . 376 0 . 8 2 3  1 . 199  
2 - GA4+7 7 . 14 16 . 76 0 . 380 0 . 84 3 1 . 22 3  
3 - GA3+4+7 6 . 6 5  14 . 37 0 . 3 36 0 . 76 7  1 . 103  

-

4 - GA3+BAP 7 . 6 4  13 . 10 0 . 317 0 . 7 3 5  1 . 052  
5 - Wat er 7 . 31 7 . 47 0 . 273 0 . 9 3 5  1 . 208 

Following bud burst on an explant the total number 
o f  l eave s/primord ia increas e s , but no further increase 

oc curs during G A  treatment . Wint er ( August 1976 ) Abbo t t  

bud s contained 17 leaf primord i a ,  whi ch ro s e  to  23  ( me an ) 

aft er shoot  e longat i on c eased . Aft er further shoot  ext en­

s i on in re sponse to treatment with GA3 , there was no 
change in the total number o f  leaves and primordia . In 
the  fi eld long shoot s had in exc e s s  of 40 leaves  in Feb­

ruacy . 

Experiment 3 :  1973/74 - Similar chemi cal applicat ions were 
als o  made t o  one-node  explant s o f  the vari e ty Bruno . In 

thi s case , wo od was collected in the fi eld in lat e July 
and early August , before bud break , and treatment s began 

aft er initial shoot  growth had c eased . 
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A s  o n  o ther occa s ions g ibb erell in ( GA3 GA4+ 7 or 

GA3+ 4+7 ) caus e d  a mark ed incr e a s e  in sho o t  l ength - in 
the pre s ence or ab s enc e of BAP , and BAP alone had· no 
such effect. 

When sho ot cutt ing s  wer e used  in thi s manner they 
were  cu t t o  a simi lar l ength of about 6cms , although there 

was some var ia t i on in sho o t  d iamet er. R e c ord s w er e  k ept 
of the s e  Bruno cut t ing s  to examine the ir contribut ion t o  
new sho o t gro wth. Data for thr e e  s eparat e lat e-wint er 

harv e s t s  o f  wood fro m  1oatur e  vine s i s  shown in Fig. 1 3 . 
The  max imum l ength of the new sho o t  i s  shown pl ot t ed against 
t h e  v o lume o f  the original explant d e t ermined from l ength 

and d iam e t er mea sure m ent s ( a s suming a cyl indrical shape ). 

In each ca s e  a go od l inear relat i onship exi s t s  
wi th the larger explant s produc ing the long e s t  sho o t  

b e fore ext en s i on growth c e a s e s. 

The c ontribu t i on to sho o t  growth mad e  by the pr e­
v i ou s  s eason' s wo od wa s al s o  shown with a o,uant i t y  o f  Bruno 
wo o d  harve s t ed shortly  befor e  bud bur s t  on 31/8/7 3 .  The 
f r e e z e-dri ed we ight o f  thi s wo od wa s 49 . 8fo o f  the fr e sh 

w e ight. ·w o o d  wa s al s o  held a s  e xplant s unt i l  the new sho o t  
growth had c e as ed , when the  ex t ension growth wa s remov ed 
and the  orig inal cutt ing fr e e z e-dr i ed. I t  was then 37 . 2fo 
o f  i t s  original fr e sh weigh t. 

'rhi s ind i c at e d  that lkg ( fre sh we ight ) o f  sho o t  
material harv e s t ed c l o s e t o  bud burst , l o s t  l 25gm o f  
f r e e z e-dr i ed we ight ( or 2 5; o f  i t s  t o tal fre e z e-dr i ed 
w e ight ) in supporting sho o t  ext ensi on. At t hat po int 
s h o o t  elonga t i on c e a s ed. 

Experiment 4 :  197 5/76 Ubs ervat i ons were al so  mad e  
wh ere gro wth regul ator tr eatment c ommenc ed b e for e bud 
bur st, 
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Re sul t s :  

U sing one-y ear old wo od o f  Bruno coll e c t ed in 

the f i eld on 11/8/7 5 ,  a few day s before the first · signs 
of bud burst  o c curred ,  early sho o t  growth was affe c t ed by 

standing immediately in a solu t ion o f  50ppm GA3 • So that 
thre e  weeks lat er : -

C ontro l :  
. . 

lOO% bud s burst , the ir mean stem l ength was l . Ocm 

96fo buds burst ,  their mean st em l ength was 2 . 9cm 

The effec t o f  hormone treatment being t o  ac c e l erat e the rat e 
o f  bud growth , and t o  increase stem l ength . 

A further c o l l ect ion was made on 25/8/7 5 o f  Abbo t t  

wo o d  at the same s tage o f  development , and one-node  cutt ings 
were immedi ately held  under c ont inuous fluore scent light in 

a heat ed ro om as follows : -

Treatment l wat er 

2 GA3 50ppm 

3 BAP + GA3 each 5 0ppm 

4 BAP 50ppm 

Aft er 2 5  day s only 58fo of  the bud s had burst  in 

e ach treatment , but many of the explant s t reated with 

gibberellic  ac id ( Treatment 2 ,  3 ) had produc ed a shoo t  ?cm 

l ong . In c ontrast , BAP and wat er explant s had produc ed 

sho o t s  o f  very compac t growth vi z .  about 1 . 5cms . It  was 
al so  very no ticeabl e t hat GA3 had al t e red the type o f  

d evelopment that o c curred . . Whereas the controls  had large , 

d ark gre en l eave s  and s everal prominent flower buds , GA3 
produc ed very small narrow l e ave s o f  p ale gre en colour ,  

and there was no sign o f  axi l lary flower bud develop-

ment . ( Plate 2 ) . 

In an experiment using Abbot t  e xplant s ,  harve s t ed 

o n  5 August ,  and treated from 31  August : -
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( a )  2ppm GA3 caused a marked re sumpt i on of sho ot  growth 

( b )  A hormone mixture of  2 ppm GA3 , 3 ppm di phenylure a ,  

0 . 5ppm NAA was phytotoxic , so the effect  o f  such a 

c ombinat ion c ould no t b e  det ermined . 

Experiment 5 :  197 5/76 - In th i s  instanc e ,  the main purpo s e  

was  t o  observe the ro le of  auxin in explant sho ot  growth ,  

us ing one-node cutt ings held i n  aque ous so lution in a 

c abine t held at 2 I . I- 2 2 . 2°Cand a 16-hour day .  

I n  some cas e s  PC I B  ( p-chloro phenoxyisobutyri c ac id ) 

was used , but there was considerabl e difficulty in achi ev­

ing a sui table conc entrat ion as high c onc ent rations rapidly 
c aused wilting and death o f  new shoot  growth . 

( a ) Dormant Abbo t t  wood w as co llec t ed on 5/8/7 5 and held 

in wat er as one-no d e  cuttings unt il sho ot elongati on had 
s t o pped , and treatment began on 31/8/7 5 wi th 18 explant s 

per  treatment : 

Treatment 1 lOp pm I AA 

2 2 ppm GA3 
3 2ppm GA3 + lOppm PC I B  

4 2ppm GA3 + 50ppm PC IB 

5 rl ater control 

Re sul t s :  

There was no re sumpt ion o f  sho ot elongat ion on the 
addit ion of  IAA ( Fig . l4 ) .  Many of  th e explant s did no t 

survive ,  e spec ially in treatmen t s  2-4 . Several explant s 

re spond ed to GA3 al one , and the effe c t  of inc luding PC IB 
was  no t c l ear , al though there were indications that shoot  

elongat i on could c ontinue in  the  pre s enc e of  this  mat e ri al .  

( b )  A small quant i ty o f  wo od o f  thre e variet i e s  was t aken 
from the cold ro om ( 4 °C )  on 2 5  Octo b e r ,  where it  had been 

for 3 months , and used in a simi lar t e st - wi th a total o f  
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3 4  explant s t o  e ach t reatment : 

Treatment 1 

2 
3 

·�l at er c ont rol 

GA3 
5ppm 

5ppm 
GA3 + 0 . 2 ppm PCIB 

The s e  e xplant s al so were held in a heated l ighted  cabinet 
in  small j ars of so lut ion ,  and cons i st e d  o f :  

Hayward 

Tomuri 
Ii'Iatua 

Re sul t s :  

16  explant s 

7 e xpl ant s l 
11  explant s 

'l'reatment start ed immediat e ly , 

pre-bu,d burst . 

Chemical treatment began 6 days  

l at e r , when bud burst had been  

c ompl et ed 

Almo st lOO% bud burst  was re c o rded . On 13  November , 

aft er 2 or 3 weeks  chemical treatment , shoot  growth o f  a 
very few  explan t s was wilt ing und dying . Ano ther week 

l at er mo st o f  the mal e explant ' s  growth had collapsed , 

and t hi s was no t as sociat ed wi th the pre senc e o f  PC IB . 

The re sul t s  for two vari e t i e s  are shown in the form 
o f  a sc atter  diagram ( Fi g .  1 5 ) ,  where the calculat ed volume 

o f  the cuttings i s  plotted against t he maximum sho o t  l ength 
by 18/11/7 5 . 

There i s  some variation wi thin each treatment , but 
there appears  t o  be a cl ear trend in r e spons e t o  treatment 

shown by all vari et i e s ,  e specially with Matua . 

The appl ication o f  gibberel l i c  ac id alone , or in 
c o mbinat ion , increased sho o t  growth compared wi th the 

c ontrol s .  The effect  of �C IB was to reduc e the l evel o f  

growth st imulat i on brought about by GA3 , without preventing 

all the re sponse  t o  GA3 • '1'hus PC IB allowed the explant s 
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t o  mak e their no rmal growth , plus some response to  GA3 • 

Even  when PC IB was pre sent from before bud burst ( Hayward ) 
bud burst and sho ot  elonga t ion was no t prevent ed . 

�xperiment 6 :  1 97 5/7 6 A preliminary t e s t  in 1974 h ad 

ind i c at ed a fall in starch and reduc ing- sugar levels  in 

one-year old wo od as a re sult o f  the shoot  growth mad e by 
a bud on a stem cut t ing . 

I t  was d e c i d ed t o  further inve s t igat e the relat i on­

shi p  b e tween expl 11nt sho o t  growth , and changes in the 

c arbohydrat e cont ent of the one-nod e  cutt ings used . 

M e tho d s .  

Det erminat ions were mad e o f  soluble sugar and poly­
sac c harid e reserve l evels  following me thods  used by 

Robinson ( 197 5 )  - as adapt ed from Pri e stley ' s wo rk 
( Pr i e s t ley 196 5 ,  Fl ood and Pri e stl ey 1973 ) .  Some mod i ­

f i c at i ons were made to  t h e  techni q ue , including the us e 

o f  a d initro sali cylic ac i d  reagent ( Miller et  al . 196 0 ) 
fo r the det erminat i on o f  reduc ing sugar ac t ivity . Sampl e s  

were  c ompared with a seri e s  o f  gluc o se standard s .  

Prel iminary work indicated  the sui t ability o f  the method 
used , whi ch is shown in Fig 16 . 

No t e s  for Fig . 16 : 

( a )  For  refluxing , the s ampl e was plac ed in a round­
bo t t omed  flask with ant i-bumping chips , on a heat ing 

mant l e , and kept gently s immering . A filter  funnel filled 
wi th glasswo ol and glas s chips was plac ed in the top  o f  
the  flask . 

( b )  An 8cc al i quot ( 2  replicat e s ) was mix ed with 2cc  o f  

d init ro salicyl ic  ac id  reagent in a t e s t  tube , heated on 

a bo i ling wat er-bath for 8 minut es  and mad e up to  lOcc . 

Ab sorption was read at 64 0mu on a Hi t achi s pec tro pho t o­

met er . 



5gm Fre sh wt . 

Grat e int o 2 50cc flask 

Add 7 5c c  80% MeOH 

Heflux 6 hours . ( a ) 

C o ol 

74 . 

Residue Methano lic  solution 

So lut i on 

Solut ion 
Make to  lOOcc 

Add 50cc TCA Make to lOOcc 

reagent . ( c )  with D/W in lOOcc 

Reflux 2� hours . volumetric flask 

Cool  

Residue 

Add 30c c D/W 

He flux 4� hours 

Dry and we i gh 

Solubl e sugar determina­

t ion ( b )  

Reserve po lys accharide 

d e t e rmination ( d )  

Fig.  16 : Ext rac tion o f  0olubl e �ugars and Reserve  

Polysac charide s .  



7 5 .  

I n  a t e st with ac id hydroly si s o f  thi s  solubl e  sugar 

frac t i on ( lN H2so4 , heated on wat er bath 20  mins ) there 

was no significant inc rease in act ivity , suggest ing 
sucro s e  was not an important c onstituent of thi s extrac t . 

( c )  TCA reagent : l Ogm TCA ( Tri chl orac etic  acid ) 

20cc  Me thanol 
- made up to  200 c c  with di s t i l l ed water . 

( d )  Pri e st l ey ( 196 5 ) indicat ed the ·reA/Methanol hydroly­
s i s  o f  starch produc e s  mainly gluco s e ,  fruc tose  and ara­

bino s e , and the  hydro lysat e was asses sed  similarly as in 

( b )  above . Dupl i c at e  ali ouo t s  o f  2 c c  of solution were 
add ed to 2cc dinitro sali cyl i c  ac id reagent , nnd mad e t o  

lOc c aft er heat ing . 

Al so  2cc  o f  each solut ion was streaked on Whatman 

3MM chromat ography paper , and run ( asc ending ) 20cms with 
d i e thyl ether to r e move the TCA . A paper strip 2 . 5cm wid e 

eac h  side o f  the basel ine was e luted wi th lOcc df stilled 

wat er by holding in a wat e r  bath at  l00°C for l hour . 

The eluant was then t e s ted as usual . 

One e ach o c c as i on a s e r i e s  o f  glucose  standard s 
was al so  t e s t ed to give a l inear s tand ard curve on l og-lo g  
paper .  

For thi s  e x p e riment d o rmant wo od of  the vari ety 
Abbott was c ol l e c t ed in the  fi eld on 5/8/7 5 ,  some o f  which 

was plac ed in a l i ghted  c abine t at 2 I . I
0

as one-node cutt ings 
in wat er . When sho o t  gro wth had almo st  c eased ( 31 August ) 

some explant s were s t imul at ed t o  make substant ial further 

ext ension growth by the regular add i t i on o f  GA3 • 
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Sampl ing was as fo l l ows : -

D o rrn<:mt wo od , harve s t ed 5/8/7 5 Tre atment l 

2 Control . Sampled on 31/8/7 5 aft e r  no rmal 

extension grow th c eased  
3 G ontro l . Sampl ed 2/10/7 5 .  
4 Wood  sampled on 2/10/7 5 aft er GA3-

st imulated growth had o ccurred . 

In each case , only the o riginal one-year old  wood 

( excluding bud s ) was sampl ed . There were thre e sample s  per  

treatment , each taken from two  different explant s .  Aft er  

harve st  all sample s were weighed  and stored in abs o lut e 

methano l  in the d e e p  free ze , unt i l  all analys e s  were done 

t o gether in mid October .  

R e sul t s : 

The s e  are summari sed in Table 4 .  The dry weight , 
as  a perc entage o f  fre sh we igh t , fell  from 27 . 3% in do rmant 

wood  t o  22 . 4� on 31 August in support ing bud growth , and 
this  remained at 2 3 . 8fo in the two final samplings . 

Similarly the measurement o f  starch re serves  show 
they fell in support ine the initial sho ot growth , but that 

no further signi ficant change oc curred when further sho o t  

extension was st imulated by n GA3 appl icat i o n .  Apparently 

this  GA-induc ed growth was no t :nade at the expens e of the 

c arbo hydrat e re serve s in the original cut t ing , and GA 
d id not increase the pro port ion of re serve c arbohyd rat e 

that was mobi l i s ed for  sho o t  growth . 

Measuring " st arch reserve s "  d i rectly , or aft er 

chromatography gave very si rni lar re sul t s .  
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Tabl e 4 :  Change s in £xplant C arbohyd rat e Level s .  

( Mean gluc o s e  e C] ui val ent s gm/lOOg D ry wt . )  

W ood sampl e  

5 Aug . Dormant 

3 1  Aug . Po st grov; th 

2 Oct . Po st  growth 

2 Oct . Po s t  GA3- growth 

Analys i s  o f  varianc e 

As  � Dormant wood 
Solubl e Starch Sugars .  Starch 
sugars .  re serve s 

1 2 . 06 11 . 67 a - -

7 . 88 5 . 51 b 6 5 . 3  47 . 2  

8 . 3 3 4 . 7 6  b 69 . 1  40 . 8  

8 . 22 5 . 38 b 68 . 2  46 . 1  

Di fferenc e s  solubl e  sugars non­

signi ficant ( 5% ) .  
Diffe renc e s  starch signi ficant  

( 1% ) , treatment d i fferenc e s  d et er­

mined by Duncan ' s Multiple  Range 

test  ( 1% ) .  



7 8 . 

D I SCUSSION 

Sho o t s  o f  the kiwifrui t plant show the no rmal 

sigmo id growth curve , and although no rec ord s  o f  s easonal 

growth patterns were obtained here , the effect  is  indicat-
ed for plant s in Figs . 7 ,  8 and for individual int ernod e s  

in Fig .  4 ,  and such a growth curve was recorded in the 
fi eld in l imi ted measurements by D avi son ( 1971 ) .  He  

no t ed the differenc e betwe en the weaker growing Hayward , 

in which shoot  growth essent ially c eased fo r non-fruiting 
sho o t s  at the end o f  November , but in the stronger growing 

Monty , growth rat e o f  fruit-bearing sho ots  declined in  lat e \ 
J anuary . The mal e c l one Alpha appears mo re vigorous 

than Hayward because it produc e s  a greater proport ion  
of  indet erminat e sho ots  during a growing season ( Brund ell  
1975a ) . Thi s may have a parall el in apple tre e s , where 

sc ion sho o t  growth on smal l er , slower-growing tre e s  ( brought 

about by the presenc e of a dwarfing ro ot sto ck ) c eases  

e arli er in the summer than in  more invigorat ed tree s ,  and 
in the forme r ,  growth is  re stri c t ed to a smal l er number 

of  growing po int s ( Avery 1969 , Robi taille 1 970 ) .  
S imilarly a lateral o f  the Hayward vari ety produc e s  a 

significantly lower perc entage ( 4 5 . 5fo )  o f  flowering sho o t s , 

( i e .  bud burs t )  than do four o ther mo re vigorous pi stillate 

vari eti es  ( 7 2% ) ( Brundell 197 5d ) .  

It would be o f  int erest  to determine the d i stributi on 

o f  photo synthat e s  from a sho o t , and the leaf contribut ion 

t o  fruit growth . The early d evelopment o f  mature l eave s  on 

a det erminat e sho ot  would make phot o synthat e s  readily 

available for export to the ir  develo ping fruitlets  ( Hansen 

1 967 ) , a situat ion seen to occur in the apple tre e . By 
c ontrast a slower leaf development on elongating ind e t er­

minat e sho o t s ,  and a strong ret ent ion in the shoo t  t i p  of  

pho to synthat es  from the api c al leave s ( Hansen 1967 ) ,  may 

plac e  develo ping frui ts  on thi s type o f  sho ot  at a relative 
d isadvantage , to  be refl e c t ed in a reduc ed po t ential for 

l arge fruit  size . 
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No att empt was made t o  record o r  acc ount for the 

presenc e of bo th long ( ind etermin�t e ) and short ( determinat e ) 

sho ot s on a vine ( Brund ell l 97 5a ) , where the t erminat i on 

o f  growth and absc i si on o f  the t erminal bud o ccurs pre­
maturely to form the det erminat e sho o t s . Act ivity in the  

sub-apical region plays a large part in determining s t em 

l ength ( Sachs 1 96 5 ) , and the develo pment o f  long- sho o t s  
has been found relat ed to  the great er rib meri s t em ac t ivity 

in  the sub api c al region than is assoc iated wi th short 

sho o t s  ( Gunckel and W etmore 1946 ) .  Thi s may refl e c t  

d ifferenc e s  i n  growth regulator act ivity , including gibbe r­

ellins ( Sachs and Ko franek 1963 ) ,  and Crit chfi eld ( 1970 ) 

has provided c ircumstanti al evid enc e o f  a dominant and 
d i st inct role  o f  auxin in controlling the ext ension o f  

long shoo t s .  Janki ewicz  ( 1972 ) has pro po sed a sys t em in 

which auxins , gibberellins and cytokinin int eract such 
that there i s  a different i at ion betwe en long sho o t s  and 

short sho o t s  on a plant . When the dwarf French bean and 

the swe et  pea are treat ed wi th gibberellin , apical domin­
anc e i s  s trengthened ,  s inc e inst ead o f  aborting ,  �he api c al 
bud continues growing ( Brian 1 9 59 ) .  One could then enquire 

whether short and l ong sho o t s  would re spond differently t o  
exogenous GA application.  

In a study of  the  c e s sation o f  apical growth and 

sho ot t ip absc i s sion in Salix , it  was found they were 

delayed by growth retardant s or  applying GA3 to  the ap ex 
in spring , whil e  ABA and kine t in had no effect ( Juntt i la 
1976 ) .  Thi s i s  further evid enc e that GA may play an import­

ant rol e  in the r egulat ion o f  shoo t  t i p  abortion, po s si bly 
by ensuring the apex is a strong " sink" abl e to  c ompete  

wi th the  d evelo ping axillary bud s and l eave s .  

D e c api tat i on 

Removal o f  the  t ip  bud from vigorously growing young 

plant s reduc ed the rat e of  growth o f  the main s t em due t o  

the removal o f  the apical sourc e of  growth hormone s ,  along 

wi th the l o s s  o f  the s ite  o f  c ell divi s ion and new l eaf 

primord i a .  Fig . 2 , indicat e s  that initially growth in the 
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upp e rmo s t  int e rno d e  was red uc e d , and al though i t  was no t 
d e t ermine d  here , th e l i t e rature sugge s t s  thi s was due t o  
the  l o s s  o f  gibb e r e ll in- l i k e  sub s t anc e s  ( Ful ford e t  al . 
1968 , Lo c khart 1964 ) .  When GA3 was appl i ed t o  t h e  d e c api­
t a t e d  s t em o f  sunfl o Ne r ,  pea and bean p l ant s ,  int e rno d e  
growth was maint ained ut t h e  same l ev e l  as c ontrol  p l ant s , 
wh e r e as auxin w a s  ineffec t i v e  in sub s t i tut ing for the  apex 
( J one s and Phi l l i p s  1966 , Lo c khart 19 57 , 1964 , Phi l l i p s  
1971 ) .  S o  there  w a s  here an ind i c at i on that ext en s i o n  
o f  the d i s t al s t em i n t e rno d e  w a s  aff e c t ed by fac t o rs 
origi nat i ng in the apex - no d oubt gi bberell ins pro duc ed 
by the younge s t  l e ave s  are  an impo rtant c ompone nt o f  t hi s 
contro l . 

Howev e r  8 w e e k s  aft e r  d e c api t at i on the o nl y  mark e d  
e f f e c t  w a s  on t h e  int erno d e  s e cond from the t o p , whi ch 
was marke d ly l onge r  than in t h e  c ontro l plant s ( Fig . 3 ) .  

Apparent l y  growth fac tors  from wi thin the  plant favour ed 
thi s e xtra growth , which was al so  obtain ed in a sub s e q uent 
t e s t  when d e c ap i t �t i on inc r e as e d  the l ength of e ach o f  
the  upp e r  t hr e e  int e rnod e s . This i s  in contrast t o  s e v e ral 
o t h e r  stud i e s  wh ere  d e capitat i on reduc e d  the l ength o f  the  
upp e r  i nt e rno<i e s  ( Barlow and Hanc ock 19 5 5 , Jone s and 
Phi ll i p s  1 966 ,  Lockard 1 9 56 ) .  

D e fo l i at i on 
T o t al sho o t  l ength was unaffe c t e d  by the l o s s  o f  

only two o r  four young l e av e s , but a c o nt inuing and almo s t  
t o t al d e f o l iat i o n  r e sul t e d  in a c ons i d e rabl e  reduc t ion i n  
st e m  growth ( F i g . 1 ) . Howe v e r  wh en s imi lar o b s e rvat ions 
wer e  made over a s ho r t e r  p e ri od in the previ ous y e ar ,  
thi s e ffe c t  was not no t i c e abl e .  So whi l e  s evere  d e fo l i at i on 
c au s e d  a l o s s  o f  pho t o s yn th e t i c  t i s �..,ue and o f  s i t e s  o f  
growth r egulat o r  proQuc t i on r e su l t ing i n  reduc ed s t em 
h e i ght , any s imilar ini t ial e f f e c t  o f  very l i ght d e fo l i a­
t i o n  was negat e d  by sub s e q uent growth . 

Severe  d e fo l i at i on re sul ted in a reduc t i on i n  the  
elongat i on o f  many int ernod e s , e xt end ing from about t hr e e  
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int e rnodes  below the  api cal bud at the start o f  treatment , 

up t o  the last int e rnode measured ( Fig .  3 ) .  In add i t i on ,  

thi s tre atment gre atly increased the total number o f  in­

t e rnod e s  produc ed by the s e  plant s ( Table  1 ) , eac h  suc c e ed­
ing one being of increasingly reduc ed size  compared with 

contro l plant s Figs . 2 ,  3 ) .  Thi s e ffect  has als o  been 
recorded in appl e s , where the succ e s s ive defoliat i on o f  
an apic al leaf reduc ed the s i z e  o f  the internod e s  in thi s 

region at the end o f  the s eason ( Barlow and Hanc ock 1 9 5 5 ) 
The effect  in appl e also was great er , the great er the 

number of leaves  removed , with the shortest int ernode  

being immediat ely above the  last  l eaf removed - wi th 
following int ernode s showing a gradual recovery . Brund ell 

( l97 5c ) using hardwood cutt ings o f  kiwi fruit no t ed that 

c ont inuous defoliat ion incre as ed shoo t  length and int er­
nod e  number , e spec i ally where treatment began early . 

While  near- t o t al defoliat ion affected the growth 
of a large numb er o f  int erno d e s , the early removal o f  
either  two or  four l eave s had a similar but mo re restri c t ed 
effe c t . As rec orded  by Barlow and Hancock ( l9 5 5 ) . the 
inte rnode mo st reduced in size  was that one immediat ely 
above  the last l eaf removed , which l eaf was also the 

smal l e s t  one at the t ime of i t s  removal . 

I t  i s  cl ear a young l eaf plays a ma jor  part in 

determining the final length o f  an ad j ac ent int ernode , 
specifically o f  the  int ernod e  above the leaf . Barlow 

and Hanco ck ( 19 56 ) pro po s ed that an " int ernode fac t or "  Y 
produc ed by an immature leaf c ontrolled ext ension o f  the 
two int ernode s  above it . Further , while  an expanded l e af 

has some effect on later int ernode  growth , it  i s  when the 
l eaf i s  very small and forms part of the apical bud that it  

is  exert ing its  gre atest effect  on  final int ernode  size  -

an e ffect  that mov e s  acropetally . The loss  o f  many large r  

leav e s  affecting internode growth over a long dist anc e 
was also  no ted by Barlow and Hanc ock ( 19 56 ) ,  and they 

postulat ed the effect  was primarily due to a l o s s  o f  

pho t osynthat e s . 1l'he  effect o f  removing a mature l e af 
i s  mo st  l ikely to  b e  due to  reduc ed availability o f  
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pho t o synthat e s , and that o f  removing immature leaves  t o  

changed hormone level s which lower the ti s sue growth rat e 

( Barl ow and Hanc ock 19 5 5 ) .  

There was a t endency for the int ernod e  below the 

lowest  leaf removed to  be of increased length , and thi s 
effect  was strong following decapit at i on ( Fig . 3 ) . Table  l 
al so  shows that defoliat i on treatment caus ed a relatively 

l arge but non- signi ficant inc rease  in the s i z e  o f  the basal 

leaf ,  and in lat er obserV[tt ions where twelve leave s were 

removed at an early stage , there was an inc rease in s i z e  

o f  the  next four l eave s  produc ed , c ompared with c ontro l 

plant s .  The effec t s  o f  d efoliation on stimulat ing axillary 
bud burst , inc re asing l eaf produc tion ,  and increasing leaf 

s i z e  indicat e s  an at t empt by the  plant to  re-es tabli sh i t s  

ro o t/sho o t  rat i o ,  effec t s  t o  b e  expected when c entre s o f  

ut i l i sation are removed ( Barlow and Hancock 1 9 56 ) .  Brouwer 

( quo t ed in Ri chards and Howe 1977 ) indi cat ed that in a 
given si tuat i on an equil ibrium exi st s between the top  and 
the  root , and that when any ext ernal fac tor disturbs thi s 

equilibrium , the plant reac t s  to ree stabli sh it  as soon as  

po ssibl e . In c onsidering such c ompensat ory growth in plant s 
one c an acc ept Wareing ' s ( 1970 ) vi ew that it  indicates  there 

is an effi c i ent mechani sm for c ontroll ing the relative 

growth of  sho o t  and roo t ,  so as to  re store the balanc e 
typi c al of  tho s e  environmental conditions . The emphas i s  

i s  o n  there b e ing a ro o t- sho o t  int erac t ion i n  thi s  growth 

re sponse - sinc e me tabo l i t e s  move in both directi ons 

be twe en the roo t s  and sho o t s , it i s  po s sibl e for an int er­
play b e tween them to operat e to maintain thi s bal anc e in 

growth . Wareing ( 1970 ) then argue s from s everal obser­

vat i ons that is i s  possible  some of the effe c t s  of defolia­
t i on re sult from a change in the relat ive supply o f  ro o t­
cytokinins , due to  the l o ss o f  some o f  the s i t e s  c ompet ing 

fo r them . One may al so  have expe c t ed thes e  plant s t o  show 
some reduc tion in ro ot  growth ( Maggs 196 5 ) , for in appl e 

t re e s  defoliat i on mo st heavily penal i s ed the roo t s , as the 
dry we ight then ac cumulat ed in the neare st utili sing region 

which  was the s t em .  
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In t e rms of  int ernode  elongation the l it e rature 

indicat e s  a maj or ro le for gibberellin-like substanc e s  

produc ed in the apical l eav� s .  The se resul t s  indicate 
that at the stage that a leaf i s  just separating from the 
api c al group i t  is exert ing a st ong effect on internode 

growth , and the work of  Thrower ( 196 2 ) showed thi s i s  the 
stage  that a l e af has a rapidly-increasing import o f  C­

ass imi lat e from lower leave s .  Thi s may indicat e  that when 

an apic al leaf i s  removed , a local i sed defic i ency o f  

as s imilat e s  i s  respo sible for reduc ed cell ext ension and 
int ernode growth , and that thi s defici ency i s  brought 

about by the l o s s  o f  l eaf-synthesi sed gibberellins , which 
are known to  be ac tive in controlling metabol i t e  distibution 
( se e  Hoad and Mons el ise  1976 , Quinlan and Weaver 1970 ) .  
Brundell ( 1975c ) al so has indicated the likelihood  o f  leaf 

effe c t s  on flower bud and sho ot  development in cut tings 

being expre s s ed through a ho rmonal control o f  met abolite  

transport . 

The further away from the apex an int ernode  become s ,  

the l e s s  effe c t s  its  subt ending leaf has on i t s  size . 
Aft e r  a peri od  of  rapid elongat ion ,  an int ernode c ease s 

ext ension growth , and thi s  occurs in small plant s when i t  
become s the eight h intQrno ae  below the apic al bud ( Fig .  4 ) .  
Wi thin an int ernode it was found ( Fig . 5 )  the growth rat e 

was highest in i t s  upper part and lowe st  in i t s  proximal 
part , and elongation c eased first in the lower part o f  

an int ernode . 

Growth regulat or effec t s  

The above conside rations indicating t h e  l ikely 
invo lvement o f  gibberellins in shoot growth were support ed 
by the demonstration that the growth of kiwifruit s eedlings 

was increased by GA3 in a manner similar to that o f  lettuc e 

s e edlings ( Frankland and Ware ing 1960 ) .  Apparently endogen­
ous gibbe�ellin ac ivity was limi ting stem growth in s e ed­

ling s , although thi s was no t shown to be the case  with 

older plant s ( Experiment 3 ) .  There was no recorded e ffect 
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on s t em growth o f  spray of  GA3 at 50 , 200 , or 500ppm , 

and the l imi t ed obs ervations mad e did no t indicat e  that 

any o f  the inhibitory e ffect  of a maleic  hydrazide  spray 
was overc ome by a GA3 spray . 

Gibberellins ( u sually GA3 ) have frequently increas­
ed sho o t  growth , and the magni tud e o f  the e ffect  i s  de­

pend ent on the do s e ,  which may be  given in s everal appl ica­
t ions . When GA was appli ed t o  pears ( Modlibowska 1966 ) 

and appl e s  ( Luckwill 1968 ) it  had no e ffect  on primary 

sho o t  growth , but i t  destroyed the  apical d ominanc e and 

c au s ed the lat eral sho o t s  to  grow away . Kato and I t o  
( 19 6 2 ) found foliar sprays o f  GA3 promo t e  sho o t  elongat ion 
o f  appl e tre e s  that have no t c eased growth , but the effect  
may somet ime s be limi t ed .  I t  has  been demons trated that 
linear growth on young appl e  plant s was inc reased only 

by more c onc entr�t ed GA3 sprays , and e s pec i al ly i f  sprayed 
as many as 17 or 33 t imes  ( Powell et  al . 1 9 59 ) .  

In c onifers , non-polar GAs are very effective in promo t ing 

s e xual different iat i on ,  but as they are rapidly meta­

b o l i s ed within the plant , exogenous appl ications are 

e f fe c tive only when mad e at high dosage s in c ont inuous 
or  frequent treatment s ( Phari s and Ro s s  1976 ) .  The 
abs enc e of a re spons e by the kiwi fruit was pre sumably due 
t o  inade quat e l evel s o f  sui tabl e GA being at tained wi thin 

the plant , rather than signi fying a non-requirement of GA 

for shoo t  ext ension . 

While  the growth retardant CCC restri c t s  the sho o t  

gro wth o f  many plant s it  was no t shown to  restri c t  growth 
of kiwifruit plant s ,  and further obs ervati ons of i t s  

effect  i s  required . I t s  use d i d  restrict the produc t i on 
o f  ble eding sap , and i t  i s  t o  be  expec ted  i t  would have 
s ome effect on growth or  development of  thi s plant . Whil e  

CCC appears t o  have some effect  o n  plant gibberellins 

( Re id and Carr 1967 , Reid and Cro zi er 1970 ) ,  the ext ent t o  
whi ch thi s ac c ount s fo r changes i n  plant growth i s  uncl ear .  

There i s  al so debat e on the mechani sm o f  act i on o f  the 
growth retardant SADH , but there are many report s 
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ind i c ating a syst em based on change s  in endogenous 

gibberellins ( eg . Ryugo and Sansavini 1972 ) .  The sugge st­
i on t hat SADH-induc ed growth retardat ion follows from a 

reduc ed supply o f  phot o synthat e s , which i s  assoc iat ed 

wit h  a fall in api cal GA l evel s  ( Ho ad and Monseli s e  1976 ) 

provid e s  an ident ical explanat i on to  that made earlier t o  
d e s c ribe the effect o f  defoliat i on i n  reducing int e rnode  
growth . 

Experiment 5 demons trat ed that SADH i s  an effec t ive 

ret ardant o f  kiwifruit sho ot  growth , and the s e  initial 
o b s e rvati ons sugge st thi s treatrnent c ould find a plac e 
in mature plantings o f  vigorous vine s .  No record i s  

avai labl e  as t o  whether a SADH spray affected  fruit s ize , 
but t e s t s  indicat ed fruit residue l evel s  were low , and 

qui t e  po s s ibly ac c eptabl e . Frui t qual i ty was no t shown to  

be affect ed , but the fac t  that respirat i on rate o f  treated 
fruits  was consi stently higher means that the  e ffect o f  

SADH o n  fruit qual i ty require s mo re detailed study . 

Whe reas in the  apple a SADH spray reduc e s  the  re spirat i on 
rat e o f  the frui t , such a spray advanc e s  maturity o f  the 
peach and an early s e ason spray markedly increas e s  the 

po st-harve st re spirat i on rat e of thi s fruit ( Lo oney et  al . 

1974 ) .  

The mode o f  act i on o f  the  growth inhibitor mal eic  

hydrazide is  unc ertain , but appears likely to  differ  from 
the  retardant s ,  although i t s  application may reduc e GA 

ac � ivity , and i t s  effec t s  on growth have b e en reported 
to  be negat ed by gibberellin ( Bri an 19 57 ) . As oc curs 

in other plant s ,  mal eic  hydraz ide promptly stopped sho o t  

growth , and caused di eback o f  the sho o t  and growth o f  
l a teral bud s , but at the conc entrations u s e d  GA d i d  not 

mo d i fy the MH effec t . 

Using mainly s t em cutt ings ( explant s ) further 

o b s ervati ons were mad e of growth regulator effect s on s t em 

growth , particularly the gibberellins . 
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Defoliat i on 

Int ac t  plant s growing in a flowing nutri ent solu­

t i on c ont inued to  make good  growth which  was no t apparent­

ly affec t ed by cont inuous d e foliation ( Fig .  11 ) ,  a situa­
t i on somewhat di fferent from that already recorded in 
ano ther experiment . 'rhe  reason for the d i screpancy i s  not 
c l e ar ,  exc ept  that in the pre s enc e of l eaves , ini tial 

growth rat e o f  the st ems was generally great er , and none 

mad e as l i t t l e  growth as some in the d e fo liat ed treat­

ment s .  As on  the earl i er occasion ,  d e fo l iat i on increased  
int ernode  number and increased the size  o f  the  one  re­

maining l eaf . 

The c ont inuous supply o f  a low concentrat ion o f  

G A  t o  th e ro o t s  o f  d e fo l i a t ed plant s had no effec t , 

whi c h  perhaps indi c a t e s  th e s e  exogenous GA ' s  were no 

sub s t i tut e for  the l e aves  in the  cont ro l  o f  int ernode 

ext ens i on .  

Roo t  removal 

When the ro o t s  of young ac t ively- growing plant s 

were  removed ,  s t em el ongat i on c eased almost immed iat ely , 

and no further growth oc curred . Such an effect  i s  no t 
une xpec t ed , and ha:� b e en attrj  but ed to  the loss  o f  a 

maj or sourc e o f  t l1 e growth sub s tanc e s  e s senti al for sho o t  
growth ( C arr e t  al . 196 4 , Cro z i er and Reid 1971 , Smith 
and 1Vareing l964b ) .  �upp l y ing a low l evel o f  kinetin did  

no t st imul ate st em erowth , and henc e was unabl e to  sub­
s t i tut e for  the ro o t s .  However i t  was very cl ear that 

when GA al one , o r i n  combinat i on with kine t in ,  was 

applied  to the b�s e  o f  de-ro o t ed plant s there was a 

prompt re sumpt ion o f  s t em growth ( Fig . 11 ) .  Treatment 

w i th a gibbere l l in mixture sub s tant i ally increased the  
s t em l ength o f  sho o t s  that had c eased growth , and in  

thi s respect  re plac ed the  e ff e c t  of  th e ro o t  syst em . 

Three  we eks after  the  first  add i t ion o f  GA , e longat i on 
had almo st  c eased , wh ich may have been due t o  the wi th­

drawal o f  th i s  h o rmone . Ho�ever i t  was subs equently 
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found ( Fig . 12 ) that aft er a period o f  GA-induc ed re spons e , 

elongat i on c eased in the c ont inued pre s enc e o f  thi s  hormone , 
I t  has been similarly recorded elsewhere  that thi s  re sponse 

t o G A  i s  sho rtlived , and that unac countably growth c e as es 
aft e r  a c ertain maximum increment ( Smith e..nd War eing 1964b , 
W i ck son and Thimann 19 58 ) .  In vi ew of  later  resul t s , it  

will be  sugge s t ed growth o f  e xplant s c e ase s  when the 

c arbohydrat e level availabl e for transport in asso c i at ion 

with the induc ed ac t ive growth c ent re , become s l imi t ing . 

I t  was al so shown in Experiment s 2 ,  3 and 4 that 
· the gibberell ins ( GA3 or GA4+7 ) were e ffec tive in stimulat­

ing inc reased stem growth of sho o t s  that had c e as ed growth , 

and in the abs enc e o f  ro ot s .  Es pec ially at a higher con­

c entrat i on ( 50ppm ) GA3 promo t ed extension growth , and i f  

appli ed before bud burst it  ac c elerat ed  the rat e o f  bud 
growth . The add i t i onal e xtension growth was mo s t  no t i c e­

abl e in the  int erno d e s  wi thin the sho o t ' s  apical bud , so  
that GA r e sulted  i n  about four more l e aves be ing detached 

from the apical bud . However exogenous GA s e emed· to  have 

a limi t ed and l o c al i s ed  e f f e c t  in inc reasing el ongat ion 

below the t i p , wi thout st imulat ing growth pro c e sses  at 
the apex . Thus during GA- induc ed growth there was no in­
c rease in the t o t al number o f  l eaves  and leaf primo rdia  

on  a detached sho o t ,  whereas in the fi eld there  was a c on­

t inued produc t i on o f  leaf primordia  at thi s stage o f  a 
sho o t ' s  growth . 

In detached  appl e; sho o t s , cytoldnins c onsi st ently 

enhanc ed primord ia  produc t i on ( J one s O . P .  1973 ) ,  but i t s  

effect  o n kiwifrui t sho o t s  was no t det ermined . So whil e  

one might sugge st  t hat in s ome re spe c t s  GA produc ed an 

effect ( i e .  growth ) that woul.d otherwi s e  b e  s e en in the 

pre senc e of  a ro o t  sy s t e1n , i t  did no t fully reproduc e the 

growth b ehavi our of a n  int uc t pl ant . To explain a simi l ar 
situat i on in willow , S�i th and Jare ing ( 1964b ) sugge s t ed 
ano ther ro ot-prod uc ed fac t o r  i s  al s o  rer.ui red , whi ch c an 

be produc ed by ac t i v e  ro o t  primo rdia . 
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addition t o  the young l eave s  b e ing a sourc e of GA' s ,  
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ro o t s  also  c an synthe si s e  them and th en export them in the 

xylem ( Carr and Heid 1968 , Car r e t  al . 1964 , Philli ps and 
J one s 1964 , ile id  and C arr 1967 ) ,  and the  reduc t i on in s t em 

growth following r o o t  p runi ng c an , i n  par t b e  overc ome 

by exogenous GA3 appl i cat i on . I t  appear s  likely that in  
the  kiwifrui t p l an t al so , g i bb e r e l l i n s  r eachi ng the  shoo t  

from the  ro o t s  contri but e t o  s t e rn e l o nga t i o n , but the 

l i t e rature indi c�t e s  one  should no t exp ect  a s impl e o r  

c l ear relati onsh i p  t o  e x i s t be tween GA l evel and stern 
growth ( Cro z i e r  e t  al . 197 3 , Z e evaart 1971 ) . That the  

gibberell ins GA3 , GA4 , GA7 , c aused only a t emporary 

r e sumption  of  growth , and a type  o f  growth which  showed 

d i fferenc e s  from t h a t in  '- 'n intnct  pl ant , is  a s i gn  that 
fac t o rs o ther  than G A  originat ing in the  ro o t s  are import­

ant in  s t em gro wth . Ab s en c e o f  t h e  ro o t s  means th e l o s s  
t o  t h e  sho o t s  o f  a s ink f o r  pho t o synthat es  ( Humphri e s  and 

French 1969 ) ,  and o f  a sourc e o f  cyt ok inins ( Si tton  e t  al . 

1967 ) ,  fac t ors which  c o u l d  al so  affect  sho o t  growth . 

In  consid e ring t h e  rel ; , t i onsh i p  o f  ro ot  GA ' s t o  

sho o t  growth i n  Phas e olus s e edl ings Cro � ier  and R e i d  ( 1971 ) 

int erpre t e d  th eir  re sul t s  as showing there i s  a re-cycling 
o f  GA ' s be tween the  sho o t s  an( i  ro o t s , with the ro o t s  
merely bringing abou t  an e s s en ·t i al int e rconversion  o f  sho o t­

GA . The involve�ent o f  ro ot  GA-metabo l i sm in  stem growth 

c ontrol i s  c ertain , but e luc i dation of i ts  prec i s e  role  

will  require furth e r  detai l ed examination . 

Thi s  d i s c u s s i on has ind i cat ed factors  in addit ion  
to  gibberellins aff e c t  sho ot growth , and they c ould i n­

c lude the g-owth regulators  auxin , absc i s ic ac id , and 

c ytokinins , which ma t eri al s  may int e ract  wi th each o th e r . 

Thus ABA will aff e c t  GA bio synth e s i s  ( Rail ton  and Ware ing 

197  3 ) , BAP marl<:edly ul t e rs the rat e o f  GA turnover ( Rail ton 

1974 ) , and the importanc e  o f  hormone balanc e in the c ontrol 

of sho o t  growth was stre s s ed by Shein and Jackson ( 1 971 , 

1972 ) .  
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G r o w t h  o f  i s o l at e d Rpp l c  sho o t s i s  p ro mo t ed by BAP , 
and al so by a c y t o k ini n e x  t rac t p repc.i.re d fro m ap pl e t r e e  
sap ( Jone s U . P . l967 , 1 9 7 3 ) ,  sugg e s t i ng ro o t c y t ok in i ns 
may b e  e s s ent i al f o r  shoot  groB t h . I n  t h e  pro mo t i o n  o f  

gro w t h  in t oma t o  s e e d l i ng s , . >.ung and By rn e  ( 1 9 7 6 ) f o und 

a p r i mary i n flu enc e o f  GA4 + 7 and BAP on t h e  rat e and 
d i r e c t i on o f  ero v1 t h  i n  t h e  a}) i c ul t i s su e s . .Rail t o n  and 
.Re i d  ( 1 97 3 ) a rgued t h at c y t o k i n i n s  t rans po rt ed t o  t h e  

sh o o t s w e r e  of  pri m e i m p o r t anc e in mai n t ai n i ng no rmal 
gro w t h  o f  t om::� t o  pl ant s , s inc e Bi�P c au s e d a part i al 
r e c o v e ry o f  s t em g ro wth o f  wat erl ogged plant s .  When a 

cyt o kinin was add e d  t o t h e  ro o t  med i a  o f  a numbe r  o f  pl 3.Ilt s 
i t redu c e d  t h e i r gro v. th , ;md h ad an e ff e c t o n  i n t e rno d e  
e l o ngat i o n  o p :; o s i  t e  t o  t rw t  o f  G A 3  ( d i  t t w e r  and D e d o l ph 
196 3 ) .  W i th i n t u.c t p l : ! n t s i t  l l u s  be en found that wh en 
appl i e d  in c o mb i na t i on , k i n e t i n  r e d u c e s  t h e e f f e c t  o f  GA3 
on s t em e longa t i on ( Sh e i n �nd J ac k s on 1 9 7 2 , N i t tw e r and 
D e d o l ph 1 9 6 3 ) .  ·rh e s am e  e f f e c t  was r e c o rd e d in Avena 
s t e m  s egment s by J on e s  :.1nd l< nu fman ( 1 9 7 1 ) ,  who foun d  
kinetin  ac t s  non-c ompe t i t i v e l y  w i th JA3 , and indi6at ed 
t h e s e  t w o  t y p e s  o f  h o rmon e t o g e t h e r  � o ul d mak e  � go ou 
sy s t em f o r  t :J e  C l) n t r-o l  of s t ..: 1 . gruwt h . 

The r e s ul t s  u s i n�C; s t e m c u  t t i l lg o f  lc i'vv i frui t s h 0 1'/ no 
e f f e c t  of a l ow c o nc en t r<.:. t i on J f  lc i n 8 t i n  al o n e . Ladc o f  
r e s po ns e  t o  a p � l i e d c y t o k i n i n  c ou l d  b o  d � e  t o  t h e  mark ed 
bas i p e t al mo v e m e n t  o f  t h e s e  sub s t anc e s , and t h a t  i t s  e f fe c t 
on a bud may be r e c o rd e d  o n l y  wh en pl ac ed d i re c tly in c o n­
t ac t  w i th i t  ( !:> 2.c h s  and 'rh i rnarm 1 9 6 4 ) . In  c o mb i na t i on 
w i th GA3 an inc re a s e d l c � c l  o f  c y t o k in i n reduc ed  the  GA3 
e f f e c t  on s t em gro w th . Fu r t h e r  t e s t s  w i t h  in c r e a s e d 

l ev e l s  o f  mo re s u i t abl e c y t o k i n i n s  w o u l d  a s s i s t in d e t e r­
mining any e ff e c t on e xpl.:.tn t  �ro w th , a l t h ough J o n e s 0 . P . 
( 197 3 ) fo und S •) lli \2 b ;.�t c h e s  o f  s h o o t s re s pond e d  t o  c y t o k in­
ins far l e s s  t �1 :1n o t h o r s . 'r h e  app l i c at i on o f  a s ingl e 
growth regu l a  t o r  fJ<�Y r e sul t in a bn o rmal d eve l o pment , and 
e s p e c i ally 'Nh e r e  G A  'N a s  :l p p l i e d  fro:n b e fore bud bur s t  t h e  

l e av e s  sub s e quently d ev e l o p i nc; w e r e unu sually narrow and 

pal e in c o l our . . . L e n  z e : <t i n r i bo s i d e or o t h e r  c y t o k i n i n s  
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were  s u p pl i e <l t o  i :.; o l:J. t e d < :. Jl p l e; sh o o t s , the  n ew sho o t 
growth was abn o rr:1ul , vii th �> �:1 · ,1 1 po o rl y d evel o ped l e avc s ,  
[,nd �� l i s ·n a s  a t t r i bu t e d t o  an i n <.::.d c r · u: L C Y  o f  s o me o t h ·2 r  
e s s ent i al fac t o r  ( J on c c  0 . 1 . l9u 7 , 1 97 3 ) . l�urt h e r , i t  

was no t surprL> inc t o  s 0  c t :1 : .  t : : c o r: t i nu o u s  s upp l y o f  G A  3 
fro� b e fo r e  bud bu r s t  s u p pr e s s e d all f l o ral bud d e vel o p­
ment . The g i b b e r e l l i n u  are po t en t  i nhi b i t o r s  o f  f low e r­
ing , and wh en :.:i.p}; l i e d at the  t i me f l o w e r i nduc t i on b egins 
wi l l  i nh i b i t  f l o w e r  f o rma t i on ( G r i ggs and Iwaki ri 1 9 6 1 , 
Junt t i l a  1976 , I·,Jon s e l i s e and Hal evy 1 9 6 4 ) ,  and in the  k iwi­
frui t f l o w e r  d i f f e r e n t i a t i o n b egins just  be f o re bud move­
ment in the  s pring ( Brund e l l l 9 7 5b ) . 

Aux i n  
Imm e r s i ng s t e HJ cutt in�s i n  lO pprn I AA did  no t promo t e  

growt h , and such a l nck o f  re s ponse c ould b e  at tributed  
to  a po s s ib l e  lack o f  ab s o rpt i on , al though I AA has not 
promo t ed s t em e l o ngat i o n  in o th e r  pl ant s ( Grunwald and 
Lo ckard 1 97 3 Ph i l l i p s l97l a ,  Sh e in and Jac kson 197 2 ) . 

The r e  i s  s ome i nd i c a t i o n  that I AA c ontribu t e s  to  s t em 
e l o ngat i on in intac t p l ant s ( C ri t chfi e l d  197 0 , Gunckel  

and Thimann 1 9 4 9 , Kat o and I t o  1962 ) e i th e r  al one , o r  in 
c o n j unc t i on with gibb e r e ll ins ( Grunwal d and Lo ckard 197 3 ) ,  
and in s t em s e c t i ons IAA promo t e s  e l ongat i on ( Brian and 
Hemming 1 9 58 , Kaufman 1 967 ) - but usual ly auxin has l e s s  
e ff e c t  o n  e l ongat i on than t h e  gibb e relli ns . 

In stud i e s  w i th s t em s e c t i ons , i t  has be en found 
that the  growth re s pons e t o  GA d e pend s on the availab i l i t y  
o f  auxin ( Brian and H e mming 19 58 , O c k e r s e  and Gal st on 
1967 ) ,  Al though when t h e  two are appl i ed t o gether IAA 
may suppr e s s  the  GA- promo t ed growth ( Kaufman 1967 ) .  

She in and J ac k son ( 1 9 7 1 , 197 2 ) wo rking wi th b e an plant s 
provided  some evid enc e that t h e  growth promo t i on o f. GA 
c an be inhi bi t ed by aux in ,  bu t in s tudying such growth 
i nt e rac t i ons found a great d i v e r s i t y  o f  r e sul t s  d e p end ing 
on the po int of ho rmo ne app l i c a t i on e t c . I t  s e ems very 
d angerous t o  re l a t e  plant growth t o o  c lo s ely t o  re s pon s e s  
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found in i so lated t i ssue piec e s . I f  the GA response 

do e s  require the prsenc e of auxin , thi s could explain 

why s t em sect io&s that are exc i sed , and so s e parat ed from 

the s i t e  of auxin produc t i on ,  are usually less  re spons ive 
to GA than in the intac t  plant . 

When the kiwifrui t expl ant s were t reat ed with PC IB 
the result s  were not as clear cut as they might have b e en 
due t o  the variability of  response in the relat ively small 

number o f  cutt ings obs erved . '.fhe result s  show that PCIB 
c ould allow sho o t s  to  elongat e i n  re sponse t o  exogenous 

GA , although they were l e s s  re sponsive in the presenc e o f  
the ant i-auxin PC I B . I n  intac t plants  and stem s egment s  

PC IB , a spec ific  auxin competitor , has been found t o  l ower 
the growth res ponse to GA , and thi s inhibi t ion has been 
partly removed by the addit ion o f  auxin ( Cleland 1964 , 

Kefford 196 2 , Wright 1968 ) .  The evidenc e for o ther plant s 
i s  that GA requi res  the pre senc e o f  auxin in o rder  t o  

st imulat e growth , and the resul t s  for  kiwi fruit sugg e s t s  

that G A  c an  stimulat e ext ensi on gro wth , but that the 
re s pons e is reduc ed in the pre senc e of a reduc ed auxin 

l evel . Thus whi l e  the applicat i on of cytokinin or auxin 
to d e t ached sho o t s  did not cause s t em el ongation,  they c an  

be s e en to  be invo lved i n  the GA-induc ed respons e , and s o  
support the i d e a  of  growth result ing from t �e int e rplay 

o f  a number of  d i fferent types  o f  growth regulator , and 

henc e by impl i c ati on , for different part s of  the plant t o  
b e  involved i n  the c ontrol of  ext ension growth . 

Carbohydrat e 

In observing the increase in explant shoo t  l ength 

fol�owing the appl ication o f  GA , the  amount of the extra 

growth vari ed , but overall t here s eemed to be  a fairly 

c onstant relat i onshi p between the increased growth and the 

initial l ength of the cutt ing . Thi s sugge st ed some charact­
e ri st i c  of  an ex plant set a limit on its growth respons e . 

The hardwood stem cut t ings that were often u s ed 
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vari ed somewhat in  size , j ust as did  the ext ent o f  the 

growth that r e sul ted  from them . #hen the ini t i al growth 
mad e  by Bruno cut t ings was compared with the est imat ed 

s i z e  ( volume ) of the explant preced ing growth , a c l ear 

l inear relati onship occurred ( lig . 1 3 ) .  Henc e the amount 

of new sho ot  growth was c o rrelat ed with , and perhaps 

de pend ent on , the amount of some fac tor  stored wi thin th e 

dormant stem t i s sue . Weighing showed the original cutt ing 

lost  d ry mat t er in support ing new growth , and thi s amount ed 

to  a moderat e l o s s  o f  its  own reserve s .  Pri e st l ey ( 1970 ) 

has similarly found that wo ody t i s sue loses  a c ertain 

mod erat e  pro port ion of i t s  dry weigh t , up to a c ertain 

maximum , in pro duc ing new shoot  gro..-.-th , and Ko zlowski 
( 1964 ) has no t ed til e primary importanc e of res erve c arbo­

hydrat e for sho o t  growth of many wo ody plant s .  In support­

ing vegetative growth there is a reduc ti on in the level 
of  sugars , starch , and hemic ellul o s e s  in the wood , and their 

depl e t ion i s  ra pid as the first  l eaves  exp�nd ( But tro s e  
196 6 , Prie stley 1970 ) .  Subsequently these  reserve s  are 

repleni shed in the early stages o f  sho ot  ext ension , and 
Hansen  ( 1971 ) ,  while  showing the impo rtanc e o f  res erve s 

in the very earl i e s t  phas e s  o f  spring growth , indicat ed 
the probably greater  contribut ion o f  current pho to syn­

the si s to  the s e ason ' s total fruit  and sho o t  growth . Thu s  
for many pl an t s  i t  c an b e  d eu10nstrat ed that the do rmant 
wood  c ontains res erves  that can be  mobilised  to  support 

new ext ension gro'Nth . In d et ached stem sect ions the amount 

o f  new growth i s  l i mi t ed , whereas in an intact perenni al 
plant with the add iti onal sto rage capac ity o f  th e ro o t  

sys t em ,  and long-c ont inued pho to synthe s i s ,  considerabl e 
sho o t  elongat i on c an oc cur . U s ing grape cutt ings , Buttrose  

( 1966 ) found t hat i f  they had no t devel oped roo t s  be fore 

bud burst , the  ext ent o f  the new growth was great ly 
retarded , and thi s sugge sts  the r o o t s  were a sourc e o f  
growth regulat ors tlwt c aused a more effe c t ive ut i l i sation 

o f  the se re serves . 

GA-induc ed s t e� el onga t i on in kiwi frui t expl ant s 
did  no t result  in an increuse  in the total dry weigh t  o f  
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t h e  sho o t  t i s sue , but there was  a change in the d i s t r i bu­
t i on o f  dry w e i ght within t h e  shoo t , ( Table 3 ) .  H enc e 
exogenous GA d i d  no t mob ili s e  an inc r e a s e d  l evel o f  
r e s erve s  from wi thin the o riginal cut t ing ,  but rather 
t rans fe rred dry weigh t  from t h e  l e af t i s sue to  support 
t h e  ext ens i on gro wth of  th e s t ern . 

Simi l arly when th e c arbohydrat e l eve l s  in t h e  
o riginal cut t ing w e r e  d e t e rmined ( Table 4 )  i t  w a s  found 
s t arch re s e rv e s  fell  in su�po rt ing the  init i al bud grow th , 
but that no furth e r  l o s s  o c curred aft e r  a p e riod o f  GA­

i nduc e d  growth . �l s ewhere  i t  has b e en r e c o rd e d  that whe r e  
e xogenous GA  inc r e as e s  sho o t  e l ongat i o n , there  i s  no 
inc reas e  in t h e  we ight o f  the  plant s s t em t i s sue ( Powell  
et  al . 1 9 59 , Sh ein and J ac k so n  1 97 1 ) ,  and wh ere  an inc r ea s e  
i n  th e dry weieht o f  t h e  pl Eillt ' s t o p  h a s  o c curred th i s  i s  
usually a s s o c iat ed wi th a r educ t i on i n  t h e  ro o t  d ry w e i gh t  
( Brian 19 5 9 ) . Th i s  al so  ind i c a t e s  an e f fec t o f ,  o r  r o l e  

for , GA in changing the d i s t ribu t i on o f  C-as s i mi l at e s  whi c h  
may then c ontribut e t o  the r e su l t ant increased s tem ext en­
s i on growt h . !:>uch an e ff e c t  of GA3 on the movement o f  
pho t o syn t ha t e s  i n  f::r D. p c  pl : m t s  was d e :n o n s t ra t e d  by Qu i nl an 
and H e av e r  ( 1 970 ) , and l': and a  and Purohi t ( 1 96 5 )  sugge s t ed 

a ro l e  for  GA i n  inc reased ext ension gro wth through t h e  
mobi l i sat i on o f  s t arch re s e rv e s . Lu i s  and Guard iola ( 1 9 7 4 ) 

found GA3 i nc r e :1 s cd t ran s p o r t  and mobili sat ion o f  re s e rv e s , 
and c onsid ered th i s  eff e c t  t o  r e s u l t  from t h e  GA inc r e as i ng 
the c apac i ty o f  th e  

Whi l e  in s o mo 
c an d i r e c t ly promo t e  
enzyme synthe s i s ,  i t  

sho ot t o  a c t  u s  ::.1 s ink for nut ri ent s .  

sy s t e ,Hs i t  i s  c l e, ar that gibbe rell ins 
s t arc h hy d r o l y s i s  by t h e i r  e f f e c t  o n  
is  l e s s  c e rtain that such an e f fe c t  

o c curs i n  gro� ing pl nnt s . Skene  ( 1 971 ) c o nc lud ed that 
starch d i s solut ion aft e r  wint e r  r e s t  i s  brough t about  by 
an ac t ively-gro vving ca.nb iu.n , and so  any e f fe c t  of G A  

would b e  o th e r  th�n d i r � c t ly i n  r e l ut i o n t o  s t arch 
d e gradat i on .  'r:1 i s mts su p p o r t e d  by the ab s enc e of any 
promo t i o n  of  sugar r 2 l e a s e  f r o m  s t e m t i ssue o f  grap e s  by 
GA3 , wh e r e as aux in ·.·m s v e ry e f f e c t i ve in d o ing so . Simi lar 
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ob s ervat i ons vJ e r c  :n:..td c n i th � �p �!l e sho o t s  ( Pi eni azek  and 
San i ewski 1 96 3 , J an i  c w s ld and Pieniaz ek 1 9 7 2 ) ,  and t h e s e  
autho r s  al so b e l i eved aux in i n i t i a t e d  t h e  d egrad at i on o f  
s t o red c arbohydrat e s , and t h a t  thi s proc e s s  was sub se­
r, uent l y  enhanc ed in t :te  pre s enc e o f  gibb ere l l ins . Bri an 
( 19 59 ) b e l i eved �uxin and g i b b e r e l l in int e rac t ed in t h e  
c o n t ro l  o f  sh o o t gro w th . 

I t  i s  S U[;f: C s t; c d t h <.. l t  i n  kiwi fru i t  e x pl ant s , gib­
b e r e l l in int e rac t s  w i th aux in t o  mo b i l i s e  c arbohyd ra t e s  
that ar e re n,ui red f o r  c e ll ex t en s i on s o  that wh en aux in 
l evel  fall s ,  t h e  GA is  l e s s  e ff e c t iv e . In  t h e  int ac t 
plant t h e  roo t s  'Nould con  tri but e t o  t h e  supply o f  gibberel­
l in s , whi ch is  n o rmal ly ad e qunt e , and s o  there is  no 
r e s pons e t o a GA s pr ay . T h e  GA-re sponse  o f  th e explan t s  
then  c e a s e s  a t  a l imi t d e t e rmined b y  t h e  c arbohydra t e  
avai l ab l e  for rno bi l i s at i on , f o r  only s o  muc h  i s  availabl e 
for r e- d i s t ibu t i on wh i l e  al so maintaining a t i s su e s  
int egri t y  ( Pri e s t l ey 1 970 ) . 

Exo genou s cy t o k inins c an mo d i fy the  GA-respon s e , 
and endogenous c y tok inins al so are l ik ely t o  c ont ribu t e 
t o  sho o t  growth e i ther  by maint aining meri s t emat i c  ac t i vi t y  
i n  t h e  api c al regi o n , o r  by e xert ing t h e i r  e ff e c t  through 
such o ther hormo n e s  as aux ins o r  gi b b e rell ins ( Luckw i l l  
and Why t e  1968 , llai l t on 1974 , Rai l t on and H e i d  197 3 ) .  

Whi l e  the gibb e r e l l ins c an af f e c t  c e ll  d i vi s i on in t h e  
sho o t  t i p ( Greu l ac h  1 9 58 , Sac h s  e t  al . 1 9 5 9 ) the c y t okinins 
may hav e  a ma j o r  ro l e  th e r e , and i n  i s o l at e d  app l e  sho o t s 
have promo t ed l e af produc t i on ( Jone s U . P .  1973 ) .  In 
the kiwi frui t explan t s  t h e  ab s enc e o f  roo t s  d eni ed t h e  
s t ems such a c o at inu ing sourc e o f  c yto kinins , and c ould  
ac c ount for the  ab s enc e  o f  further l e af primo rd ia produc t 
i on during the  GA- induc ed st imulat ion o f  e xt en s i on grow th . 
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� e c t i on 2 

Kiwi frui t Vine �ap 

A very no t i c e abl e charac t e ri s t i c  o f  thi s plant 
is the strong sap flow that oc curs each $ Pring , wh ich 
r e sul t s  in heavy bl e ed ing from any fre sh wound s .  The 
s i gnif i canc e of this flow , and i t s  cont ent s ,  t o  the  
growth o f  the  vine  is  no t c l e ar , but i t  i s  u sually c on­
s i d e r e d  import ant t o  avo i d  exc e s s  l o s s e s  at thi s t ime . 

At various t im e s  i n  the spring bl e e d ing s ap was 
c o ll e c t ed by u s ing s e c at eurs to remo ve a sho o t , and 
c o l l e c t ing th e e xud ate  from the cut surfac e by plac ing a 
rub b e r  tube ove r the  s tump and l e ading the  sap through 
a gl as s o r  rubb e r  tube i n t o  a c l e ar pl astic  bag . The bag 
was changed ,  usual ly at o n e-day interval s ,  and th e c o l l ect­
ed sap  immed i a t ely fro z e n  and s t o red in the d e e p · fre e z e . 

A.  Sap Flow 

In a pr e l iminary o b s ervat i on in 197 2  us ing e s t a­
bli sh e d  vin e s  o f  Abbo tt growing at Levin and t rained on a 
mul t i-wire  sys t em , i t  w a s  c l e ar substantial quant i t i e s o f  
sap c ould b e  o b tain e d . Un 4 S e p t ember  mo s t  bud s were  
emerging , and a small numb er o f  o ne-year o l d  sho o t s  were  
remov e d . During d ay l i ght o f  the first  day , sap fl ow 
was c onsi s t en t ly c l o s e  to 9cc/hour/cut sho o t , although 
by the  9th day it had fal l en to 0 . 5c c . 

( a )  Sap flow 197 3 

The sam e  plant s were furth e r  obs erv e d  in 1973  

although occas s i onal lo s s e s  o c curred through l e akage . 
Sho o t s  removed on 27 or 28 Augus t  wh en only the t e rminal 
bud was moving , in some c as e s  had very l imi t ed bl e e d ing 
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in the first  2 4  h ours . Fre sh sho o t s  were removed for sap 

coll ect ion on 1 4  S e  ()t ember wh en many buds were at the 

open clu s t er s t age ; al s o  on 25  Se pt embe r , when mo st 

sho o t s  were 2-9cms long ( longe s t  o n e s  2 5- 28cms ) ;  and 

and finally on B O c t e> b e r  some 5 we2ks  b e fore full bl oom , 
by which t ime t h e  o lde s t l e c:.ve s w e r e  ::Llmo st fully expanded . 

lst  c o l l e c t ion 27 Aucu.s t ·r i p  bud s advo.n c e d  bud swell 
2nd 1 0  :J e p t . : . : any bud s burst 

3rd 1 4  S e pt . J.1o s t  bud s at o p an c lust er 
4th 2 5  ::J e p t . � h o o t s  r i io s t ly 2-9cms length 

( l o v1 e r  l at eral s a t  bud burst ) 
5th 8 Oc t . P i v a  we elc s  be fore full bloom 

Re sult s :  

Flow rat e s  for e ach cu t shoot , at each harvest  

dat e ar e shown in  F i g . 17 . 

I t  i s  c l ear t h c,t wh ile  c ertain patterns are 

apparent , me an values o f  s ap flow are mi sleading due to  the 
c onsiderabl e  v2ri a t i on i n  sap flow rat e s  from sho o t  t o  

sho ot  - thi s V8.r i 2t i o n was smaller two o r  thre e days aft er  

removing the shoo t .  

With  the  earl i e s t  harve s t  daily sap flow inc reased aft er  
cutt ing , but with subsequent harve st s , flow rat e s  fell  

o ff t o  very low vulues  by t he third day especi ally with 
the  final harve s t . 'rhe 6-week period sampled was virtually 

the who l e  of the period th e cut sho o t s  bled freely . 

Flow rat e s  were lowe st  in the  first harve s t  i e . 

immediately b e fo re ; and at the time o f  bud burst .  'rhey 

ro s e  to a peak in the 14 and 25 Sept ember harv e s t s  i e . 
when the sho o t s  were at the open cluster stage or were up 
to 9cm long . 

In an att empt to  relat e sap flow to weather 

cond i t i ons , air t emperature and rainfall reco rds  were 

studied . 
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A i r  t emperature 
Ove r  the  period  August - October  mean daily 

t empe rature f luc tuat ed widely , but by t aking half-monthly 
periods  it c an be s e en ( Fi g .  18 ) the curve fo r s ap fl ow 
c l o s ely paral l e l s  t h e  half-monthly mean air t emp e ratur e : 

27 August Harv e s t  1 10°C Sap flow l ow 
10 S e pt 2 ll °C " l l  r i sing 
14 S ept  3 1 2°C " " maximum 
2 5  S e pt 4 13 °C 1 1  " high 

8 O c t  5 1 3°C 11 " d e c lining 

Such a relati onsh i p  i s  no t surprising as one might 
e xp e c t  vine d ev e l o pment to be c l o sely r el at ed to  t empe ra­
tur e . In the mapl e i t  i s  s ugee s t ed that no rMal t empe ratures  
o f -3 .  9°md 5°C '  ac c o mpany the b eginn i ng and end r e pe c t i  vely 
of s ap flows , and that s e asonal d e parture s  from no rmal 
are r e l at ed t o  s e asonal s ap produc t i on ( Morrow 1973 ) .  

Rainfall 
A peri o d  of c onsid erabl e rain ( great e r  t han the 

30 y e ar average ) app e ared t o  c o inc ide with the great e st 
sap flow . 

During August 84�m o f  rain fell , and e arly sap 
coll e c t i on were l ow . During the first  day ' s c oll e c t i on 
from the third harvest  ( 14/9 ) t h e re was 16mm o f  rain , but 
while  there was c l o s e  t o  30mm during the s e c ond day o f  
ble eding ,  thi s d i d  no t prevent flow rat e s  from falling 
mark edly . S o  whi l e  t h e  h i gh rainfall may have contribut e d  
t o  the high sap f l o w  rat e s  in m i d  and late  S e pt emb e r , i t  
d o e s  no t s e em l i kely i t  played a ma j o r  part . 

S everal one-y e ar old Abb o t t  plant s in the f i eld had 
b e en t rained as two- sho o t  plant s and on 2 5/9/73 14 pl ant s 
had both sho o t s cut c l o s e  to the  ground , and 18 had only 
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one sho o t  remo ved for bl e e d ing - the r emaining one b ear ing 
n e w  shoo t s  o f  about 6 cms l ength . 

Flow rat e s  showed c onsi d e rabl e vari ati on b e tw e en 
plan t s ,  but t end ed t o  b e  high e s t  in tho s e  plant s furthe s t  
advanc ed in d e v e l o pm ent , and i n  D ay 5 the flow o f  bl e ed ing 
s ap had c e ased  from mo s t  of  t h e  part i ally- d e c ap i t at e d  
plant s .  Al though n o  record was mad e o f  sho o t  s i z e  t h ey 
w e r e  all o f  c o mparab l e  s i z e , and t h e  d i fferenc e in s ap 
fl ow r e fl e c t s  th e d i fferenc e in t h e  amount· o f  wood c ut . 

c c  

P e r i o d  
!'.le an 

D e c ap i t at ed R ange 
Ivi e an 

+ Sho o t  Range 

( b )  Sap flow 197 5 

s ap/cut/2 4  hours 

0 - 2 4 2 4  - 48 
1 0 4  1 51 

26-20 5 6 5- 311 

58 84  

17-17 4  3 1 - 1 9 2  

9 9  - 1 2 3hrs 
86 

40- 1 6 4  
1 5  

0-1 27 

In the s pring o f  197 5/6 bl e eding xyl em sap was 
c o ll e c t ed from 3 y e �Lr old Abb o t t  vine s gro wing at Mas s ey , 
and r e c o rds  k e p t  o f  s ap flow . As in the past , s ap was 

c o l l e c t ed at about 9 .  30  each ;;w rning and fro zen in a 
plas t i c  bag . On each harv e s t  dat e each o f  the two m�in 
s t ems of two pl �nt s were  cut o ff , ru1d the s ap c o ll e c t e d 
through a rubber  tube . 

In e arly August u. S JI:all sap l o s s  oc curred from 
old cut s on the vine s , and shortly af t e r sa npl ing b egan , 
usuall y  for 5 d ay s : 



Harve s t 
No . Dat e 
l 1 2/8/7 5 

2 2 5/8/7 5 

l, 4/9/7 5 ..J 

4 1 2/9/7 5 

5 1 8/9/7 5 

H e sul t s : 
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S t age o f  v i n e  �rowth 

l'fo bud m o v e m e n t  s e en . 

F i r s t  2 - 3  bud s j us t spl i tt i ng out o f  s t em . 
� i p  bud s at ::,(l v:' nc e d  bud bur s t , mo s t  o th e rs 

o.t < �dvD.J lc e d  sv; e l l . 

'l' i p  bud s c�t t i gl: t c l u �; t e r , r.1o s t  o t b c r s  at 
ad v · · � 1 c e cl  bu J bu r s t . 

..i! i p :-J · t ;) p C ::1  c l u : > t e r , ::!o s t  o tl e r  bud s 2.t 
adv :·'.J l C c J  buJ bu r s t  - t i .:;h t c lu st e r . 

'l'h e  fl o ':: rctt e f o r  e :1.ch c u  (; sh o o  l; at e ach harv e s t  

d at e i s  s h o ·.�m i n  I� i c . l _l ,  i n  ·:;h i eh i t  c 0.....'1 b e  s e e n :  

( i ) At e ach h arv e s t , s a p  fl o w  var i e s  �r c u.t l y b e t w e en 

pLtnt s , and b e t we e n sho o t s  on t h e  o n e  pl t.mt . Vari at i on 
w a s  l e a s t  a t  t L e  f i r s t harv e s t . 
( i i ) U sual ly fl o '.·: rTt e s  ro s e  t o  n p e n1c d ur i ng t h e  th i rd 

d ay aft er d e c �q•i  t �.t i on , � .nJ then d c ::.: l i n e d . Thi s 'i s al s o  

shown i n  l<' i � . :?0  ::h e r e  t l . e t o  t 2.l bl e e d i ng s a p  fl o w  rr:·. t e 
in mch c as e  i s  r � l �� e d  t o � un i t  s i z e  o f  cu t s t em - but 

using a c t ual f l o ·, :  r· t e s  prrJ duc e ::: t h e  s ame pat t e rn . 

( i i i ) S ap f l o v1 r o : ; c  t o :-.;. p c ::tlc < :. t t h e  s e c ond h <.Lrv e s t , :md 

then d e c l ined a �  d e v e l o pm e n t � r o �r e s s e d , ( Fig . 20 ) . 

'.Vhen o t�1 er  v in e ::;  \ / C l' e  c u t  30/9/7 'j ,  m<J.Dy d i d  no t 

ble ed , but vi n e �-; o f  o t h e r  l �Lt e r-d cvel o ping vari e t i e s  c ut 
at thi s t i 8e bl e d  h e �v i l y . 

Th e pat t e rn o f  s t:.p f l o rt h e ::ce  vari ed from that 
rec o rd e d  in 197 3 . L1 the  3 prin�; o f  1 97 5/6 p e ak flow rat e s  
o c curre d  earl i e r  i n  t h e  s e � s o n  n t  an e arl i e r  s t ag e  o f  
d ev e l o pment , and ::.t the fin::t.l 1: <- trv e st hCid fal l en t o  l ow 
value s - t h e  s t ·1t: e  'JI:hi ch i n  1973  gav e  the h i gh e s t fl ow 

rat e s . 'l'h i s  d i f f e T cnc e i ::: p r o b ably r e l at ed t o  the s ampl i ng 

me tho d used , D.nd t h e  l �r�e var i ut i o n in d e ve l o pment over 
t h e  v i n e s  u s e d i �  1973 . S ap c o l l e c t i o n s  t h e n  we re t aken 
from the  up p e r t i e r o l' main l t.Lt e ral s , t h e  sho o t s  on whi c h  
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w e r e  about two w e e k s  ah e ad o f  d ev e l o pmen t o n  t h e  l o w e r  t i e r .  

I n  c on s i d e r ing �my r e l : " t i on shi p o f  sap fl ow · t o  

w e ath e r  c ond i t i on s  o n e  sho u l d  no t e  th e f oll owing . 

T empe ratur e . 
S o i l  t e mp e r o.  ture ( :- tt l O c u  d e p th ) in an ad j ac ent 

f i e l d  ro s e  from :..�b o u t  6 °C a t  the t i me o f  the f i rs t harv e s t , 
t o  8°C pri or  t o  t h e  s e c ond harvest  peak ,  and reached 9° -
10°0 during the f o l l o wing harv e st s o f  declining sap flow . 

See Fig . 21 . 
B e fo r e  t h e  f i r s L s a p  c o l l e c t i o n  nir t emp e ratu r e s 

w e re v ari abl e , bu t t 'r 1 e  t r end w::. s  fo r t eJil p e r:..l t ur e s  t o  r i s e  

from about the t i!.ie o f  t h e  ;. e c ond harv e s t  v i z . from a 

m e an o f  around 8 . 4 °C U}) t o  2 3  Aut;u s t , and t h en ll °C in 
the fo ll o winc w e e k . 

Rainfall  
A mo d e r �' t c C!.l:JOUJlt o f  rain f e l l  i n  m i d  Au[:,rus t  wh i c h 

c ou l d  hav e  e n s ur e d  c:.d c ·uat e . i !O i o ture s upply t o  sup p o r t  

an y  d e mand s r:1u.d e b y  t l l e  h i :::;h s ap fl o v; at t h e  s e c ond 

h arv e s t . T h e  v e :cy h e avy r a i n  o n  2 7 , 28  Aut...,ru s t  d i d  n o t 

app e ar t o  inc r e u. s e s arJ fl ov; on t_ :o s e  d ay s , o r  t o  pr event a 
decline i n  flow r::tt c at t h e  t h i rd h arv e s t . 

Pl ant c harac t e r i s t i c s 

Bri e f  r e f e r enc e h <..�s  b e en ; ;1'' d e  t o  t h e  s t age o f  

plant d ev e l o pmen t  n s  r c l : . t �..- d. t o  sap fl ow r :J. t e s , ancl i n  

add i tion a r e c o rd w a s  k e p t  o f  t h e  s i z e  o f  e ac h  sho o t  a t  

the point o f  r emov al . 

As suming a c i rcul ar c ro s s - s e c t i on , t h e r e  app e ared 

t o  be  a po si t iv e c o r r e l:.. :.t i o n  b e tw e e n  fl ovv rat e and s i z e  
of the cut surf ac e ,  �h en e x pr e s s ed a s  e i th e r  the surfac e 
area or sho o t  c i rc umf e r enc e .  Thi s was shown for day s  1 ,  2 ,  
and 3 following d e c api t at i on wh e r e  the apparent l inear 
relat i onship  appl i e d t o  all e xc e pt t h e  4 th harv e s t . The 
relationship  varied betwe en e�ch harv e s t  dat e , the slope 
b e ing lowe s t  for t h e  fi r s t  harv e s t , an d  gr eat e st for the 



s ec ond one - u refl ection  o f  the ch[illge  in ac tual flow 

rat e .  The rel :..'.. t i onship for any pL:.mt remained the snme 
throughout the p8riod  of o bserv��t i on . Flow rat e aprJ e ared  
no t to  be  relat ed to  t�e  he igh t  above ground o f  the  cut 

surfac e .  

Diurnal flow rat e s  

At the t ime o f  the 4th and 5th harve s t s  on 1 2  and 

18 :3 e pt ember re spec tive ly a singl e-sho o t  plant was 

d e c ap itated , and sap c o l l ec t ed usual l y  mo rning and even­

ing . Unfortunat ely  the ir flow rc. t e s  were  relatively low , 
and the  infre n uent c o l l e c t ions d i d  not per::ni t a clear 
indi c ation o f  any d iurnal fluc tuat i ons . On Ino st  days  

flow  rat e was a l i t t l e  higher from 9am - 5pm than from 
5pm - 9arn.  

When two plants  were  decapitat ed on 17/8/76 when 

only t erminal bud s were mo ving , and the sap coll ec t ed over  
3 day s , a peak flow rat e was recorded around no on each  
day usually in  the  p e riod  1 2 3 0  - 1 530  hours . 

Decap i t at i on o f  a plnnt as done for these  sap 

coll e c t ions did  no t prevent it  from produc ing strong new 

sho o t  growth . lilo s t  plant s that had been bl ed had a new 
sho o t  emerging by the end of Se pt ember , and all stumps 

had produc ed s everal st rong new sho ots  by mid November . 

Thi s was in spi t e  o f  the large quanti t i e s  o f  sap lost , and 
the marked blackening and necro s i s  o f  the bark where s ap 

had flowed down over i t . Similarly on vine s where some 
lat eral sho o t s  had b e en r emoved eg . for graft ing , ble eding 

produced bark damage but did  no t prevent new growth 

oc curring . Ble e d ing from a cu t delays the growth o f  bud s 

on the  cut shoo t ,  c ompared wi th tho se  on uncut sho o t s . 
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R Sap Growth Regul ators 

It may well be  universal for pl ant sap to c ont ain 

a number o f  growth regulat o r s , s ome o f  whi ch c ould have 

b e en s ynth e s i s ed i n  the ro o t s , and the s e  hormon e s  no 
doubt c ontribut e t o  the c ontrol of gro wth and develo pment 

in all part s of the pl ant . By d e t e rmining growth regulator  

ac t ivity i n  the s pring s a p  flow a t  d i fferent s t age s o f  
d ev e l o pment , i t  w a s  ho p ed t o  gain some i d e a  o f  the i r  
p o s sibl e  c ontribu t i on t o  growth c on t ro l , e sp e c i ally th e 
influenc e o f  ro o t  h o r.:10ne s o n  th e t o p  o f  the plant s .  

Us ing the s ap c o l l e c t e d at bud burs t  on 4 S e p t emb e r  
1972  from e s tabl i shed  pl :�nt s a t  Levin , prel iminary t e s t s  

inv e s t iga t e d  the po s sibil i t i e s  o f  d e t ec t ing gibberell in 
and cytokinin �c t ivity in t h e  sap . 

Wi th a s t and ard extrac t i on pro c edure and b i o as s ay 
( us ing the barl ey end o s p erm and rad i sh co tyl edon t e s t s ) , 
ac t ivi t y  i n  sap extrac t s  c ould b e  d e t e c t ed after  pape r  

I 
chromat ography . I t  was al so  po ssible t o  detect  gibberellin 

activit y  following gradi ent e luti on from a silicic  acid  
c olumn . 

Thi s work ind i c at ed the ac i d i c  e thyl ac e t at e  phas e  
c ontained gibb erell i n-l ike sub s tanc e s  which ran to  Rf 
0 . 6  - 0 . 8  on paper with the s o lvent i so pro p anol-ammonia­
wat er ( IAW ) 8/1/1 . When the sap extrac t was eluted t hrough 

a silicic  ac id c olumn with a e t hyl ac et ate/n-hexane mixture , 

gibberellin-like ac t ivi ty was l o c at e d  in frac t i ons 14-18 

( elut i on volume 6 50-900cc ) .  The s e  frac t ions were elut ed 
with a mix c ontaining 4 2-6 5� e thyl ac etate , and c omparison 

with GA3 standards ind i c at ed a total equival ent act ivi t y  

o f  l . l ;ug/litre o f  sap . 

A l imi t ed number o f  b i o as say s  w i th rad i sh c o tyl edons 

indicated the p re s en c e  of cytokinins but the re sponse was 
vari abl e .  

W ith thi s  background , o b s e rvat ions w ere  c ontinued 
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in  following y e cr s . 

Methods . 
Sap v; a s  c o l l e c t ed u.nd iii1�l ed i at ely fro z en , i t  vvas 

then st ored in the d e ep fre e z e  until  it was fre e z e-dri e d  
The extrac·tion method then u s e d  i s  shown i n  Fig . 22 . 
Re-di s t i l l ed solvent s were u s e d  throughout . Extract i on 
and det e rminu t i on o f  hor:11one a c  t i  vi ty in sap extrac t e d  
from the kiwifruit  vine i n  the spring o f  1973 was almo st 
i d enti c al with the �ethods  us ed in the previous y ear . 

( i )  Gibberellin-l ik e  ac t ivity 
The ac idic  e thyl ac etat e extrac t was brought down 

t o  dryness  on a ro t ary evaporat or .  The dry res idu e  was 
t aken up in absolut e me thanol and an ali quot ( usually 
e quivalent to about 2 5-60cc o f  sap ) streaked  on pre-run 
chromatography paper Whatman No . 3f.-JM . The d e s c ending 
chromat ogram was u sually run in i so propanol-ammonia-wat er 
10/l/l ( IAW ) ,  dri ed and cut into 10 Rfs for bioas say .  

A_c idic  ethyl ac e tat e has frenuently b e en used t o  
remove gibberellin from aqueous s olut ion , but �on e s  ( pers . 
c omm ) has obtained great er rec overy from appl e tree  sap 
wi th the use of butanol . Inhibit ors o f t en part i t i on with 
the gibberellins , including ABA which int erferes with GA3 
i n  the barley end o sperm bioas s ay ( Chri speels  and Varnur 
196 7 ) - although it ' s  l evel in kiwi fruit sap is l ow 
( Davi d s on and Young 1973 ) .  

Bio assay 
Gibberellin-like  ac tivi ty was d e t ermined by the 

barl ey endo sperm bioas say ( Jones and Varner 1967 ) ,  usually 
using the Cro p R e s earch Divi s i on ( Linc o ln )  Research vari e ty . 
Dehusked barl ey s e e d s  were soalced in wat er at 3°C for  24 
hours , then cut into uni form halve s wi th whi t e  cut surfac e s  
ready for use . Bach Rf strip was plac e d  in a 2 5c c  Erl en­
meyer-flask wi th 1 . 5 c c  d i s till ed wat er , l�g chlo ramphen­
i c o l  and thr e e  endo sperm half- s e ed s .  The flasks were 
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seal ed and incubated in high humidity in the dark at 
30°C for about 48  hours . On e ach occasion a replicated  
s er i e s  o f  GA3 standard s was al s o  incubat ed with blank 
pape r  strip s . Four replicates  o f  each standard solut i on 
was used , and two or three sampl e repl i c at e s .  

Aft e r  incubat ion 1 . 5cc  o r  2 . 5cc wat er was added  t o  
each flask , and a 2cc  aliquot put in a t e s t  tube . Aft e r  
adding 2cc  o f  fre sh d initro sal icylic ac id reagent ( Mi ll er 
et  al . 1960 ) the t e st  tube was plac ed in a boiling wat er­
bath for 8 minut e s , and then c o oled . As required , a c on­
stant volume o f  wat er was then added to each , and the 
abs orbanc e at 640� measured on a Hi tachi spectropho to­
m e t e r . 

( Re agent mixture : D i ssolve 4gm NaOH in 200 c c  d i s t illed 
wat e r .  Then add and d i s so lve 4gm 3 ,  5-dini tro salicyl i c  
ac i d , 0 . 8gm phenol . 0 . 20gm sod ium sulphite and 80gm 
po t a s s ium tartrate . Make up to 400cc , and filter ) . 

In some ins tanc e s  the ac idic  ethyl ac etat e  phase  was 
further purifi ed before bioassay , and an att empt made t o  
make a s e parat ion be twe en s ome o f  the gibberellin-like 
substanc e s . Thi s involved the use o f  a gradi ent-elut i on 
technique , but unlike the preliminary work , the extrac t 
was first elut ed from a 0ephad ex column . 

Column purific at ion on Sephadex 
The ac i d i c  ethyl ac etate extract was purifi ed on 

a Sephadex c olumn , foll owing the method of  Cro z i er et al . 
( 1969 ) ,  exc ept that Sephadex Gl 5 was used ( Reynolds  1970 ) .  
20gm o f  Sephad ex was swell ed in pho s phat e buffer , and a 
slurry settled into a 2 x 1 5cm c olumn by eluting 7 5c c  of 
O . lM pho sphat e buffer . A paper d i sc was plac ed on top  
of  the  packing 0 . 3c c  blue d extran dye  washed into a c o lumn, 
and then the s ampl e was added . 

The dry sampl e was taken up in O . lOM pho s phate 
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Extract in lOOcc  8o% MeoH 48  hours 3°0 . 
Filter . Reduc e t o  aqueous soluti on 

ad just pH 8 . 1 
with KOH 

Aqueous phase 

Part i ti on 2 x equal 
vol . petroleum ether 

Aq ueous ether phase 
D i scard 

Ethyl ac etat e 
phase 

Biolssay for 
gibberellins 

pH 2 . 5  

Part i tion 5 x t 
vol . ethyl ac etat e 

Aqueous phase  

pH 8 . 0  
Part i t i on 3 x t vol . 
wat er-saturat ed n-butanol 

Aqueous phase n-butana,l phase  

Bi o assay for  cytokinin 

Fig. 22 Extract ion o f  Gibberellins and Cytokinins 
from Sap 
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buffer , and added to  the c olumn in l . 5c c  s olution . 

Elution o f  the column then pro c e eded w i th O . lM buffer , 
at l . 5c c/minut e from a Mari otte  flask . Aft er the . dye 
had been elut ed the next l 50cc was collected , ad jus t ed 

t o  pH 2 . 5  and part i t i oned with ethyl ac etat e . ( In a 

prel iminary t e s t  there was no ac t ivity in the elution 
vo lume 1 50 - 3 50cc ) .  

Thi s  ethyl ac etate  extrac t was t aken down to  

dryne ss , then taken up in a small ouanti ty o f  methanol 

and put on an absorb ent chromat ographic disc  for gradi ent 
eluti on .  

Separati on on a silica  gel c olumn 

The sap extrac t was elut ed through a silic ic  ac i d  
c o lumn ac c ording to Powell and Tautvydas ( 1967 ) ,  although 

a s imilar technique has been used by o thers ( Cro zier  e t  al . 
197 2 ,  Gaskin et al . 197 3 , Khal i fah et  al . 196 5 ,  Powell et 

al . 1969 ) .  

First , 64gm dry ac id-washed s ilicic  ac id ( 1�B ) 8 0-
100 mesh was hydrated with 4 3c c  0 . 5M fo rmi c ac id , and mixed 

over l-2 hours to  give a free-flowing powder . Thi s was 

slurri ed with n-hexane satur�t ed with 0 . 5M formic ac id , 

and packed into a co lumn 28  x 2cms , care be ing tak en t o  
remove air bubbl es . Then lOOcc of  the formi c- saturated 

n-hexane was pass ed through the column .  The d i sc contain­

ing the dry extract was held on top  o f  the co lumn by glass  

beads , and eluted w i th an increasing conc entrat ion of  

ethyl ac etat e  in  n-hexane in  the  following manner .  

Two glass  ve s s els  were j o ined a t  the base by a 
tube and stopcock . The first ve s s el c ontained 4 20cc  

0 . 5M formic ac id-saturat ed ethyl ac etat e ,  and fed into the 

s e c ond vessel con taining 6 00cc  0 . 5W formic-aci d  satur­

at e d  n-hexane . A magnetic  stirrer gave c onstant mixing , 
and under eravity the mixture was passed to the top  o f  the 

s i l ica  gel c o lumn . In thi s way the sa.mple was eluted 
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with an increasing conc entration  o f  ethyl ac etat e at 

2 . 5c c/min . 

The 20 x 50c c frac t i ons were collec ted , dri ed in 
the vacllum oven for at l east  36 hours , and the e xtrac t s  

then t e s ted i n  a bioassay with barley endo sperm .  

( i i )  Cytokinin ac tivity 

The aqueous and n-butanol phases  ( Fi g .  2 2 ) were 

each reduc ed to dryne s s  on a ro tary evapor�tor .  Aliquo t s  

were then streaked on t o  a thin-layer plat e o f  s ilica  
gel GF2 54 and run l Ocms in  distilled wat er pH 5 . 6 .  Afterr 

air-drying the plat e s , the 10  Rfs were scraped into a 4 . 5cm 

petri d i sh and covered wi th a fil t er paper disc . To thi s 

was added l e e  distilled water and 8 or 10  rad ish c o tyle­

dons . D i shes  o f  samples  and s t andards on a tray were 
sealed  in a mo i st plastic  bag and incubated at 2 5°C under 
fluorescent l i ght s for  about 69  hours . The fre sh we i ght 

of  the cotyledons was then determined . 

( Long Scarl et rad i sh seeds  were germinated on 

mo i st paper in  the dark , for 24-28  hours ; the two smaller 
co tyl edons were then carefully removed , and selected for 

size  uniformi ty for use  in the bioas say .  ( Le tham 1968 ) .  ) .  

Experiment No 1 1973 

Using the above proc edure s  the change in 

gibberellin-like  ac tivity was a s s e s sed in the s ap sampl e s  

coll e c t ed in the spring o f  197 3 . Puri fi cat ion was by 

solvent part i t i oning and paper chromatography , followed 

by bi o as say .  

Very l imi ted t e s t s  o f  cytokinin act ivi ty were made , 

using only sap from the first two collec tions . 
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Re sult s :  
( a ) Gibberellin-like ac tivi t y . 

Thi s was as se s sed for each sap sample on d ifferent 
d at e s  using two or thre e repl i c at e s  of sap extrac t . The 
r e sult s  o f  the bi oas s ay are shown in Fig . 23 , which 
ind ic at ed the sap ac t ivity of GA-like substanc e s  in GA3 
equival ent s 0ug/l ) as : 

Harve st  No . 1 
0 . 67+ 

2 
1 . 11 

3 
0 . 47 

4 
0 . 53 

5 

0 . 39 

( + A t e s t  wi th 5 . 5cc  sap equivalent s indicat e d  1 . 38 JUg/l ) .  

The s e  values agree with the level o f  ac tivity 
indicated  in the pre c eding year . The s e  data sugge st  a 
relatively c onstant l evel o f  ac tivity in the sap from 
e arly bud movement to early sho o t  ext ension , with po s sibly 
a decline in c onc entrat ion from the first t o  the last 
harve st . Because o f  the variat ion in bud d evelopment 
and sap flow over the vine the resul t s  are d ifficult 
t o  int erpre t ,  and no att empt w as made t o  ass e ss the amount 
o f  gibberellins be ing t rans ported . 

( b )  Cytokinin ac tivity 
Bio as says indicat ed cytokinin activi ty was present 

in the butanol phas e extrac t o f  sap from each o f  the 
first  two c ollecti on dat e s  wi th s imilar levels o f  ac tivity 
in each , namely the equivalent of 4 . 5  and 2 . �g BAP per 
litre of sap respect ively . 

Experiment No 2 1973 
Further d e t e rminati ons o f  sap-GA were mad e , in a 

c omparison o f  b l e ed ing sap from root syst ems in the 
pres enc e or absenc e of growing sho ot s .  
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Me tho d . 

A numbe r  o f  one-year old Abbott  plant s growing in 

the  fi eld were s e l e c t e d  on 2 5/9/7 3 , when the new s easons 

sho o t s  were usually l e s s  than 5cm long .  Each ple..nt h ad 

b e en t rained wi th two l e aders . 

On the above d at e , 14  pl ant s w e re cut o ff near 

ground l evel ( " D e c <:�pi tat e d " ) and the xyl em sap sub s e q uent­

ly c o l l e c t ed from the two s tump s . Ano ther 18 plant s had 

only one l e ad e r  removed , from whi c h  the bl e e d ing s ap was 

c o l l e c t ed . Using sap from each treatment , c o l l e c t ed on 

the first , s e c ond and fifth day aft er cutt ing , gibberell in­

like  act ivity was a s s e s s ed aft e r  purificat i on by solv ent 

part i t i oning ( F i g .  2 2 ) ,  and s e parat ion on a S e phad ex 

c o lumn and a s i l i c a-gel c o lwnn as d e s c ribed e arl i er . 

R e sul t s .  

The re sul t s  o f  the barl ey endosperm b i o as say w i th 

the 19 frac t i ons obtained from e ac h  sample are shown in 

Fig . 2 4 , and as  the  t e s t s  were c arri ed out on di fferent 

day s , quant i t at i vely they are only roughly c omparabl e .  

Again there v1 as rather a l arge variat i on between repli­

c at e s  of the ac t ive frac t i ons , but the hi stograms show 

one c l e ar trend . 

In both t reatment s ,  in eac h  o f  the first two day s , 

gibb erellin-li k e  ac t ivity was found only around frac t i ons 

1 5  - 17 as one broad peak . Howeve r  on the fi fth d ay o f  

sap bl e eding , ac t ivity o c curred in frac t ion 4 in b o th 

treatment s .  In Fig . 2 4  ac t ivity o c curred in frac t i ons 9 -

1 5  from the partially-d e c apitat ed plant on Day 5 ,  but when 

a smal l er amount of extrac t o f  bo th tre atment s was t e s t e d  

again ,  no - signi f i c ant ac t ivity was d e t e c t ed in the s e  frac­

t i ons . 

Gibberellin-like ac t ivity was relat ively s imilar 

in all sampl e s  t e s t ed . The overall low l evel of ac tivity , 

and the variab i l i ty mak e s  pro per q uant i t ative c ompari s ons 

impo s si bl e , but bioassay ind i c at ed sap ac tivity of GA-
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l ik e  substanc e s , in GA3 equival ents )Ug/litre as : 

Day 1 

Total decapitation 0 . 2 3 

Parti al decapitat i on 0 . 0 5 

Day 2 

0 . 0 5 

0 . 03 

116 . 

0 . 0 5  

0 . 03 

+ Subse quent t e s t s  indicated ac tivi ty e quival ent 0 . 04 

pg/l i  tre . 
++Act ivity oc curred in frac ti ons different from the 

earl i er sampl e s . 

In furth er work wi th endogenous growth regulators , 
the extrac tion method and bi oas say methods were changed . 

The extrac tion pro c edure i s  shown in Fig . 2 5  

where the gibberell ins were part itioned into ether , rather 
than ethyl ac etat e  as in earl i er experiment s ( Goren et al . 

1971 ) .  

( i ) G ibberell ins 

In a prel iminary test , this ac idic  ether extract 

c ontained the same gi bb erellin-like act ivi ty as an ac idic  

n-butanol e xtrac t ( following a neutral ethyl ac etat e 
e xtrac tion ) , whi ch l atter method was used by Jone s ( p ers . 

c omm . ) . So  the method based on ether was used for c on­

veni enc e .  The dri ed  extrac t was taken up in methanol , 

streaked on Whatman 3IvllVI paper , and run ( de sc endi;ng ) l Ocrns 

in .10/1/1 i sopro panol-ammonia-wat er .  Aft er drying , the  10  

individual Rf ' s  were elut ed overnight with absolut e 

methanol ,  and the eluant s mad e up to lOml . Sui tabl e 

ali quo t s  ( about 50cc  sap equival ent ) were dri ed for 24 
hours in a vacuum oven in 2 5ml Erlenmeyer flasks , ready 

for bioassay .  

The flasks c ontained 0 . 7 �g sodium metabisulfi t e , 

1 . 5c c  solution ,  and four barl ey endosperrn half-seeds . They 

were s eal ed and incubat ed at 29 . 4° for about 46  hours , then 

the sugar c ont ent o f  each solution determined wi th an Abbe  
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dryness  

Bioassay for  gibberellin­

l ike substanc e s  

Fig . 2 5  Extract ion o f  G ibberellins and Cyt okinins 

from Sap . 
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refractometer , recording the refrac t ive index . Thi s 

method was used  by Faull e t  al . ( 1974 ) although not 

d e scribed by them , and was al so  found by Jone s ( pers . 
comm . ) to  be sat i s factory .  

Several t e s t s  showed the feasibility o f  thi s rapid  
method of  as s e s s ing the  re sul t s , and the  re sul t s  o f  one 

c ompari son are shown in Fig .  26 . The barl ey end o s perm 

b i o assay was p erformed with the vari et i e s  ' Re s earch ' and 

' Bl ack Skinle s s ' , and four repl icates  o f  each were incubat­

ed with a s eri es  of gibberellic ac id standards .  The 

results of two replicat e s  each were as s e ss ed with d initro­
sal i cylic  ac id  ( as de scribed earl ier) and with the 

refractometer . 

( i i )  Cytokinins 
The alkaline butanol extrac t was tak en down to 

dryness  on a Buchi ro tary evapo rato r .  The re s idue was 

then taken up in me thano l , streaked on pre-run chroma­
tography paper  .Vhatman 3MM , and run in a desc ending manner 

wi th distilled  wat er pH 5 . 6 . ·rhe  aqueous phase  was not 
always puri fied  by paper chromat ography . 

The chromatograph strips were plac ed in a lOOml 

Erl enmeyer flask wi th 2 5ml med i a ,  and cytokinin act ivi t y  

as s e s sed by s oybean c allus ( thre e  or four piec e s  t o  a 
flask ) , ( Miller  196 3 ) .  The fl asks were held in low  int en­

sity fluore s c ent light  at 2 2° for 3 or 4 we eks , then 

weighed . Sampl es  were c ompared wi th the re spons e to 

repli c at e  flasks of Kine t in s tandards . 

Exper iment No . 3 197 5/76 

Sap coll ec t ed in the s pring o f  1975  was purifi ed 
as in Fig . 2 5  and cytokinin and gibberellin ac tivity 

d e t e rmined . The  five  sap collec t ions were  mad e from 
12 August ( before  bud bur st  began ) to  18 Sept ember ( buds 
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j ust b eyond bud burst ) ,  and for e ach sampl e the sap c o ll ect­
ed in the first 24 hours after decapi tat i on . was used . 
Analys i s  were c ompl e t ed in November/D e c embe r .  

Re sult s .  

( a ) Gibberellins 
The resul t s  of the repli c at ed bioassays with the s e  

sap sampl e s  are shown in h i stogram fo rm in Fig.  2 7  • In 
Table 5 sampl e  ac t ivity is expre s s ed in terms of e quival ent 
GA3 ac t ivity by c o mpari s on with a s eri e s  o f  standard 
solut ions . 

Table 5 :  Gibberell in-lik e ac t ivity in sap 

Act ivity e q uival ent s Equival ent s 
GA< �g/li tre sap GA< pg/day 

. 

Harve st Plant Plant Plant Plant Plant Plant 
Dat e  A B c A B c 

1 2/8/7 5 0 . 01 0 . 14 - 0 . 0018 0 . 0296 -

2 5/8/7 5 0 . 0 2 0 . 0 5 - 0 . 0146 0 . 0376 -

4/9/7 5 0 . 06t( 0 - 0 . 0 2� 5/ 0 -

1 . 81 0 . 60 
1 2/9/7 5 0 . 11 0 . 2 2 18 . 58 0 . 0216 0 . 1026 1 . 0776 
1 8/9/7 5 0 . 7 3+ 2 . 34+ 0 . 10 0 . 06 6 9+ 0 . 541 5+ 0 . 0080 

+Bas ed on extrapolation of the s t andard curve . 

The s e  value s indicat e  a low l evel of  gibberelli n­
like ac t ivity in t he sap in the early spring , and a wid e  
variat i on betwe en plants a t  a given harvest dat e and 
similar stage o f  d evelopment . The c o nc entrat i on o f  
gi bberellin-l ike substanc e s  in the sap , and the comput ed 
amount s b eing trans port ed in the sap in one day , show a 
pat t ern o f  be ing higher in the final two coll e c t ions - at 
which t ime mo st bud s  had c o mpl eted  bud burst , and sho o t  
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elongation was beginning . 

Limi t ed t e s t s  ind i c a ted s imilar , o r  lower ac t iv i ty 

in sap coll e c t e d  on the s e c ond d ay aft er d e c ap i t at i on .  

Th e o th e r  e f f e c t  was for t h ere t o  be two peaks o f  

act ivity i n  the sap  c o l l e c t e d  o n  t h e  first three harv e s t  

d at e s . In a rep eat bi oas say o f  ext rac t o f  the third 

harve s t , Plant B ,  two peaks were pro bably pre s ent al though 

some unc ertaint y  ari s e s  from the i nadvert ent mix ing o f  

s ome t e s t solut i ons . I n  a dupl i c a t ed t e st o f  the s e c ond­

d ay ' s sap flow from one o f  t he s e  plant s , t h e re was no 

ind i c at i on of a s e c o nd p e ak . 

( b ) Cyt okinins 

Sap c o ll e c t e d at e :::. c ll o f  the five d e c api te.tion 

d at e s  gave signi f i c an t  ac t ivi ty when extrac t s  w e re bio­

a s s ayed w i th s o y b e un c al lus , ( F i g .  28 ) .  Ac t ivity 

o ccurred mainly at Hf 0 . 6 - 0 . 8 in the but anol-phase , 

but the  level o f  ac t ivity showed c ons i d e rabl e  variat i on 

b e twe en the two p l ants  sampl ed at the same t ime . There  was , 

in add i t i on ,  in half o f  the sampl e s  a very low l evel o f  

ac t ivity  in the same po s i t i on on chromatograms o f  the 

aq ueous phas e ; e xc e pt for  some unknown reason the aq ueous 

phase o f  Pl ant 22 ( Harv e s t  4 )  c on tained far more ac t ivity 

than the butano l- phas e . 

By c ompar i son wi th a standard curve pre pared w i th 

kin e t in , value s for cyt okinin ac t ivi t y  in the sap are 

c alculat e d  and shown in 'fabl e 6 .  In add i t i o n ,  referenc e 

to the d aily sap flow rat e permi t s  an ind i c at i on o f  the 

amount s o f  cyt okinin be ing t ran sport e d  in a day .  In a 

few ins tanc e s , s ample ac t i vity was b e yond the range o f  the 

s t and ard s .  Thi s was e s pec i ally so for Plant 20 , the mo s t  

ac t iv e  extrac t , and i t  s e ems b e s t  t o  only ind i c at e  a mini­

mum l evel of ac t ivi t y .  
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Tabl e 6 Cytokinin-l ike ac t ivity in sap, kine t in 

equival ent s 

( Total ac t ivity , BuOH , Aqueous phas e s ) 

123 . 

Ac t ivity ;ug/litre  Ac t ivity ;Ug/day 

Harve st Plant N o .  s Plant A B A B 

1 32+ ( A )  3 5 ( B )  3 . 9  7 0 . 2  0 . 78 14 . 77 
2 4 5  ( A )  37 ( B )  6 . 0  5 . 4  4 . 51 4 . 67 
3 2 5  ( A )  20 ( B )  5 2 . 6  > 500++ 17 . 4 2 >33 5+ + 

4 4 2  ( A )  2 2 ( B )  6 4 . 9  2 349 . 0++ 1 2 . 39 1110 . 8 5+ + 

5 51 ( A )  30 ( B )  261 . 7  8 2 . 5  24 . 07 19 . 1 5  

+ Most  o f  thi s sampl e was c o l l e c t ed on the s e c ond day o f  
bleed ing 

+ +Based on a l inear extrapolati on o f  the standard curve . 

There was no obvious di fferenc e within the pairs 

of plan t s  that would expl ain the di fferenc e in act ivi ty 

between plant s at the  same harve st  dat e , although the  

variat i on is  reduc ed a l i t tle  by relat ing the comput ed 

daily cyt okinin transport to  a uni t  s t em si z e ,  There 
appears  to  be  a trend for the conc entration and l evel s  
o f  cytokinin-like  mat eri al s in the sap t o  be highest  in 

the lat e r  harve s t s . the s e  increased l evels  occur at the 

t ime mo s t  of the bud s on t !�e vine are vi sibly burst ing i e . 
advanc ed  bud swell - advanc ed bud burst  ( Brundell 197 5a ) , 

wi th the lowe s t  l evel s  occurring prio r  to  this  t ime . The 

re sult s  may al so ind icat e  a l ov1ering o f  ac t ivity in the 
final harve st , v;h en shoot  elonJ;at i on is beginning i e .  bud s 

at the t ight c lust er - o pen cluster  s tage . 

Cytokinin a c t ivity w a s  also d e termined on sap 

extrac t s  o f  bl eeuir_:l sap t � ,ken froL one  pl:J.nt s e parat ely 

over  five d c.y s f o l l o ·. � ing d e c 2.pi tnt i on . For each  day ' s 

sap the :::; c.;-:le e z t r . .  c t i on pToc  ednre v,• u. s  follov:ed exc ept  that 
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there were five pu.rtiti ons with n-bu t anol , and duplicate 

chro mato grams were bioassayed f rom each ext ract. None o f  

t he Aqu e ous phas e s  gav e significant activi t y , and the 
resul ts o f  t he bioas s ay s  of the but ru1ol phase are shovvn in 
Fig . 2 9  and ·rable 7 .  

Table 7 Cytokinin activity in s ap, o ve r 5 days after 

Decapitation 

( Pl ant number 20 , Kin etin er,ui valents ) 

Activit y pc;/l j tre Activity pt;/day 
D ay H c p . l ii e p . ') H e p . l Rep. 2 ,_ 

l 4 9 3 . 8 8 4 1 . 7 3 3 0 . 8 564 . 0 

2 1 2 2 4 . 2 6 3 3 . 7 1 2 8 6 . 7 6 6 6 . 0 
3 4 �� 4 . l  7 9 0 . 5 6 2 3 . 4 1 1 6 2 . 0  
4 1 3 1 . ::) } J7 . 5 1 89 . 4 4 4 2 . 8 
5 9 0 . 0 10 . 3 1 3 2 . 3 1 5 . 9 

'rhi s  sh o u J  t i 1 c i n i  t i rc l l y  b i ch L�vels  o f  act i v i t y  

have decrer:. s c d  . i Lh U . .  1 c , e � : p e c  :L .:-t1 l �' i n  t h e  fourth ::tnd 
f i f t h  d ays tLft c r  t1 e .:; .  pi t ;:1.t i on . :h e n C: :J t o kinin- c o nc entr::>.tion 
in t h e  s ap h ;-I G f l l on , : ,r rk c d l �r , �-:l t l :o ugh hi gh s a p  f l o v,o s  
are being m;.. .in L <: i n e d . Ac t L vi t y  v:as usuall y at Rf 0 . 6 -

0 . 8 ,  a l though in tll c f i n . Ll c olJ ection (D ay 5 ) ,  there vms 
apparently a s econd p c:.::Jc , �.nd l:J o s t  o f  t h e  t o t o.l activity 
( as in Table 7 )  \ / u s  t11 c .. d i f f e r e n t  [.lO S ition ie. 0 . 2 - 0 . 5 . 

Puri fied 3 ap e x tract s t -k e n  fro m  four different 

pl ants on a tot< . l  o f  f i v- e  d i f f e re n t  occasions  at th _; ti1ae 
o f  e�rly bud bur 3 t a e r e  sub j ected t o  high p r e s s ur e  liquid 
chromat o graphy ( l �.P LC ) . (! .Jn;:; i .:; tently a peak was ob t ained 

,. 
vvhich had th e s �· . . .  , u  ro t en t .i. o n  t i :ne :::t s zeatin ribo s h l e , cilld 
placed sampl e s  i n  the  s � t,:l e . . n· d er  of c oncent rat ion as t he 
soybean callus b i o c:. s s ay . I' i g . 3 J  sho ws the bi o as s a.y 
results for c nch o f  t h e  p � �k s  collected from an ex t ract o f  

I 
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sap c o l l e c t ed on 8/9/7 5 when mo s t  o f  the bud s w e r e  

burs ti ng ( S e e  Appendi x  2 )  

1 26 . 
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D l :  ; t_; : J ;� �j i C l i  

A .  S 9.p F l o w  

T h e  _p e r i o d  d m· i n� ·,·:ll i c h : L  v ine ':;ill pro duc e a 

quant i ty o f  s ap exud �:. t 8  f r o m  a .fr e shly-cut s h o o t  i s  

limi t e d  t o  abo ut 6 w e el\: s , ( Pi s s . 1 8 , 20 ) ,  and b eyond that 

t i m e  the f l o w  rCJ.t e  �mc1 t l1 e l c n [:; th o f  t im e  th at bl e e d ing 

occur s , i s  v e ry l i 1 :1 i t e ci . 

E?. e c o rd s  sh o ·. ,  L : 1 :-1t t ll c: r ; ,t e  J f  s a p  fl o w  from th e 

stump o f  cL r emo v e d  f..: l1 o o  t , J c: :�: \r e ry vc� r i ab l e  b e t vve en sh o o t s 

on the s am e  pl an t , o 1 · L e� t ··: : e e1 1  pl :.•.n t s , ; ,nd 'N a s  al s o  aff e c t ed 

by the t i r:t e  ·J f h � .r-..r c :>t . 'rh e: ::: 8 o f f c c t s  c ould b e  at t r i but­

abl e to enviro nmer: t � t l c o n d  i t i on ::; , or -� o ch �:.rac t e r i s t i c s  

o f  t h e  pl an t  . : !:.:. t e r Ltl �., w1 _pl .::· d . One fac t o r  that vari e d  

somewhat was th e d L �r : i e t e r o l' t i 1 e  s � em th:::lt was cut f o r  

sap c o l l e c t i on , �nd i t  w a s  fo und t h at gen e ra l l y  th e r e  was 

a re asonabl e 1 o o i t i v e  l i n e �r c o r r c l � t i on b e t we en the flow 

rat e o f the bl e e d i n� s � p , � nd t h e c ro s s- s e c t i onal ar e a  

o f  t h e  sho o t  � �t t h e  c o l l e c t i o n  sur·fac e . I'he r e Ll.t i onsh i p  
var i ed w i th t h e  d [.Lt e 0 f  t h e  f i r s t  c o l. l e c t i on , but f o r  a 

given c o ll e c t i on p e r i od  i t  .,., � t �; s imi l r�r o ve r  the p e r i o d o f  

c o l l e c t i o n .  Dur i n� t h e  f i r s t nnd l ast c o l l e c t i on p e ri o d s  

when flovv rat e  was l o :; c s t , t h e  s i z e  o f  t h e  sh o o t  had l i t tl e  

e f f e c t  o n  fl ow rc..t e ,  bu t dur i ng t h e  p e r i o d  when s ap f l o w  

was high e s t , t h e  r e l ;  .t i v e  l ev e l  o f  flow inc r e as e d  mark e dly 

with inc r e asi.ne s t e m d i ame t e r ( o r c ircwnf e r enc e ) . The 

s igni f i canc e for the pl::mt of such an o b s e rv�,�. t i on i s  no t 

c l ear ,  nor t h e  rel at i on s h i p o f  t h e  bl e ed ing s ap flow t o  

t h e  s ap flow in t h e  i n t ac t  pl:::mt .  Howev e r , i t  may sugg e st 

that at the t ime t h e  bud s are bur s t ing t h e  l arge r- s i z ed 

plant i s  mo re effect ively abl e to s end large o uant i t i e s  

o f  sap up the p l a nt . Al s o  a t  thi s s t age f l o w  rat e s  were 

always h i gh e s t , and s inc e t h e  t ran s pi ring l eaf are a was 

e s s ent i al ly nil it  mi gh t  b e  i n f e rr ed t h e  s ap was imp o rt ant 

in c ontri but ing s om e t h ing e s s en t i al f o r  bud burst , o r  f o r  

o ther pro c e s s e s  o c c urr ing -.: ; i  t h i n t h e  bud s o.t that t i me . 
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For s o me unexplained reason , t h e  sap flow data f o r  th e 

fourth harve s t  p eriod in 197 5 were inc onsi s t ent with the 

pat t e rn sho�� by the o ther harve st s .  

C l e arly pl ant s i z e  aff e c t s  sap fl o� ,  and ind i c at e s  

the n e e d  t o  s e l e c t  pl :.:mt s f o r  uni f o rmi ty t o  reduc e the 

variab i l i t y  in sap flow b e tw e e n t h em ( Morrow 1963 ) .  I t  
may al s o  h av e  b e en mo re ac cur a t e  t o  expre s s  the data f o r  

s ap flow i n  rel at i o n t o  pl2.nt s i z e , al though t h e  trend s 

would b e  the  s am e  a s tho �' e s h o ·.-.:n by us ing the actual flow 

rat e s . 

Limi t ed o b s e rv �:>.. t i ons s h o •.v ed t he m e an flow rat e o f  

d e c ap i t at e d  pl::::.n t s ·..v as ere a t  e r  during d ayl i ght hours , 

e sp e c i al ly around n o.,o n , and such a 1.1 at t e rn  was al s o  found 

by Phi l l i p s  ��d J on e s ( 19 6 4 ) .  Gro s s cnbacher ( 1939 ) 

s tud i ed s ap e xud at i on fro:7! e x c i s ed sunfl o1.-..· e r  ro o t s ,  and 

sho•ned c l e arly t h e  exi s t en c ,j o f  s u c h  c..n c.ut onomic cyc l e  

o f  exud at i o n , •:::h e r e  . i ! : �xinL'. �'-l'ld I!linima o f  fl o w  rat e o c curred 

at 24-hourly int e rv::1l s of n i d d :..�y and ::J.i dnight r e s p e c t iv ely . 

So  ro o t  ac t ivi ty :::: e c' :J e d  r c l :.:. t ed t o  t h e  l ight p erio d , '<Vhere as 

when plru1t s VJ e r e  gruvm L1 c c :--: t in:v.o ·J. s l i ght it was tn e t ime 

o f  d e c ap i t at i on t h <:1 t  d e L e r u i n e d  t h e  t ime o f  p e ak  and 

minimum f l o w  rP. t e s  in t h e  :' 4-hourly c yc l e . 

Th e pl Rnt s u � e d iri 197 2 � e r e  t rain e d  hori zontally 

on s eve ral t i e r s  '. :l": i c h d i f f er ed in their d evelo pment , s o  

that a l c:�rge p o r t i on o f  t1: e pl : ·.nt .,-: o.s c on s i derably d e l ay ed 

in · i t s . s pring gro ;, ;th c o mr:c.r e d  \'l i th tho s e p<=.!rt s  be ing 

s ampl e d . Thi s , . and the L• c t th;_:.t  only a v e ry small pro­

port i on o f  t h e  sh o o t 3  were r c � o v ed f o r  s ap c o ll e c t i o n ,  

c ould �c c o un·t f o r  d i ff e r e n c e �  i �  hl e o d ing behnvi our from 

that obs e rv e d  in 1 97 5 .  

Relat i onshi o t o  v i n e  d ev e l o�Gent 
I t  mu ::; t  L e  c .) �'! �--: i d c r· c d  ·:.'r. e t l-. c: :::· t � e  pat t e r� o f  

bl e e d l. n cr · ;-.. . ,  .. ) f'l r) · 1 · � ,� ··· l ·  ·' - "' c� t '  "'l" Q · " ·'- h " ...., d d e ve l o r- r� en +: l· n t'_l ;.,J ;,:,._ ..:_ • ... , , ._ ;_:; ..:.. t.,; .  :.. . U \:.; J. V (.j- o ·- lJ ... � .... .l.l - ,:-J • .W. - '...1 

t h e  plt:-..nt .  I n  tl : .;o  :� i. -ili fru i t  v i ne: , l:Jl e e d i nc i s  l i�:1i t e d. t o  
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a s ho rt p e r i o d  in L h e :.; r r i  � 1,� , l2 c g inninc; sl� o rtly b e f o r e  

. bud bur s t  wh en th0 fi r s t  bud s  :.:e r e  no t i c e ab l y  sw ell ing , 
and c e as ing in t:r: e e 8.rl y ::J t :  .. :.'; c.: s o f  sho o t  e l ongat i o_n -

h enc e b ehf' V i nt: o i mi l : -.rly t o  t h r.  gr<: :p e  v i n e  ( Skene 1967 ) . 

i'l o ;. o c c urr e d  \vhen in t h e  uun e r  "- "-

s ampl e d  p �rt o f  t � e  v i n e , n e� sh o o t s  w e r e  at the o p en 

c lus t e r s t r�sc f :nd b ...:: c; i nnin� t o  e l ong2.t e ,  c:::.nd bud movement 
was o c currine t h rough o u t  the v in e . ..' h en y o une Hho l e  
vine s were  d e c : �pi  t :  . .  t c J  l i t  1 :]7 5 p c : :.k f l o  . .  c o i nc i d e d  w i t h  

b u d  bur s t  •) f t.h e v e r:; f i r : � t  :;_· c . /  bud s o n  th e vine , and fl o w  
h::.ld f all en su';:; ;:: � - •·1 L L �l l y  t y  ; L; o LL L  t}-, t;; t i f)1 t  c l u.s t e r  s t e.ge -

wh e th e r  e xpl, e s s e cl � ·. ::  :f l o ·  . .  r: L c .l: c: !' cv. t  sho o t ,  o r  p e r unit 

o f  ar e a  of c ut r.mrf, '.c  c .  

F o l l o vlinc r e :  �o v:'.l u f  t; ; _ ..:;  sL o o t ,  t h e  s ap f l o w e d  

more s l o·Nly , s h o \·ii nc i n  l 9 7 J  : L  . ::-. :r1:: c t1 d ro p  over t h e  f i r s t  

24  und 48  h ours ; c x c  e p t  f o 1 ·  t h ;.;  f i r s t  h�".rv e s t  v1h en s ap 
f l o w  \'v'aS j :..t �3 t  b t: & i nn inc : <:.1 d -, .:h e n  f l o  . .  · r2 t e u su all y inc r e as­

e d  over the f i r ::; t  o n ..; o 1· b . o  c1 �ly s .  Al though s imi lar 

s i z ed sho o t s w e r <:: 3 �l i :1pl c d , f l o ·  . .  1�::. t c s  v;::ri e d c on s i d er ably -

up t o  7 t im e s at t h e  s C'..;ne: s :::..apl i n.c; t i ri le . S ap produc t i on 

was usual ly from l O O - 5 0 0 c c � d : � ,  fro� e �ch cut sho o t · 

o f  a ma tur e vine . C ompl e t e  d e c c�pi t �·- t i on o f  a ;young vine 
') 

yi eld e d  100 - 8 5 0 c c  n d : .·.y , o r  2 U  - l :? O c c/cm'-- s t em c ro s s-

s e c t i onal ar c a/d c y . 'l'hi s i nd i c a t e s  the c apac i ty o f  the s t em 

t o  t r'an s p o r t  ve ry l : trge volume n o f  s ,  ..... p ,  a..'Yld i t  would s e em 

surpri s ing i f  i t  d idn ' t have ::t �l ;; c; c  1 f 1 c  func t i on . Orie 

c anno t therefore  s ��Y such a s L:.p f l o v: i s  e s s ent i al t o 

transpo rt from t h e  ro o t  sy s t e m sub �1 t ::mc e s  r e quired fo r 
e arly gro wth and d ev e l o pment i n  the sh o o t s , a s  bud bur s t , 

sho o t  e l o ng2.t i on �md l e af e xpc-..n s i o n ,  and fl o w e r  d i f f e r en­

t i at i on c an all o c cur in s t em c u t t ings d e t ached from t h e  

parent p l cmt in the win t e r .  C o nt i nued gro wth and d ev e l o p­

m ent r e � u i r e d  th e J:C e s enc e o f  a ro o t  s y s t em , but in t h e  

ini i i al s t age s t h e  s t em i t s e l f  may c on t r i but e the re q u i r e d  

me t ab o l i  t e s an d  h o :crnone s , wh e r e t h e y  may have b e en 

pre vi ou s ly ac cumul at e d  fro m all p a r t s  o f  t h e  pl ant . In 
the s pring , s ap ac t ively fl o·as fr om a fr e sh c u t  only wh en 
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i t  has ro o t s  at t ac he d , but vd J en s t em c ut t ings t s.k en in 

summe r  o r wint e r  ar e pl �tc e d i n  wat er in warm c ond i t i o ns , 

wi thin 2 4  hours t h e y  pr o d uc e c o pious q uo.nt i t i e s o f· c l e a r  

vi s c ou s  fluid - iTcd i c at ing c t.cn:.e e s ar e o c curr ing in t h e  

s t em .  

The ra t e o f  s ap flow r e c o r d e d  in 197 5  s imi larly 

show e d  a w i d e var i o.t i o n b e t i·: e cn the sho o t s o n  a plant , and 

b e t w e en pl an t s  ( F i g . 19 ) .  U s u :_·,l l y  t h e  ;neon d2� ily flow rat e 

inc r e a s e d  dur i ng t h e  f i rs t t h r e e day s , and t h en d e c l ined , 

·..v i t h  t h e  e::: �rl i e s t  fJ...Yld l: t e s t  L .. .rve s t  p e r i o d s  ho.ving t h e  

l ovi e s t f l o ,.; r:.:.t e s . I n  t l 1 e  �; Ltn f l o :. e r pl ._-,nt o.l s o , the d ai ly 

s ap f l o w  h �'-� s h o v . n  :..:. d e <: l i  E c  e �tS�i cL�y foll o ·;,:i ng d e c ap i  t a­

t i o n ,  o.l t h o uz,h � h  o r e  n;:: Ly i n i  L i al l y  b e  cm i n c r e as e  in fl ovJ 

rat e ( Gro s s enb:· .c r. (: r  19 39 , .Fr i l ! i t : : :  : -.r�d J on e s 1964 ) .  Fi g .  

2 0  sh o w s o v e r  the :c c l ;_ .t i v c ly .:.; ; · ;  r t l; r r i o d  o f  bl e ed ing 

s ap produc t i on h o . :  tl< e r._;l : :. t i  v e  l e v e l  o f  s ap flo·a inc re as e s  

dur ing e ::Lch suc c e s s i v e  d ·-�y <. .. fte i' d e c n9 i t at i on ,  and '!'1 o w  fl o w  

\!V a s  gr e 2.t e s t  from t h <: : . c c o: : :3 : T� i' l  t : � i rd 1-.. �:.rve s t  d at e s . Thi s 

me ans t h e  bu.cl :::: · . . .  :- ,�_ · r;  : ; ·. · c: l l  in:')" · · n i.l b u r s t inG ::;.t th e t im e  o f  

er e at e st s ap fl o·. : , �.nd l l1 c fl o ·  . . � ad d e c l i n e d  t o  v e ry l o v: 
l ev e l s ':J�� cn t ' 1 .::. J r: v c �; :;.: e r e  L cn :f.' J l d i:-<� · Page 164 sho ·il S h 0 \'1 
the mo i s tu:r· e  c on t e n t  o f  f i c 'l ;.� - C:: � i l l c J  bud s s o o n ri s e s  vvhen 
plac e d  i n  -_·; : T "' t e  . . y� _ .  t: - : r c s , : .:�, J 8 �  , .: c ) ' i_l d c o :�lpc..r e  thi s 

up un t i l  tl1 c  b L< d :.:; . :c , :  O l i.  t�·1 ·::. 1; o int o f  e . :i e rging , wh e n  s ap 
fl o w i s  inc r e as i n�: r · ·. t · i d ly , : . . .  ) i �; tv. r L  .::; .J n t; en t  o f  bud s i s  
j u s t  b c ginnincr t 0  j_ : t '- � r e: . .  :; o . ·.::'L e; :·� ··:::·.i l c. t ::� e bud s ar e bur ::> t -

ing · and t h e i r  r:1o i .. J t t-; c c  c O !  1 t c nt i s  inc r e a s i nG r::.;.I) i dly , 

r e l at ively _hi eh b1. c c ,1 i n�� s � '-lj  fl o v·i i s  o c currinc:; , .:::nd th e n  
i t  d e c l i n e s .  S o  i r� c r .::: :: ::-l e in o ::. p  :f l o \ ,  �:;p _p e; ar s  t o  run n.h e ad 

o f  bud grovrt i l , _:.1 nd o !· : c c:  , .. t r� ·.n :1 p i ri 11g l e o.f surfac e n. _;. · ) c ::rs 

a s t e udy d e c l i n e  o f  L l .: c (l in . .  : � ; � , �� _r: r o du c t i o �l o c c ur s . 

I f  fl o ·  . .' r ·  � c  i .. : :: e l_ : ,.t ,� cl t o  t h. ::.  � t . ·,cc o f  bud. cr·) '.': th 
t h i L t e::1cL :; t o  -::: -.) l : t T  . : t  . . i �: 1-: :: � : ·"' r c :-:u l t s  o .: l SJ 7 3  •. ;h e n  h i ch 
fl o . .  r:l � c r::; . : e 1· c-: � - ::-� · -; c i  . (. c d  . i. t l-: .. . l � :..: r ::; ·V ·.:.;e o f  cl cve l o p­
w. ent , ;,.:tl tt.. o ugh -:l:L :� f c: t  t '·; · · L  h.i �;l'l £'"L o . . s li C .l. ' S L::: t c d L�t e r  
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could h r' v e  b e en e x;Jl a i n c d  �)�' L : : L  \1 c l  .. '.y c d  c1 e v :: 1 o p:-.ient o f  
the l o ·..-{ e r h:.:.l f o f t ! . c s c  v i ; _ (.; ;; . 

I3 e c�.u s c  o f  th <.: v :_, :;·· i. :.:.t i on b e t w e en pL .xrt s f u.r t h e r  
s ampling i s  r e • ; ui r c d  t o  c :.:: t �b l i : : :1 ��l e  r e l z, t i : m sh i p  of s a p  
fl o w  and vin e c! e v e l o  puien t . It d o e s  :.:tiJ:p c ar t h e  pat t e rn o f  

fl o w  i s  r e l ::.L t ec1 L o  e � ·.rJ. y- s e :·, s o n cl e v e l :) p:Jent o f  t l:"J.e bud s , 

al thoueh o t::, e r  r e l  . .  t i o :·J :.: l : i p ::; . .  Ly Ll s o  e xi s t . S inc e t�i s 

pl ant h ��s a l o ·,.; ch i l l i nc ·L' e ·_ u i r c r:: e n t  ( Brm1.d ell 1976 ) i t  

c oul d 2.pi1 e ::::.r t�:.�".t S Cl.lJ f l o , , ;.: .nd i ·� s  c ons t i  t u cn t s  are n o t  

inv o lv e d  i n  t h e;  u; e cl1 �tn :ifj m  u f  b r e:  . . : : i nc bud d o rr;1anc y , 

al t h o ugh t h e y  c oul. c1 b e; i nv J l v e d  in buJ. bur s t :::.nd e arly 
sho o t  d e v e l o p�ent . I f  c i � b c r e l l in- l i k e  sub s t anc e s o r  
c y t o k in i n s  ·li erc d e t e c t ed i n  t f 1 e  S JJrin,::: s<:-:p , thi s c o ul d 

suz..:;e st cm 2. s .-> J C L� L i a-n b ctv'/ 8 0:!:1  t h e  su1..; 1�l.Jr o f  t h e s e  h o rmone s 

and th e C O L u1l e nc c i�l C : 1t o I '  : ; :J.L· i n :� : �r J ·  . .  th , <:!.;> h:..1. s  b e en found 

in o th e r  :;l an t s . In t l 1 ': c :::� s .:�  o l'  s � e::: cu t t ines , b o th grovvth 

and d e v e l o pr�:cnt etr e  l i .. 1i  �; (� d ( Brun d c l l  197 5c , 1976 ) .  Such 

d ev e l o pmen t o. G  o c c u r s  , ·w u l d  u e  t .���. ::.; c d  on t h e  b ac kground 

l ev e l  o f  s ub s t ra t c in t h e  D � -.:u t; i s �. ·.u e , but unl ik e th e 

s i tuat i on i n  th e i n  t r  e t  })l : d1 t ,  t;ro wt�1 'li o uld no t c o nt inu e  

due to t h e  ab s enc e o f  '-� c: ont inu.in: : supply o f  sub s t r at e i n  

t h e  xyl em s ap , a s  ��l s o  c o n:j i d e r e d  by 3nc helard and W i ghtman 

( 1974 ) ." 

The ut i l i s :. , t i  :> !1  o f  r e :-:; e rv e s ( c c- .rb o hydra t e ? ) : app e ar s  
t o  b e · e s s en t i :1l f o r  c J n t i nu l'� cl  s ap exud ::lt i on , an d  in t h e  

p r e s enc e o f such r e s e rv e s  �ux in i n c r e a s e s  t h e  s ap flow rat e 

( Sk�og e t  al . 1938 ) .  Thu s th e ini t i al inc re a s e  in s pri ng 

flow rat e s  may r e sul t from 8.Yl inc r e as i ng aux i n  ac t ivi t y 

in the t o p s o f  the pl : nt s , supp o rt e d  by t h e  rap i d  mobil­
i s at i on of s t o r ed r e s e rv e s t o  mtpport bud bur s t  and e arly 

growth , whi ch then influenc e s  th e C'.b sorpti on and t ran s ­

l o c at i on o f  wat e r . The b e ginn i ng o f  sho o t  e l o nga t i o n  

c o i nc i d e s  w i th a l o v·: l ev e l o f  w o od-re s erve s ,  an d  a s c ould 

p e rllaps be pr e d i c t ed , f r o m  t h i s  s t t;.ge s ap flow ra t e s d e cl ine . 
One c ould then c on s id e r t h e  p o s s i b i l i ty that hi:gh flow rat e s  

are s imply a c ons e q u enc e o f  a p art i c ul ar t ran s i ent s e t  

o f  c ircums t anc e s , and no t ne c e s s ar ily an e s s en t i al re quire-
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ment f o r  vi n e d ev e l o pment . 

I n  t ry ine t o  c o r rel at e s ap s o lut e l ev e l  w i th s h o o t  

d eve l o pmen t  th e r e  i s  1.:1 probl em o f  s ampl ing ,  s inc e t h e 

l ev e l  o f a s ap c omponent may vary al ong a sho o t , o r  w i t h­

i n  a plan t . �rh i s i s  kno \ .:n t o o c cur in a numb e r o f  pl c:.nt s 
wi t h  n i t ro g enous c on s t i tuen t s  ( C o o p e r et al . l9 7 2 , Pat e 

1 9 6 8 ) and c al c ium , and i t  a p p e ar s  s ap c ompo s i t i on al ong a 

sho o t i s  in a s t at e o f  flux , c h �nging i n  r e s p o n s e  t o  t h e  

ac t ivi ty o f  th e c e l l s  surround i ng t h e  xyl e m .  End o genou s  

g i bb e r e l l i n  8.Yld aux i n  l ev e l s  c h �:.ng e al ong t h e  l engt h  o f  a 

s t em ( W ar e i ng 2.nd Ph i l l i p s 1 9 7 0 ) .  , J i  t h i n  t h e  s ap ,  gro vith 

sub s t anc e s m::w no t be th e o n l y  r,Lt e r i al s  i mpo r t ant fo r bud 

d ev e l o pm en t , ::md c ! :. : •.nz,i nc in c o nc en t ra t i o n  d u::::- ing the s t art 
• 

o f  s p r i ng gro r1 th .  T ! i  t ro t� c n o u s  sub s t �mc e s  a r e  inpo r t an t  

r e s erve sub s t , .n e e s  i n  fr-:..:. i  t int; pl : ,n t s ,  and show mark e d  

chang e s around bud b u r s t , S L�gc e s t ine t h e y hav e  a r o l e i n  

t h i s pro c e s s  ( 8 o o p c; r  u t  al . 1 9 7 2 , t r i l l -C o t t  inghaL1 and 

Bo l la rd 1 9 G  5 ,  Po s s i  nc;ho..r;1 1 9 7 0 ) ,  o..nd o t h e r s  c o uld al s o  b e  

invo lv e d . 

'rh e  l o s s  o f  s ::q;  fro n: � �  cut surfac e d o e s  h av e an 

e ff e c t o n  t h e  cro\·\ .. th o f  n e s. rby s h o o t s , and t h i s  e f f e c t  i s  

s e en e arly i n n sh o o t ' s  d e v e l o pment . Bud s n e ar a bl e ed ing 

surfac e bur s t  l c·.t e·r t han t h o s e on on unc u t  sho o t  -

app ?-r ent l y t h e  r c no v�:.l o f  t h e  s ap d e p ri v e s  t h e  bud s o f  an 

ad e quat e l ev e l  o f  s o m e s t imulus . Th e r e �ay sub s e � u � n t l y  

b e  a l o s s o f  s a n e  �o t en t i al � i t e s  o f  sho o t  gro wth a s  t h o s e  

<.1.reas o f  b hrk o v o r  i·.rh i c h  bl e e d i nG s ap f l o ·:.· s b e c o ;ne bL.t ck­

en ed ,  n e c r o t i c , .. . :1d c r ac :\: e c1  o p en . Ot1·� e n·I i s e  Cl d e t ri m en t al 

e f f e c t  o f  hic;h ::-.: : . �) l o :J ::.: e: ::; r: ::u no t no t i c e abl e l at e r in t h e  

s e ason , s o  th < , L  t .- :o iJonths af t e r  d e c c1pi t :::�. t i o n s tump s  had 
produc e d  s evci'�l s t ro n.:; ne>··/ o l to o t s  ': :hi ch c o nt i nu ed in 
ac t iv e  :;ro 'a th . ��l �:; o . .  h e r e  bl e e d i nt; o c curred from f r e sh 

gr;aft ine wourJJ s , t h e  graf t s  t v o k . c�nd Gad c go o d  gro wth i n  

t h e  e arl y s u;mn e r .  
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EnvironHlEnt :=•.l l::ffe c t s  
Bnvironnental fac tors <: tff e c ting plant grov,·th c an 

b e  exp e c t e d  t o  uodify pl rtnt i .t e tabolism , alt ering. r:·� eri s t em 
ac t ivity ancl " s ink strength " ,  and substrate  turnover . 
Incre asing the sup}Jly o f  s ccl t s  in the ext ernal mediurn 
gre atly  incre as e s  the rat e o f  bl e e ding sap produc t i on 
( Sko o g  e t  al . 1 9 38 ) . Jhen young po tted  kiwi fruit plants  
in the glas shou s e  .,, ere  wat ered  with CCC , sap flow ·nas 
reduc ed by 50fo over e ach of the follow ing two days , 
pre sumably through some effe c t  on plant d evelopment 
( Sk ene 1970 ) .  

T emperature has a maj o r  influen c e  on the rat e  o f  
development o f  plant s ,  and coul d  thereby affe c t  demand 

• 

f o r  substrat e s  by ac t ive t i s sue s ,  and al s o  the  l evel o f  
produc t i on i n  o ther  s i t e u . In the mapl e , t h e  beginning 
o f  sap flo\ J  i s  related  to Eir t emperatur e , and o c curs 
b e tw e en autw·.m and spring whenever warm t emp eratur e s  follow 
v e ry low t emperatur e s , and b e l ow a certain t empereture the 
flow dec line s .  Fi eld t emp eratures tend to fluc tua te  
vvi d ely , and ',.. lli l e  Fig .  lo ind i c ates  that sap flov1 rat e 
i ncreased  onc e n1 e an air t emperature showe d  a s t eady i n­
c rease  abo ve l0°C , observat ion �mder c ontroll ed conditions  
w ould b e  required to c onfirm this  apparent e ffe c t . I n  
A .  kolomikta grovrth s t o.rt s when t h e  m e £m  daily t emperature 
r e ac h e s  l0°C ( Go rokhova 1 976 ) .  In 197 5 E lean air t emp er­
ature had increE,sed substanti ally during the s e cond and 
third harv e s t  date s ,  but an inc rease pre c eding the p e ak 
s e c ond harv e s t  dat e was l e s s  evid ent ( Fi g .  21 ) .  Soil  
t emperatur e s  pri or t o  the  first  sap c o ll e c t i on had b e en 
about 6°C , but the J,·i e an ro s e  to  8°C before  the s ec ond 
harve st , and the inc re<:Lsed sap flovv migh t  refl e c t  a t emp­
e rature-induc ed ri s e  in ro o t  ac t ivity . Mean s o il t emper­
ature s  c ontinued t o  ri s e  dnring suc c e s sive  harve st s ,  but 
s ,ap flows d e c l ined pre sumably due to the changing reCluire­
ment s/charac t eri sti c s  of the pl rmt . �emperatur e s  could 
aff e c t  the ac tuo.l fl ov :  rt.!.t e at a11.y given time , and by 
aff e c t ing ro o t  ac t ivi ty  ind i rec t ly stimulat e the beginning 
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o f  bl e e d ing . So i l  t e mp e rature e f f e c t s  c ould have c on­

s i d erabl e adap t ive s i gni f i c an c e as i t  i s  a mo r e  d amp e n e d  

ind i c at o r  o f  inc oming rad i at i on than air t emp erat�re . In 

c i trus the e f f e c t s  of so i l  and air t emp e rature on plant 

d evel o pmen t c an be v e ry d i f f e r ent , so that t h e  l ev e l  o f  

bud burs t  i s  gre at l y  inc r e a s e d  wi thhigh e r  s o i l  t e mp er ature s ,  

wh e r e as a i r  t empe rature has l i t t l e  e f f e c t  ( Hall e t  al . 1977 ) . 
I n  a s tudy with a w i d e  rnnge o f  s o i l  t emperatur e s  ( Hammo nd 

and S e e l ey 1 9 7 8 ) t h e r e  was no d i ffe r enc e in t h e  t ime o f  

anthe s i s ,  ind i c at ing this proces s  i s  no t c o ntro l l ed by an 

upward s spring movement o f  ro o t  e l abo rat ed h o rmone s .  

Henc e ro o t  t emp e rature d i d  no t pl�y a ma j o r  r o l e  in s pring 

bud d ev e l o pment , wh i l e  ambient t emp erature was imp o rt ant . 

Gro s s enbac h e r  ( 1939 ) found that the p e r i o d i c i t y  o f  

sap e xud at i on was no t aff e c t e d by t empe ratur e var i at i ons , 

but f l ow rat e s  w e r e  r.:reater at high e r  t ernp e ratur e s , and a 

large sud d en inc r e a s e  in t e 1,1� e rature irrunedi a t e ly r e sul t ed 

in o. rap i d  inc r e a n c  i n  fl o ,· .  rat e . S o  in th e unc ontro l l e d  

fi e ld s i t ua t i on , wany fac t o r s  c an ac c ount f o r  d i fferenc e s  

in flovv l ev e l s . 

N a rking w i t h  s e edling, C l ark son ( 1 976 ) found that 

as t empe rQ.tur e s  v : c r e  increa s e d , xylem s ap exudat i on w a s  

fast e r ,  and fur t h e ri t �o r e  t hnt t e mp e ratur e s p r e c e d ing 

d e c ap i t at i on had a m::trked i n i tial. effe c t  on s ap e xud at i o n  

r at e . The u se o f  reduced p r e- t r e atment temp e ratur e c on­

d i t i o n s  app�rently induc e d  chrmge s � i thin t h e  vas c ul ar 

s ys t e m ,  r e sul t ing in 3r e atly inc r e a s e d  s ap flows in the 

d e t ac h e d  ro o t  sys t em , c:md C'.l s o  inc reas ing t h e  amount o f  

s o lut e moving into t h e  xyl em v e s s e l s  from the ro o t  t i s su e . 

Thi s  shows c l e arly that envi r o nmental c o ndi t i ons c an 

aff e c t  the charac t e r i st i c s  o f  the ro o t  sys t e m , and al s o  

th e s ap c omi ng fr o m  i t  - s o me th ing al s o  d emontrat e d  w i th 

re s p e c t  t o  t emp e r.Ltur e and r o o t  c y t o Jdnins ( Sltene 1 97 2b ) . 

In h i s  ntudy o f  t e mperL .ture e ff e c t s  o n  the rat e o f  

wa t e r  up t ak e , Kui p e r  ( 1 964 ) d i s t ingui shed b e tw e en two 

phas e s . At the lov:er t e Ht per� �-ture rctnge the m:t e of wo.t e r  
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upt ak e i nc re a s e d shr . .rply 1 /i  tb i 1 1 c r e as in.c; t emp e ra ture , [ .nd 

he sugge s t e d  t hat :.. .t t h e s e  l o ; : c :c t GILp e ratur e s tho r o o t  

c e l l u ej'Jb r�· n e  c�c t s  < '. � ;  �-� h i · ;h :.: n o rc;y ·:xtrri e r  v-ii th v·ic:�t e r  

t r u.n s p o rt b e i n r; l i. :n i t (:- d b�r L ! 1 0  c ;_·::·: ::·.c i t y  o f  t h e  :�·, e t abo l i c  
pro c e �3 s e s  invo l v e d  i 1 1  e :::: tr ·.bl i :.: ll i n{; thi s :tW : J.b r:-'.ne . 
How ev e r , abo v e  <:1 c r i  t i c nl t e 1 . t p e rature , wat e r  appar ently 

move s �re ely t hrour;h t h e  r o o t  c e l l  membran e s ,  and i s  lnrgly 
af f e c t e d o nl y  by t h e  v i s c o s i t y  !.J f t h e  v1at 2 r . Thu s  o n e  c 2n 
env i s ag e  t h e  Ltpo r t < .nc c: o f  e :  · .rly :)L �n t Ll e t ab o l i c  ac t i v i t y  

i n  c o nt r o l l i np; s n � 1  f l () ,  1· , . � c� , : · .nd �: enc e a. ;;mrk e d inc r e c. s e  

i n  s D. p  f l o . .  l ' a  t e  . i t ! 1  �· : : 1  . l l  r i  ; ; \) D  i n  i; el,t p c ro.ture , t o b e  

f o l l o 1 ! e d  L y  . .  e 1 · j  o d  I'l l  t en [ c o n t inuing r i s e  in t e m1J e r at ur e 

d o e s  no t fur t h e r  ::.; t h1uL � t e  v·, �·Lt e r  tl [ Jt .".l-;: e and s ap f l ow . 

i s  n o t d ry , , - .ncl i r1 L 1 ; ,, � . L l : ; .::: n c c, J f  ._..,_j_·l,'J c o n t r o l  o f  Jilo i s tur e 

supply t h e  o i) �> C J:'V ; · t i ,·m: . � l l! r c;  t L) no t iwl i c r:.t e  any r c l o.t i o n­

shi p b e t w e cm t l l e  .) c c  1 •. l T C .i l C  c .-; J '  u : ; : �vy rainfall <:md th e s ap 

f l o v1 rat e inu e d i :  i. e l y :t' o l J c) . .  i n ,�; . S o i l  r::.o i s tur e l eve l s  i n  

t h e  sprine w e r e  � ·ro i )c: . bl y r (: l : •, t i ve l�/ ni t;ri and i t  d i d  no t 

FLPI 1 e ar th[  t h e �vy r t  i i J  : .1 t e 1· 0 d  t h e  p c.t t e rn o f  s ap Gxud a t i on . 
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13 . Sap Growth H e r:-:v.l ;::, t o r s . 

Ob s e rvc!.t i ons o f  k i -. , i frui t o.nd o th e r  p l :�mt s h o..v e  

i nd i c E:�t e d  a r e r  -:.d r e J. : e n t  f o r  t h e  uov em ent o f  mc� t e ri o..l s  

from t i:1 e r o o t  :::; �r s t e r,1 t o  the sho o t s  in ·J rd e r t h o..t no r:.12.l 

c;rowth and d ev e l o .ucnt o c c u r s . In t h e  c o n t r o l  o f  t:r o '.·l t h , 

ho rLlO n e s o.. r e  o n e o :r  L h c  i ;  t :� ·) I' t :>.n t r • .goEt s ,  and Brund e l l  

( 1 976 ) ll c.:. s ::m2: '� c s t c d < �  ro l e  f o r  a h o 1··;:w n:�l r o o t  f ac t o r  i n  
t h e  lc hd frui t v i � : u . l.!:c.rl y  t e s t s  ind i c ::.t e d  t h e  pre s enc e 

o f  sub s t an c e s  · .  i t i , c y t o l c i � l i n  ::'.l1d c;i b b e r e l l i n- l i k e  ac t i v i t y  

i n  t h e  bl e e d iw� f> ::t :·l .. : d  l : i \ ·  i fru i t pl �·.nt s ,  2.nd s o  furt h e r  

o b s e rv t:':t i on s  ·. · e :c e:  : . � : :.d e . 

a ro l e in c ont r o l l-

ing t h e  s t L � t u s  o :l  f r e e 1:1-�� s  ·. i t l l i n < . pl �1.nt , o r  func t i on i n  
• 

t h e  trun s D o rt o f  U � ' s o v e r  l on3 d i s t � nc e s  i n  s pr i ng s ap 

( Bar end s e e t  r .l . l 9 u :� ) ,  rw r c· c J rd o f  ;mc L  :sv.·;J u t anc e :J  \ ' <"'.s 

n0.d e h e r e , ,f t e :c- ;_; ::; .0 i n i  l; i. �· ·.l tlj l ;�: ·.t i [; f::-.c t o l��� cc c t e ; : r t :c; t o  

(l. e t e e: t  t h e  . .  i .  

Bi o ::.t ;_� s c.�r ::.-; c l e �· .rly �>rh) \ . e d t �1 e  o x i s t e�!.c e o f  Gc t i. v e  

sub s t , mc e s  i r: C; : : -� :c � .c t c> of s n. ! '  c o l l e c t e d f r o m  : . .  :·:c ure v i n e s 

in t h e s p ::c· i:..·\� c f  1 �; 7 2 . 'l1 h e  l e v 2 l s  o f  c1 c t i vi t y  i n t li.e S c,p 

sho w e d  only [;Un.l l d i f f e r e:nc e s b e t ·:i e en c a l l  e c  t i on d at e s  

o v e r  a s i :x:- \' : c et p e r i o d ( F i r-; .  2 3 ) s o  no c l e ar pat t e rn 

r el a t e d  t o  cht e o r  .'l . .  nt d e v e l o pinent v ,' L S  d i s c erni bl e .  I f  

th e r e  v: e.s 2.11y t r end i t  ;:.: :. . s  i'o r  ::. c t i vi .t y  t o  b e  d e c l i ning 

in t h e  l et t e r c o l l e c t i on , 1. :h en nev·/ sho o t  gro':: t h  w 2.s und e r  

way . S inc e t h o  s cr f l o �  rnt e s  w e r e  h i gh e r i n  t h e  l � t e r  

harv e s t s , i t  c on l d  : ' p . e ; �r t hct t h e  cre ::tt e r  r u:::·.nt i t i e s  o f  

gi bb e r e ll i n- l t l : c  ;; u  h s t .  ne e s r.- e r e  b e in8 t r[ ·.ll S iJ O r t e d i n t o · 

t h e sho o t �; fr,; L!  , 'uov.t t h e  t i :. : c  o f  bud bur s t , ru1d during the 

e arl y s t 2g e s o :i: sho J t  2 l o � �.:;c.t i o n . 

,d t h  �el l s :  . : . 1 }l l e :::; ; : i t;l li f i c L·.n t c;.c t i  v i  t y  o c c urr e d in 

t h e  r e g i on o f  l(f C) . 4  - J . 7 1. ·. i t ll I L l  1 0 : 1 : 1 . , and d i ff e r ent 

s o lv ent r; y s t e n s  .,·,· e r e  n o t  u s e d in o rd e r  t o  d e t e c t  qual i t a­

t i  v e  d i f f e r enc e �� . · 
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S ii t1 i l E'.l' o b �� c; rv .:- .t i o: t �J \ , e r e  . . L .cl e o f  o a��l c o l l e c t e d i:i"L 
t h e  s princ o f  1 �: 7 5 ,  bu t ::i ntLlb e r  :d:' c lE '.n[; e s  \ / e r e  rnr>.d e :  
( a ) The s -J l v ent s :.1 ::: c: cl  f::n · o :;� t r :-. c t i o ll . .  · e r e  c h :�.nged . 

( b ) Aft e r  rtuni n.::-; t. . c  r e :�: l j_ c :-·.t e c hroD::--.t o t:r <'  .. J o , i !ld i v i du<.:.l 

Rf ' s ·, : e r e  e lut e cl , : •.:1cl . l. i c- -c.l o t ;3 o f  e ::� c l1 ·o. s e d  in t:te 

b i o a s s c..;y·- :1r (: V i  J u s l y  r-:: -. L i e :  .t e d  c �1ro m:J. t o c:r�·:..:J s t r i )1 0 

w e r e  b i o < ·. r � s <�y e c1  c1 j_ r c c t ly. 

( c ) A S E1 e S s.men t  0 �:· l ' :. c · :. -�\�'; ·· .r  C O L· G ell.t o f  li l1 e  b i O C'c S G 2Y 

i nc ub :: ;_t e ·- � - �; 1J , ·; c d  o n  t l!. e u ; ; e o f  r c fr< ·.c t o :·. le t e r , i•" -

s t e ad o f  

s erw i t i  v e  r· c i'r . . (; t o  . . t e: t c:: r 1 .- · r>  d e s j_ rf'..bl e , b o t h  . .  t e t ho d s  

v. e r e  f o unc� t o  i:J c ;·; · ·-.t i s f . e t  n·y ( F i g .  26 ) ,  and th. e  r c ­
frc;.c t o :  I C t r i c  : l C: t L.o cl  ' . .  � . S  w : c d  b c c :-m s e o f  i t s  ere :  t e r  

c onv eni 8nc e .  

( d ) ·.rh e  s :".l) ', . : ·. ;.:;  c c l L o c c c d  i'r o . :  y o tElS er e s t o.b l i sh c d  v in e s  

u s1.:u:�lly '. : i  t l-:. t ·, . o l e : '..d c r ::.: 0 ±' �:.bout 3 c ::i s . d i mf: e t e r , �t 

t h e  b 2.s e ·, ;h i c ll -.. e r (� b o th r c rn o v c d  c l o s e  t o  crotmd l e v e l . 

'rhi s  c ont r::·.s t r1 ··: : i t l t  1 07 .·: ·. : : 1 en t h e  b l e e d ing s 0. 1) \V8. s 

c o l l e c t e d f r o  . .! c� v o ry f e'. r3lW Yk: rerao v e d  frof,J t l1 e  

up:9 e r  F"rt o f  .:J l Li e r  c: : t .  bl i sl� e d  vin e �> . 

·, / ll i l e  s i c:n i fi c : -�i1t :.· .c t :L v i  t y  \ 1 �1. [:; s h o ·. :n t o  b e  ·,l r e s e n t  

( F i g . 2 7 ) '  ei b 1J e r e: l l i n- l i 1 :: e  ; ; ulJ ::; t :·-..rlC 8 8  :Ctp)'J e ar e d t o  b e  
pre s ent i n  onl y  l O '-'' c on c e::-1 t r�· . t j. on i n  t h e  S )r ine s ap . 
Ac t i vi t y  t:Lt a g i v .;:;n l l :.:Tve s t  <J , ·  t e  v,·r i e d  b c t1d e en 1:;1 <--'.nt s  o f  

appar ent l y  s i:ni l :.r f:l i z e  c-.:1d r; t :  : ": c  o f  d e v e l o pnent . N o  

d oubt such d i f f e r e:1c e s  c.r e d-u e in JY· rt t o  t h e  sr.L1.ll d i f­

f e r enc e s  in s t : .c;e o f  v i n G  ,�;r 8 \ i C l� , t o  tl1 e d i f f e r enc e s  in 

r e l at i v e  rat e of �; ; _ ·j lJro duc t i o :1 , 2.11cl t o  o t ll c r  plo.nt 

d i ff e r enc e s - c c r t ��inl�r pL .llt C ( ·r <:,bl e 5 )  wh i c h  \ I <:'.. S no t 

typ i c al b f  t h e  o �! u;) r  �J l . . n t s  c :; c d , }Jro duc e d  c o nt r a s t i nG 

bi o a s s ay r e su l t s . 'l't. c: rc s·ul t s  '. : e r e  f o r  t h e  c onc e11tr�� t i on 

o f  s ap gibb e r e l l i n- l i k e  sub s t : · 11c e s  t o  b e  h i ch e r  f o l l o � i nG 

bud bur s t  than · · ·r i  ::> r  t o i t , : : lld :::� �: in 1 9 7  3 ,  f o r  t h e  

appar ent c�: iO"Lmt � j  o f  :�:i i .Jb e r ,: l l in s  b c i n2 c. r:'..n s ) o rt e d  to b e  

tho.t s ap c o l l e c t e d . .  t e t  t iu c  i . , ._ . ! e d i o..t c l y  b e f o r e  , J o s t  o f  
the bud s v: e r e  full · e d e r'G e d  o r  bur s t , s h ow e d  t\ :o  ;_:- e 2.l-� s  o f  

o.c t i vi t y  - s o i· t e t h i nr; no t �:ho . n i n  � .ny o f  t h e  o th e r  s o.I:1pl e s . 
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Limi t e d  amount �:: o f  s ::L. ITJ l e  ,- , r c v e nt e d  furt h e r  o b s e rvc1 t i o n  o f  

thi s app8rent r u�l i t at i v e  c hana e i n  gib b e r e l l ins at t h at 

t ime . 

Al t hough e i b b e r e l l in �c t i vi t y w a s  no t fo l l o � e d  

t hrough t h e  v; int e r  and thu s t h e  p e ri o d when d o rmancy wo.s  

brok en , the r e sul t s  c o u l d  s u.:::;� ;e s t  th e ri s e  in GA l ev e l  

w a s  a s  2. re sul t o f  bud , , LO V e lnent and s o  supp o rt ing t h e  n ev1 

growt h , rath e r  t.ll.::..n c au s i ng bud br e e.k . !::> i mi l arly in o tl.c e r  

plan t s t h e  l ev e l  o f  Gil.- l i k e  sub s tanc e s  i s  gr e a t e r  a t  about 
the t i?ile o f  bud bur s t  ( Lav end e r  et al . 197 3 ,  Luc kw i l l  and 

W hy t e  1 9 6 8 ) , and t h e y  2.r e kno wn t o  b e  imp o r t ant in the 

promo t i on o f  sh o o t  e x t ens i on gro wth . rl o rking w i th t h e  

fl o w e r  bud s o f  c o f f e e , Bro�mi ng ( 19 7 3 a ) found that the 

gibb e r e l l ins invo l v e d  in d o n 1un c y  r e l e a s e  o r iginat e d  wi t h­

in the bud s  t h e m s e l v e s , and t hat gibb e r e l l ins sup ol i e d by 

the xyl em s2.p w e r e no t i nvo l ve d  in t h i s pro c e s s . 

The ini t i at i on o f  rap i d  growth may w e l l  r e � u i r e  

t h e  bu i ld u p  o f  h i gh GA-l e v e l s  whi c h would b e  d e t e c t e d 

in t h e  e arly s t ag e s  o f  ext ens i on growt h , but o nc e e l o nga­

t i on i s  pro c e e d in� GA- turno v e r  may b e  o f  gr e a t e r  impo rt an c e , 

and s o  e x t rac t abl e - GA l e v e l s  at t h i s  t i me ,, : ould fall 

( Robi t ai l l e  1 9 7 0 ) . 'I�h i s  would f i t  t h e  i d e a  o f  an e arly 

inc r e a s e  of sap-gi b b e r e l l in s  f o r  what e v e r  r o l e  they p l ay 

i n  ini t i at ing sho o t  e l oneat i o n , but whi ch l ev e l s  c ou l d  

then d imini sh \', i t h  a f[�l l ing s ap flow and w i th the i r  

m e t ab o l i sm w i  tli. i n  a gro\ iing sho o t , and an inc r e a s ing ro l e  

o f  the young l e av e s  i n  th e GA-m e t abo l i sm o f  the sho o t . 

Thi s i s  c o mpat i b l e �i ·th o b s e rvat i ons o n  chang e s  in s ap-

GA l e v e l s , GA u e t ab o l i sm in e l ongat i ng sho o t s , and the ro l e  

o f  l e av e s  in ext ens i o n growth - and w i th t h e  o b s e rva t i o n  

that in bud s GA l ev e l s  ro s e  as d o rman c y  w a s  r e l � a s e d , but 

s t o pp e d r i s ing v·: h en rap i d  exprm s i on b e gan ,  and then d e­

c re a s e d as thi f-; pro c e d e d  ( Browning 1 9 7 3a ) . Change s i n  

GA ac t ivi t y  Ir1ay c�l s o  ind i c 2. t e a c h;·:nge i n  t h e  ro l e  o f  GA , 

from st in tulat inc Hli t o t i c  ac t iv i ty in the sub-api c al m e r i ­

s t em o f  t h e  inc i p i ent sho o t  ( :::>achs e t  al . 1 9 57 ) ,  t o  a m o r e  

s e c ond ary fw1 c t ion o f  ! J Lc,int aining c e l l  d ivi s i on and c o n-
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trolling c ell e l ongQt i on in a growing sho ot in a s s o c i a­

t i o n  with o ther  t i s su e s  and hormones ( Cl e l and 1 9 6 9 ) .  In 

ass e s s ing the c ontribut i on o f  gibberellins t o  sho o t  growt h  

in the  kiwifrui t ,  i t  would be helpful to d e t e rmine t h e i r  

e ff e c t  on the  pro c e s s e s  o f  c e ll d i vi s i on and c ell elonga­

t i on .  Furthermore the e arly s pring ri s e  i n  sap- GA may b e  

r e l a t e d  to  the st imul at i on o f  c ambial ac t ivi ty at thi s 

t ime , s inc e divi s i on c c:m be ini t i at ed in do rmant tw igs 

by GA appl i c at i on ( Digby and ·j� ar e ing 1 9 6 6 ) ;  gibb e r e l l in 

al s o  enhanc e s  the mo b i l i s at i on o f  stored c arbohydrat e s  

( Sani ewski and Pi eniazek 1 9 7 2 ) ,  and c an aff e c t  th e d i s­

tribution o f  C - as simi lat e s  wi thin the plant ( Quinlan and 

W e av e r  1970 ) .  

In us ing a gradi en t elut i o n  t e c hnique t o  mak e 

qual i t at i ve c ompari sons o f  gibberell in-like sub s t anc e s  

t h e r e  was the probl em o f  var i ab i l i ty as s o c i at ed wi t h  the 

us e o f  a bi o a s say to  me asure ac t ivi ty , al t hough the pat­

t e rn s  o f  res pon s e  were  c ons i s t ent . It is al so  c oramonly 

found that growth r egulat or l evel s vary b e twe en -sampl e s ,  

and b e t w e en s e as ons , and Gc t ivi ty in the s e  s ampl e s  w a s  

muc h  l ower than that in s ap s ampl e s  previ ouslY analy s e d . 

Wh e t h e r  thi s  was due t o  the younger age o f  the plant s 

us e d , o r  to gre at er l o s s e s  as s o c iat ed with t h e  use o f  the 

S e phad ex and s i l i c a  gel c olumns is no t c l e ar . 

Gibberellin l ev e l s  in al l s ap sampl e s  analysed were  

c o ns i s t ently l ow , o c curring a s  a r e lat ively broad p e ak 

emerging from t h e  f inal c o lumn ( Fi g .  24 ) . However o v e r  

th e p e ri o d o f  o b s ervat i on a qual i t at ive chang e o c curr e d , 

whi c h  c ould w e l l  hav e b e en the r e sul t o f  the pruning 

t r e at ment . In e ach o f  the first two days o f  bl e e d ing , 

ac t iv i t y  was in the s ame po s i t i on o f  both s ampl e s , and 

p r e sumably r e fl e c t ed the s i tuat ion in the int ac t plant . 

But in the fi f t h  day ,  in the d e c ap i t at ed plant all ac t ­

ivi ty o c curre d  in a very different po s i t i on ,  in frac t i ons 

emerging from the c o lumn e arl i e r ,  indicating the appe ar­

anc e  o f  l e s s- p o l ar gibb erellins . At thi s t ime ac t i v i t y  was 

pr e s en t  in the s ame fr�c t i ons of the  part ially-d e c ap i t a t ed 
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plant , but in the ini t i al t e s t  act ivi ty also  o c curred at 
the usual po s i t i on . 

The s e  r e sult s  indicat ed that in plnnt s wi th young 
elongat ing sho o ts , compl e t e  d e c api tation resul t ed in a 
marked quali tat ive change in the gibberellin-like  sub­
stanc e s  pre s ent  in the bl e e d ing xyl em sap . But when s ap 
was c o ll e c t ed from a plant s t ill b earing inta c t  sho o t s  
bo th type s  o f  gibb erellins were  obtained . Appar ently 
l e afy sho o t s  alt er the type of gibberell ins in the sap 
ri sing from the ro o t s , and even part ial r emoval o f  the 
sho o t s brings about a change in the gibb e re ll ins  emerging 
from a cut  sho o t . I t  would be  int eresting t o  know whe ther  
parti al d e capi t at i on al t ers the  gibberellins in all the 
shoo t s ,  or j ust  in "the cut one s - pre sumably i t  i s  the  
forme r .  Clearly the ro o t s  and sho o t s  are no t func t i o ning 
inde pend ently , and apparently are int erac t ing w i th re s p e c t  
to  GA m e t abol i sm .  An int erc onversion sys t em has b e en 
pro po sed  by Cro z i er and lieid  ( 1 971 ) , and the  kiwifrui t 
vine would b e  sui t abl e for further studi e s  o f  th� c ir­
culat ion o f  ro o t  - and sho o t  gibb erellins . 

Cytokinins 
Low l evels  of cytokinin-like ac t ivity in sap w e re 

d e t ec t ed by the radi sh c o tyledon bioassay ,  in extrac t s  
prepared from the  two earl i e s t  sap coll e c t i ons in 197 3 . 

Mo re d e t ai l ed study in 197 5 showed the l arge 
variati on in sa , l ac tivity o f  plant s sampl ed at the same 
t ime that appears charac t eri s t i c  of thi s sort o f  inve s t i­
gation ,  and thi s m d;: e s  the re c o gnit ion o f  trends and 
relat i onships di fficul t ( Fig .  28 ) .  Thus at each harv e s t  
dat e , one plant produc ed sap o f  l ovJ cytokinin c ont ent that 
showed o nly a mod erQt e increase  with t ime ; whereas t h e  

' 

sec ond s eri e s  o f  plant s had a higher cyt o kinin c ont ent 
whi ch inc reased c onsiderably over the experimental peri o d . 
The t rend was for the conc entration o f  cytokinin in t h e  
bleeding s ap ,  and t h e  e stimat ed daily cytokinin trans p o rt , 
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t o  increas e markedly at the third and fourth harvest s ,  
and then t o  decl ine at the f inal harve s t . That i s ,  p e ak 
ac t ivity o c curred from the t ime mo st o f  the buds Dn the 
vine s were part i ally emerged from their  enc l o s ing t i s sue s , 
and ac t ivity was stabilising or starting t o  d e cline when 
most  bud s were at the advanc ed  bud burst-tight-clust er  
stage . The  lowe st cytokinin l evels were  early i n  the  
bleeding p eri od , b e fo re any vi s ible bud burst had occurred . 

I t  i s  no surpri s e  that substanc e s  wi th cyt okinin­
l ike act ivity were d et ec t ed in the sap o f  kiwifruit  vine , 
a s  they are wid e ly found in plant sap , and cytokinins o f  
r o o t  origin are c onsidered t o  be involved in d evelopmental 
change s  t aking plac e in the sho o t  ( Be ever and W o o lhou s e  
1974 , D avey and van Staden 1976 , Kende and Si tton 1 9 67 ) . 

High cyt okinin c ont ent o f  roo t  exudat e o f  the sun­
flower and tomat o i s  associated  wi th vegetative growth 
( Davey and van Stad en 1976 , S i tton et al . 1967 ) , and in 
the apple tree  ac t ivity is  highest  during active· sho o t  
growth although c onc entrati on i n  the s ap fluctuate s  over 
thi s period ( Luckwi ll  and Whyt e 1968 ) .  Sap cytokinins i n  
sycamore fluctuated  in the s pring , and ac tivity was not 
relat ed to  vi sibl e bud movement ( Purs e et  al . 1976 ) ,  
although as  in appl e ( Luckwill and Why t e  1968 ) cytokinin 
ac tivity appeared at a t ime prior to bud swell ing . The 
sugge stion o f  a reouirement for root  cytokinins for bud 
burst  i s  suppo rt ed by the data o f  Alvim e t  al . ( 1976 ) 
which showed a c onsiderabl e increase in  sap cytokinins 
prior to bud burst . Cytokinin ac t ivity in the ro o t s  and 
s t ems of the sugar mapl e increas e s  aft er a large surge in 
roo t  ac t ivity , and then hormone l evel fall s abruptly 
s everal days lat er as bud bre ak begins ( Dumbro ff and Brown 
1976 ) .  Thi s  s e ems t o  re fl e c t  the importanc e o f  the s e  
hormone s in  budbre ak and growth , and indicat e s  an import ant 
role for the ro o t s  in supplying the s e  hormone s .  The e arly 
low l evel s  o f  s ap cytokinin in the kiwi fruit ,  c oming e i ther 
directly from the ro o t  tips or from storage in the ro o t  
xyl em may play a ro l e  i n  bud movement , but the lat e appear-
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anc e o f  h igh ac t ivity sugg e s t s  sap c y t o k inins are no t 

playing a ma j o r ro l e  in the pro c e s s  o f  break ing bud 

d ormancy .  

W o rk ing wi th sugar mapl e , Dumbro ff and Brown ( 1976 ) 
found c y t okinins and gibb e r e l l ins b egin to i nc r eas e aft e r  

mo s t , i f  n o t  all , o f  t h e  c h i l l ing r e � ui r ement h a s  b e en m e t , 

and sugge s t  the syn th e s i s  o f  cyt okinins is  no t the ini t i al 

s t ep that l ead s t o  emergenc e from d ormancy .  The rol e , i f  

any , o f  the s e  h o rmon e s  i s  no t c l e ar ,  but high ro o t  c y t o kinin 

l ev e l s inc r e a s e  the amount o f  pho t o synthat e s  t rans port e d  

t o  t h e  ro o t s  and to  t h e  sho o t  t i p s ( Shindy e t  al . 197 3 ) ,  
and t h e  main func t i on o f  the s e  sub s t anc e s  in t h e  spri ng 

may b e  t o  c ontro l t h e  t ran s l o c at i on o f  pho t o synthat e s  and 

o th e r  sub s t anc e s . Bachelard and W ightman ( 1974 ) in t h e i r  

scheme f o r  bud growth i n  the s pring sugg e s t  an e arly move­

ment o f  c y t o k i nins from the ro o t s  whi c h  sho rtly b e fo r e  bud 

break ac t i vat e c e ll d i vi s i on in the ap i c al meri s t e m ,  and 

then sub s e quently suppo rt s sho o t  d eve l o pment in und e fined 

way s . Vari ous autho rs have indi c at e d  a r e n, ui rement f o r  

cyt okinins in th e maint enanc e o f  no rmal sho o t  growth 

( Aung and Byrne 1976 , Jon e s O . P .  1967 , 1973 , Luckwi ll and 

Whyt e 1968 , Rai l t on and Re i d  1973 ) ,  although i t s  func t i on 

may no t b e  given . In o rd e r  that normal d i f f e rent i at i on o f  

xyl em t i s sue c an oc cur i t  i s  n e c e s s ary that a c ombina t i o n  

o f  h o rmone s ,  inc luding a c y t o k inin , are pre s ent ( Pi eniazek 

and S an i ew ski 1968 q uo t ed in Janki ewi c z  1972 ) ,  and l ik e  

gibb e r e l l in ,  c y t o kinin ac t s  syn e rgi s t i c ally w i th auxin 

in s t imulating c ambi al ac t ivi t y  ( Pi eni azek e t  al . 1970 ) .  

Further d e t erminat i ons o f  s ap cytokinin ac t ivi ty 

( Fig . 2 9 ) again show the d i ffi cul t y  of making ac curat e 

quant i t at ive as s e s smen t s  o f  h o rmone l evel bas e d  on 

b i o as s ay ,  due to the v�ri a t i o n  b e twe en repl i c at e s . 

Howe v e r  c y t ok inin ac t ivity i s  shown to  b e  pre s ent in t h e  

sap f o r  five d ay s  follow ing d e c ap i t at i on o f  a plant , a t  

l ev e l s  e s s ent i c�lly unchanged o v e r  the f i r s t  t hre e d ay s . 

Whi l e  qual i t at i v e  change s rnny have o c curre d  i n  t h i s  p e r i o d , 
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the bioassay indicated all sampl e s  were uniform in c ompo si­

t i o n ,  and pre sumably indicat e s  the  c ontinuing ability o f  

a d e t ached ro o t  syst em t o  synthe s i s e  o r  release  cytokinins . 

By the fifth d ay the c onc entrat i on o f  cytokinin in the sap 
had declined markedly t o  v ery low l evels , although the s ap 

flow rat e was still be ing maintained at a high level  

( Fig . 19 ) . There al so  app eared  t o  have been a qual i tat ive 
change by the fifth day , to  give two peak s  o f  act ivity . 

It  i s  sugge s t ed the l o s s  o f  the  shoots  resul t ed in a change 

in the cytokinin metabolism o f  the ro o t s ,  whi ch i s  al so 

support ed by the pre s enc e of a s ingl e peak of high act­

ivi ty oc curring in  sap collec t ed four days lat er when 
fre sh plant s were d ecapitat ed . Skene ( 1972b ) also re­

c ord ed a qual i tat ive change in the cytokinins in bl e eding 
s ap o f  the grape vine , from the s econd day aft er  decapi­

tation .  
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d e c t i o u  3 

I.J o ruihncy <.:Lllcl 1 \ud Bur s t  

A .  , / int e r D o r,,l< J.ncy dJ.d Liw.l Uur s t  

I n  mo :J t  pl �:.nt s ,  d o r : . J ; t..::tc y  i o  c:!.ll inc o mpl e t e ly und e r­

s t o o d c ond i t i on ,  : 1 1d i_n t l t o l r i \ .' i frui t pl ant t h e r e  i s  l i t t l e  

d e t ai l e d info rm�t i o n o n  i t s  d ev e l o pm e n t  and l o s s . I t  i s  

b e c o m i ng c l c :::.r t£1 ;-� t c r , v i rGn; . .  di t �··.l c o ::·�d i t i o ns during 

d o rwcm c y  :J.r e v e ry hqw r t < �n t :i. n t L e  d e v o l o pmen t o f  the vi ne ,  

and b e c c.u o e ::> f  ·i. t �> i r;1 ! h) T' t < m c c t o  c o nm e rc i al �ro w e r s  t h e s e  

cnv i ro:nm en t � d. L.c L , , r ·.c . .  1 u �  t G c  f ul l y  lJ.ncl e r s  t o o d . 

'.t e lllp o r � t  t 1n · c  L '  l ' l ' C •  . t ._: l l  t ly o f  p :.: . rmnount impo r t anc e 

in t h e  d e v e l o p;uen t ; · lHl  t o r: . t:i 1 1  l, i on o f  d o rmanc y ,  but t h e re 

i s  o.l s o  the: ;· l o s : ; i \j j  1 i t y  ,:; f C t t  . .:: . . .  i c : · .. l :-:1 e tllo d s  o f  c o ntroll ing 
buO. d o nnanc y . 

'fh e  d o v c l o r • · · ' : i ! L : �: 1 .:1 l L> ;; :; o f  d :J rn :::n c y  'N c. s s t ncl i e d ,  
and o b o e rv �t t i on ;-; 1 . 1  � ck �; J c ! 1  , ! ,. ; �.: 1 1 1 end o g e no u s l1 o rm o n c  
ac t i v i t y . 

Bxperiwe.l -� l 1 9"1 · .. , l �J7 L.:_1 1 �)' 7 ( ,  1978 . 
}r e l i i.1in ::.ry .:.J LJ :'> c cv:  L i o l L J in t h e  1 t i u t e r  o f  1 9 7 3  

v1i th s i ngl e -no d e  : ;  tE.: ,, ;  c u t t j. i l ; '; :J  o f  Jruno had i nd i c :1 t e d  an 

inc r e as e i l l  L b.:: r;_ . l .::: 0 1'  bud b u r :}t :.�s s p ring appro ache d .  

rrhus mat e :c i al c o 1 L <-- c t e J i n  12 �trly July t o o k ne arly tv.Ji c e  a s  

l ong t o  g i v e  l U (),v  u t : .J I.J l l !' ; ; t ,  � t S ,,L� t e ri :J.l c o ll e c t ed in l ht e  

July o r  e :·trl �� A. r J. , _, u s t  - ·  �:c: 1 d  L o :J ;j t i :.:: e  s t i l l  was r e q ui r ed 

wi th Cl l _tt e , .u£�l. t :3 L \i.· rv c ::.;  t .  

( a ) '  l•'urt : : e r o L :...; .:.: rv . : t i on . ;  . .  a· e: ,, i ; ,d e i n  1 9 7 5 ,  inc lud ing 

the appl i c :  . .  t i on o l· . : r· .Y:1 t i 1  r c ,gu .L : t t <n� �-� by s t ;:.�nd i ng the 

expL:int s i n . : . 'J l'. knt .:.: :: W .l t t t i o J t .  l.'L::-t t •.: :r i :::�.l .,,. r, s  h e l d  und e r  

c o11 t i nu o u u  l' .L LU > l · c; : ; ,_; l_; / J  t l.t { � l -, t c � t  3 1  °U ,  l�i.lld s o l ut i ons �r; e r e  
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change d  t wi c e  a w e e lc . 

R e sul t s  

¥/ h e n  Bruno v'lo o d  ;·;�L s  c o l l e c t ed o n  29/5/7 5 many 

l e ave s  w e r e  s t i l l  on t h e  v i n e s , but they c ould r e ad i l y  

b e  d e t ac h e d .  Aft e r  a p e r i o d  o f  39  d ay s the r e  was n o  s i gn 

o f  bud mo v ement i n  �my o f  t h e 18 bud s on cut t i ngs in 

e ach t l' e a  tmen t :  wc.t t; r ,  5 0 p pm GA
3

, 50 ppm BAP , or BAP+ GA3 
( 50ppm e ac h ) . 

fJh e n  r;_ s h1 i l ::. r  s e c ond c o l l e c t i o n v m s  mad e o n  11 t h · 

Augu s t , af t e r  tvvo \ .' C e k s  t l t e  c: 0 n t ro l s  sho w e d  94�·� bud bur s t , 

and 89% in th e pr e s e n c e o f  �A3 • At that t i m e  s ev e ral o f  

t h e  c u t t ings r c c e i v i p.::_: c y t o !c i n i l l  h o.d. d r i e d  out , but t h e r e  

w a s  n o  s i gn  o f  'b u d  .·no v 2 . i1Cn t . G i b b e r e l l i c  a c i d  mark e d ly 

i nc r e as e d  sho o t  l s n3t h , and t h e  i n c r e a s e d  r a t e o f  bud 

d ev e l o pment i s  s l l O iilll b e l ow : 

Eff e c t  o f  G i b b e r e l l i c  A c i d  o n  r:_i_ t e  o f  Bud Bur st 

H o . bucl s : ·. t  1 e �.� s t  f u l l y  b u r s t . ( max .  18 ) 

+ 7 d ::y s -t 9 d <.�y s  +14 d als 

C on t r o l  o+ + 3+ + 
17 NS 

+ GA 7 
+ +  1 3++ 1 5 NS 

S i gn i f i c anc e d e t c n:l i n e d. a t  e .... �ch d :::� t e by analy s i s  o f  

vari anc e ,  ai-i<l i nd i c � :. t e d : U S  N on- s i gni f i c ant 

++ S i c;ni f i c r:n t ( 17 q  

Thi s e x p e r i m e n t  r � p e �t e d  w i th t h e  Abb o t t  vari e ty 

c o l l e c t e d o n  2 5/8/7 5 a·t a s t �ge when t h e  fi r s t  o n e  o r  two 

bud s o n  t h e  vine ·.-: e r e  B l l O \"Ji:t tt:; s i b'TI S  of bud mo vement . 

Af t e r 26 cL .y s c:.:. ::-; i; 1 1 i l ·  r 11r , p o rt i on ( 5 2 - 67;� ) o f  t h e  bud s 

had m o v e d  i n  E:: <...�c h  o :! '  t :1 e  f o ur t r e �'- tE'lent s ,  mo st t o  b e y o nd 

t h e  bud bur e t  s t c�:; e , c ! eel in t h o s e  expL..,_nt s  r e c e i vi ng GA
3 

sho o t  gro ;;-Jt h  \ : a s  . �r e : . t e r ( Pl ctt e 2 ) . 
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( b )  Cm 26 May l 9 T/ . �.bbo tt c x :JLmt s vi ere p r e par e d , ::.:"nd 

b o t h  end s dipped in 4 000ppHl l� Aj in 50i� e thanol , and again 

f o ur days l at e r , t h en h e l d  in �ut e r  at 2 3 °C .  Bud bur s t  
b e g<:m a t  t h e  s am e  t i u e  a s  the  c o ntro l s , and ro s e  to  26x� 

c ompared w ith 3 8� i n  t h e  c o n t ro l s . Dh e r e as s t em cutt ings 

usually p roduc e d c. .  s L o rt sho o t \';i th l arge , dark gre en 

leave s ,  gibb e r e l l i n  t r e: a t l:1 8 n t  J . t, •.rk e dl y  al t e red  bud grovvth -

there w a s  prono u.:nc ed  s t c1·,1 e l o n::;:-:. t i on , and th e l eave s  were 

very smal l and l itSll t ::�r e  en , ..-..-i t h  . .  :c:�rked hai rin e s s  on the i r 

up11 e r  surfac e .  

( c ) In 197G  ,· nd .L •J7 '7 l ' C.! C u nL:  o f  bud bur s t  b eh;:.vi our o f  

one-node  Abb o t t  c u. L  t .L:u:�s l t o l d  und e r  c ont inuou s  l i ght at 

23°C showed t i l e lo ;,: s  o f  bud d o rii1c:.n c y . 

·rable 8 pr e s e 2 1 t s t : ll;  r c ; :u l t �; l) f t i l e  C (u t ro l ( d e fo l i e:.t ed ) 

tre atment o f  �x p e r i mcn t 2 i n  � e c t i o n 3B . S imilar re sul t s 

are al s o  sho 1m f o r w · L e: r i : �l c o ll e c t ed at 13 d c:.y int erval s 

in 1977 ( se e  nl s o  P i t� . 3 2 ) . 'L'he  t i me r e r• ui r e d  t o  ac hi eve 

50!� bud bur s t i s  a u s e ful :t' i ,n; ur e  f o r  c ornpo.ri s on , and al s o  

ind i c at e s th e ::1c cu1 t L t e  t o  b u d  burst f o r  c.. group o f  cut t­

ings ( Ant c l i ff <: Lnd r.irw l�l Li l ) . 

Tabl e 8 :  Bud Bur s t , ,  L lJ i f f e r e n t  i � arv e s t  Dat e s  

( i )  Abbo t t  1 9 7 6  

Harve st �� Bud i.Ytn·s  t; i -'  : .lOVin['; .u ::tys t o  50;6 
Date at 2 3  cl ay s  <:t.t ;� 3 dc.y s bud bu,rst 

2 2/1 7 3  07 1 4  

2 3/2 5 9 6 2  1 6  

1 2/4 38  () J  27 

1/6 3 40 2 8  
5/7 gS  ( 2 1 day s ) lOO 1 5  

23/7 9 3 ( 1 8 d CLY s )  9 3 1 3  

4/8 94 ( 1 5 d c:  .. y s )  94 11 
7/1 2+ lOO ( l G  duys ) l O O  8 
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T ab l e  8 :  Bud Bur s t  at D i f f e rent H arve s t  D at e s  ( C ont . ) 

( i i )  Abbo t t  1977 

Perc ent age bud bur s t  

Harv e st 11 14 21 
dat e 

4/4 4 20 5 5  
2 2/4 0 5 30 

1 0/5 0 0 0 
26/5 0 0 6 
1 3/6 0 0 13 
26/5 
+C o o l e r6 0 2 46 

• 
1/7 0 4 58 

1 8/7 0 1 5  57 
28/7 20 80 87 

e o o H e l d  a t  0 - 1 C f o r  2 5  days . 

aft e r  ( d ay s ) D ay s  t o  l\'lax . 
50% BB fa BB 

28  38  

7 3  8 3  20  8 3  

5 6  8 3  26 83  

6 46  44  51 

28  3 8  - 38 

4 1  4 5  46  4 9  

6 8  7 2  2 2  7 2  

6 2  6 4 18 6 4 

6 1  6 3  17 6 3  
- - 1 2  87 

D e e p e s t  d o rmancy in 1976 o c curre d  in the bud s at 

1 June , the b e h avi our o f  wh i c h  bud s c o nt r a s t ed mark e d l y  

w i th bud s a t  sub s e quent c o l l e c t i on s . U s i ng ac tual t e mp e r­

atur e r e c o rd s  and the nomo graph o f  Spr e en ( 19 56 )  th e d egre e  

o f  Q h i l l ing w a s  e s t imat e d  from 1 Marc h , s o  that f o r  m axi ­

mum bud burs t  ( i e .  > 9 0ti ) :  

0 
No • Hours < 7 .  2 C 
No . d ay s  2 2°c 

Harv e s t  dat e ( 1976 } 

1 Jun e  5 July 23 July 

312  

34  

768  

21  

970 

18 

Thi s i nd i c a t e s  that aft e r  e xpo sur e t o  a r el at i v e ly 
I 

l o w  ( ap pro aching 768 hour s ) l ev e l  o f  c h i l l ing , rap i d  bud 

burs t  o c curs . But al l sampl e s  sho wed almo s t  t o t al bud 

� burs t  eventual l y , and the c al cul a t ions abo ve sugg e s t  warm 

t emperatur e s  ar e more e ff e c t iv e  t h an c h i l l ing , in b r e aking 
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do rmancy e g .  bud s t ak en at l June ( c f 5 Jul y ) and given 

an a<ldi t i o nal 3 1 2 h o urs ( 1 3 d ay s )  at 2 2°C b ehaved l ike 

bud s given 4 56 h o ur s  of adJ i t i o nal chill i ng . Thi s. r e sponse 

is  t h e  s ame e.s d o rmant grape bud s ( Antc l i f f and May 1 9 61 ) ,  

in that the  hours o f  c h i l l i ne given i s  gre at e r  t han the  

r e sul t ant redu c t i on i n  t ime <:.i. t  r:arm t emp eratur e s  n e e d e d  

f o r  bud burs t .  l l O \'J e v e r , .. :L e n  lmd s •r.· ere  c o l l e c t ed o n  

26/5/77 �:;.nd h e l d  � . t  3 3°C ,  1� : e r e  1·.;o.s no s i gn o f  bud mo v e­

ment aft e r  2 3  d c:ty s , a t  wh i c ! 1 t i 1 :1e  2 2i'� w e r e  moving wh e r e  

held a t  2 3 °G - i e .  v e ry l l i �;il t e rn �' e r tur e s  d i d  n o t  p roi!lo t e  

bucl bur s t  :;f cl o rmr.,n t bud s . 

During the  v:i n t e r o f  1977 bud �:> c o l l ec t ed on the l s t  July 

bur s t  mo re  r:.:.�p i cl l y  t : t :..:.n tho s e  L ::-tlc en e arl i e r .  By c al c u­

l at i on i t  v 1 <J. S  e s t i J tl< . t e cl t l d ; r e  l 1  •. �d b e en 5 20 hours chilling 

( at l e s s  t h an  7 .  2°' )  t o  13 J w1e , cmd o70  hours t o  l s t  July , 

and t h e  c harac t e ri s t i c s  o f  bud s fro ��1 t 11 e  lat t e r  harve s t  

app e ar e d  d i f f e r ent from t h e  t .;r  :J i c ally do rmant June bud s . 

Again i t  ap'�. e �·�red  <:"i D i f  i n  L . t e  J une , only C'.ft er abo u t  

700 hours chi l l in{; d o  d o r  . . 1ant bud s behav e  as they d o  i n  

e arly aut w:m and �; >r i nr; , ' . .  i tl"1 :_ , h i gh d e.::;r e e  o f  bud burst 

that b egins e c�rl y  . �nd . r-o c c e d : :  r:··. pi dly . 

( d ) 'l'h e a b j_ l i t �' u �- ·.·: � Ti !� t e : : : t ; e r�-� t ur e s  t o  sub s t i tu t e 

f o r  c o ld t em p e r�t t -...,r e  :� i l l  tL  e i : r e c>.: = in:� o f  do rmancy was 

stud i ed in t h e  [i. U t ulim of 1 ')7 � . \.me-no d e  Abb o t t  cut t i ngs 

were h�'.rv e s t e d on 2 3 i:; <.:.y ( t j l l  L o u r ;J f i e l d  chilling ) o.nd 
held in w a t e r  f o r  ;� 4 d ay s  l '57 o  hours ) a t  0 ,  4 ,  8 ,  1 2 , 16 , 
20 o r  2 4  °C in t l"t e  d <: .rl� , b e fore  b e int:; t rc-.n s f e rred t o  2 4  °C 

and c o nt inuous l i gh t . 

Bud bur s t  o f  t l l e  J :i  bud s per  t r e a t ment i s  shown 

in Fi g .  31 . 1' h i  u :j l t ,) I'.' S t h e  rap i d  bud burs t  foll owing 

s t o r age in t emp e r: . c ur e s � 1 2 °U , ::md delayed  bud bur s t  at 
warmer t £n p c r�ture � �here  t h e  bud s had no t previously 

re'c e i  ved such a c l . i L J. i nc>; t r e : �t uerit . . / h en the  dat a i s  r e ­

arrange d  ( Fi g .  31 ) t o  s l1 o -.v bud bur s t  f r o m  t h e  end o f  the 
pre- t r e :.1.tme:nt  ( s t o 1· g e ) t c ;:t : l e r:.· tur e , i t  c an be  s e en that 

bud bur s t  was h i ;;L i J1 · . l l  t r e �-t. t:-.1ent s and that c old t emp e re.-
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ture s t o r age d i d  no t in c r e n s e bu� bur s t . Th e re was a 

sugce s t i on that bud burs t w a s  r e duc ed by s t o r ag e  at t h e  

l ow e s t  t emp e r ature o f  0°C . 

�xpe r iment 2 1 9 7 5 ,  1 9 7 7 . 

In o n e  t e s t o f  Gro w t h  r c cul ut o r  e f f e c t  o n  bud 

bur s t , t h e  ho rmon e s ·:1 e r e :1.ppl i e d in 1 .::-illo l i n  t o  ensure 

th e y  w e r e  �b s o rb e d  int o t h e  bud t i s sue s . F i r s t ly , Abbo t t  

cut t i ng s  'h e r e  t �.k c n  i n  e � .rl y A.u��u s t  c .. nd maint ained at 

about 31°� und e r  c o n t i nuou :::; f l u o r e s c ent l i ght . The l an o ­

l in mixtur e s  ·i.: e r e;  : · p · ., l i e cl o n  t L c u<J · e r  c u t  surfu.c e o f  the 

expL::n t s ,  c.nd c l o ::; e l y  c .ro uncl t h e  bud c'.ft e r  the swol l en s t em 

t i s su e  env e l o p i uc; t L  c bud k .cJ 1J c e n  r c lilo ved . Aft e r  t wo 

w e e k s , l imi t e d bu Ll bu r s t  k .. ci o c .:: urred i n  t h e  c o n t r o l s ,  

but no mo v e .  t e n t  L ·  J o c c Llf' . · c d  L 1  � 1 : c  L .no l in t r e �: t raen t s , 

in whi ch l ::.Lt t e r .:-.1 1  t � l c  bucL '. .' e r e d e � .d . 

·, J i th !L. t e 1· i ::.· l i L : ' rv e: · t e d o n  1 6 /8/7 5 an e xp e r i m ent 

vms l a i d  cl o vm t o  ci c t e: r . t i · u e:  . . : , o t l l e r  i t  ' . .- � � s  t h e  L�no l in o r  

n o d e  cut t L 1:3 �-: ( 1 ,; / � c ·..: 
ancl t r e [� t e: c.l t� cus : 

·.rr e a t u cn L "' _, ( �:;  . . .  ) \' 

\..! : :  . l  

J. t e sul t s  

'- '"' 1. ,_ ) · ·· r e  , . .  l. - ,  : . .., l· , · c d  u · '-� l i.J  , , •_ · •. 1 ... . _ .. u �  ... - 1  c:. s  abo v e , 

]. , . . " . : i  c l e �  r bud s in t r e at t.� en t 
one •:: e r e .. 1 o r e  < �dv ne . : Ll , E\1 i cl  J' c: . , . i n c d  al l e 2.d o f  tho s e  i n  

t r e ��t ment t\ . O . . r  r� r .:;  1 ·  .! W l  L i  . : ;  � �l s o <.'.p l i e d th e r e  \",' Z . S  

an e v en : •;r e :  . t e r  t'l c l · �" , . .  et �'l�/ bv.cl s . . e r e  k i l l e d  

- a s  sllO\ ii1 i n  t . !. C:  :f' o l. 'l o ·. : i 1 1  t · ,J l e : 



Numb e r  bud s [·tt l e a s t  fully bur s t ( :Ja:x: . 1 8 ) 

+9 +12  
T r e atment l 1 2  1 8  
Tr e at m ent 2 0 8 

'rr e atment 3 0 4 

+18 

1 8  
18 

8 

( 9 d e ad ) 

1 5 2 .  

day s  

C l e arly bud bur s t  '. 1 :-:� s d e l;:,,y e d  b y  r e : wving t h e  t i s sue 

aro w'ld c;. bu d , and L �no l in v·:ar; v e ry d e t ri'l1ent al to bud 

gro vtth . 

Furth e r  o b f.:; e rv:-·. t i o n s  �, ; e r e  nc,,d e in t h e  v:int e r  o f  

1977 o n  th e e ff e c t  o u  bud bur :-_: t o f  th e t i s su e s  surround-

ing t h e bud . 

One-no d e  Abb o t t  cu t t in,c•: s v: e l� e  h e l d  und e r  c ont i nu-
a ous l i gh t  nt 2 3  C fro · 1  �l rv <J ; · t s  macl e o n  1 0  fiiay , 26 I!I2.y , 

and 2 8  July . On c c�c:1  dLt e o :n e  t rec.t1:1ent c o n s i s t e d o f  

r emoving all the t i s : :: u e s  ourround inG t h e  bud in c ompari s o n  

w i th unt r e c,t e d c o n t ro l s  : .nd : . t  t h e  t vio e 2rl i e r  dat e s  o th e r  

cutt ings had onl y cno1_;_gh t i s . ; u e  r e:_ ,o ved t o  all ow t h e  out e r  

5 - 6 bud s c �: .l e s  t o  b e  r CL10v c d . 

Re sul t s . 
On c..tll o c c : c o i o n ::::; bud lJI.n�s t ;_· ; a s  s t rongly pr omo t e d 

by r emo vc'.l o f  t : 1 e  t i  s �-;ue surr ou:c1d i ng the bud , e sp e c i ally 

at the e arl i e s t h< .rve s t s v1h e n  the bud s w e r e  c:.t th e i r  

mo s t  d o rncmt s t ctg e . I t  w a s  i"'.l s o c l e ar t h 2.t thi s pruning 

tre atment r e sul t e d in c-.lmo s t  t o t al bud bur s t , c onpar e d  

wi th t h e  l ow e r  l e v e l s achi eved i n  the c o nt ro l s  ( T abl e 9 ,  

Fig . 3 2 ) .  An 2l111o s t  i d ent i c nl r e s �)ons e f o l l o w ed t h e  

r emo val o f  t h e  bud s c al e s .  



� 1 5 3 . 

T abl e 9 :  Bud Bur t; t C" ) li' o l l o :. -d:tlG Pruning T r e atment 

max . 
1 2  2 2  28 38 7� Bud 

Harv e s t  T r e 2.tment c1 o;;J.y s  c1 E:-cy s  d ay s d ay s  Bur s t  

1 0  May C ont r o l  0 0 0 4 6  5 1  

- Bud s c c�.l e s 0 67 9 3  - 9 3  
- St e El t i s �u. e 0 7 7  l O O  - l O O  

2 6  May C on t r o l  0 9 a  28x 38 38 

- Bud s c � · l e s  0 3 9b 6 9 y - 6 9  

- S t en t i  s :�_:u e  0 47b 6 8 y  - 6 9  

28 July C on t r o l  3 3 37 - - 87 

- S t e c;  t t s ;;u_ e l O O  lOO - - 1 0 0  

Anal y s i s o f  v : . .ri cmc c ,  nu .. :ib e r s  bud s bur s t : 
( a )  Harv e s t 10  f,lt:Ly • .Ll e s c al e c f .  C ontrol - t r e atment 

d i f f c r e � � c e s  s i c;ni fi c cillt ( p=O . Ol )  at 

') ,-., 2 ° 3o0 d..,ys  '- c::. ' u ' --· 

( b )  Harv e s t  2 6  l .1ay . ·r r e r �.L! E:mt d i f f e r e:1c e s  s i gni f i c ant 

( p= 0 . 01 )  at 2 2 , 28 d �y s . Tre at�ent 

e f f c: c t s  s h o \ tn <:· .. b o v e  by Du.nc c:ill ' s 

I lul t i p l e  Range t e s t  ( l?� ) .  

( c )  Harv e s t  � 3  July . rrr e : •.t :.1 ent d i f f e r enc e s s i gn i fi c r:mt at 

1 2  ( l 1 u ) :md 2 2  ( 5;� ) d ay s . 

'fhe r e  i s  �1 0 o bvi o u s  exp l ,� .nc .. t i o n f o r  t h e c ont r a s t ­

ing b eh avi o ur sho·.·m i n  1 977 \'l i th t h c. t  d emon s t rat e d  above 

in 1 97 5 . 

Expe riment 3 1978 
A furt h e r  s tud y of bud burst foll o rdng v10und ing was 

mad e , and t h e  p o s s i bl e  i nv o vl e:·,! ent o f  e thyl ene i nv e s t i g o .. t e d .  
I 

S t em C Lit t j ng�; o f  Abb o t t  w· e r e  p r e p ar e d  in t h e  usual 

way aft e r  hQrve s t i n[_'; o n  24 r.;ay , o..nd v:i tll e i ght e en cut t ihgs 

e ach t h e  f o l l o wi nc t r e atment s w e r e  appl i e d :  
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tiG .  3 2 .  EFFEC T O F  PRUNING TREATMENT ON BUD LJUR::J'.r A :i'  I�HllZE HARV E:ST DATES . 
( a )  Tissue removed around bud . ( b )  "Bud s c al e s "  remo ved . 

--



l J 5 .  

'.rr e a:tment 1 C ont ro l s  
'l'r e atment 2 'l' i s su e  c�round bud rer:1o v e d  

T r e atment 3 rl1WO cut s . :< .:. d e  on e i th er s i d e  o f  the bud , in 

t h e  S '.'Wl l en p e t i o l e  b �\ 8 8 .  

T r e o.tment 4 S o c�lc e d  f o r  30 i!lin s .  in Ethrel+ 2 00 ppm 
'rr e a  t ment 5 " l l  1 1  " " " 2000ppm 

T r e atment 6 " " 1 1  1 1  1 1  1 1  lOOOOppm 

T r e at ment 7 " 1 1  1 1  " i l  " 20000ppm 

T r e atment 8 A s  i n  ( 2 )  w i t h  l' r�raf i lm 2.!ld l ano l in 

c.ppl i e d <. .• round bud . 

+ 8 1 4 JO e th e ph o n  

H. e s ul t s .  

Th e r0..t e  o f  bud bur s t  \ .'C .. s ::d f e c t e d  by Ethrel 

( e t h e phon ) or t r e at ··-lent numb e r  t\'JO ( F i g .  3 3 ) .  Bud burs t  

was enh anc e d  by remo vintS t h e  bud ' s s urro und ing t i s su e s ,  an 

e ff e c t  th � Lt vrc.:' .. s l o s t i f  l c: .no l in vva s apvl i e d f r e n uently 

around t h e  ex :-. o  s e d  bud . fhy s i c ctl w o und ing by c u t t ing w a s  

i n e f f e c t iv e , and e t J1yl ene t r e atment d e l �y e d  bud burs t  a t  

a l l  c onc ent rat i on s  - t o t ally p r e v enting bud bur s t  o v e r  a 

7 -we e k  p e r i o d  i n  t h e  t�o hi �he s t  c onc entrat i o n s . 

Expe riment 4 

I t  wa s nl s o  o f  int e r e s t  t o  d e t ermin e  wh e th e r  t h e  

p r e s enc e o f  ro o t s  \V l:'. S  fav o ur:: -.bl e t o  bud hur s t  in the s pring . 

I ni t i al l y  t h i s w a s  o b s e rv e d  i n  the w int e r  o f  1 9 7 3  by t ak ing 

a numb e r  o f  rat h e r  \N e ak and v��r i abl e Ab bo t t  p l ant s .  Pl EJnt s 

were t ak en int o o. h e c. t e d  gl a s s h ou s e  in e arly July , e arly 

Augu s t  and mi d Augu s t , and on e ac h  o c c a s i o n  the t o p s  w e re 

removed from half t h e  pl:-:nt s ru1.d plac ed in wat e r o  

I n  e ac h  s :�mpl in£!; , bud s bur s t  at ab o u t  the s am e  

t im e  i n  e ac h  t r e at m ent i e .  in t h e  pre s enc e o r  nb s enc e o f  

r o o t  sy s t em .  H o � e v e r  t h e  rat e o f  bud bur s t  inc r e a s ed w i t h  

t h e, lat e r  Sai11pl ings , t o t al r e s �> o n s c  t �1k i ng 45 d2.y s  in 

e arly Jul y , 2nd 18 d 2.y s i n  :11i d Augu s t . 

In J aJ.1UC'.ry 197G  cut t ings o f  Abb o t t v; e r e  ro o t e d , and 
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EFFECT OF ETHEPHON AND PRUNING TREATMENT ON 
BUD BURST .  TREATMENT NUMBERS SHOWN : 

( 2 )  Remove t i s sue . ( 3 )  Side cuts . 

.......-

( 4 )  Ethephon IOOppm . ( 5 )  Ethephon �OOOppm .  

( 8 )  Remove t i s sue , s e al with lanolin . 

Harve st 24/5/78 . 



1 57 .  

grown i n  a gL� s sh ou s e  i n  plas t i c  bags o f  p e at and s and to  

make up t o  4 '  o f  growth . They w e r e  plac ed out s i d e  in t h e  

wint e r ,  and c u t  b a c k  t o  about 9 " . On the lOth July 
( 5  we e k s  a.ft er the l eave s  r1 e r e  fro s t ed o f f ) and o.l s o  o n  

7 Augu s t , 48 plnnt s \?ere t aken int o  o. ro om h e l d  at 2 1  °C and 

w i t h  c o nt inuous fluo r e s c ent l iGht . On each d a t e  the t o p s  

o f  half t h e  plant s � e r e  removed , end pl�c e d  i n  wat e r ,  and 

bud movement r e c o rd e d  f o r  all plant s . 

Re sult s .  

The rat e o f  bud bur s t  vn,s s imi l ar , and very rapi d 

i n  e ac h  o f  the t\ IO s u.l,1plin{;s , b e ing o nly a few days 

f as t e r  in the s e c ond s ampl i ng . 

·rabl e 1 0 :  The e f f e c t o f  Ho o t  H emoval o n  Kiwi frui t 

Dud Burst 

( a )  Bud s moving ( ; .., ) 
::> ampl e 1 .  10 July Sc.mpl e 2 .  7 Augu s t  

9 1 1  1 3 6 9 1 2  days  

- Ro o t s  7 4 8 3  9 5  67 91 91 

+ Ro o t s  6 2  100 lOO 96 l OO lOO 

( b ) Bud burs t  ( iJ ) 
- Roo t s  56NS 74NS 91NS 4 6NS 91+ 91+ 

+ Ro o t s 3 3NS 9 2NS lOONS 6 7NS l OOT 100+ 

Signi ficanc e t e s t by analy s i s o f  vari anc e , 

NS Non- signi fic ant + S igni fi c ant at 5% l evel . 

C l e arly , on e o.ch o c c as i o n  the rat e o f  bud burs t  

w a s  n o t  al t er e d  b y  t h e  abs enc e o f  the ro o t  sy s t em , although 

sub s e 0uent gro wth r<1.t e 'Nas reduc ed . I n  t h e  intac t pl ant s 

sap flow ( and bl e ed ing ) o c curred s o on aft e r  plac ing plant s 

in t h e warmth , but i t  i s  ougge s t ed i t  d i d  no t c ontribut e 

to  t h e  early s t uc;e s  o f  bud burs t , as bud burst was no t 

aff e c t ed by the  o.bs enc e o f  the s ap flow . 



1 58 .  

Wi thout d i sturbing the ro ot  system o f  the se  plant s 

i t  was not po ssible  to  observe very much o f  the ro o t  

sys t em t o  asc ertain when new ro o t  growth o c curred·. When 
plant s were taken into the glas shouse no ac t ive ro ot  tips  

were pre sent within three  days , before there were vi s ible 

signs of bud movement - al though mo i sture cont ent o f  the 

buds would have been inc reasing ( s e e  lat e r ) .  

Further obs ervations o f  ro o t  growth were mad e in 

1977 using well e stabli shed multi-shoot  Abb o t t  plant s 

which were transferred int o  ro o t-observat i on t ins at the 

end o f  April . Seven plant s were brought inside  und er 

continuous low fluore sc ent light at 23°C + 1°C on 12/6/77 , 

and ano ther seven on 10/8/77 . following which early bud 
and ro o t  growth was recorded . 

fhe plant s vari ed somewhat in the numbe r  o f  new 

roots  rec orded , and when ro o t  growth began , but certain 
trend s were cl ear . 

( i )  Early (June}  sample 

Newly ext ended ro o t s were usually pre s ent  aft er 
15 days , at whi ch t ime the one or two mo st advanced buds 

were at c omplete  bud burst , and lat eral ro o t s  appeared at 
26 days . The number o f  elongating ro o t s  showed an increase 
at about 19 days , the t ime at which the number of buds 

visibly burst ing was rapidly rising ,  and shoo t  elongati on 
soon fol lowed . 

( ii )  Lat e (August )  sampl e 
Ro o t  growth and bud burst  oc curred so oner than i t  

d i d  i n  the June sampl e ,  - by about 6 and 1 2  days respect­
ively . Thi s may suggest a differential effect  o f  winter 

chilling on bud development and roo t  development . 

Roo t  growth o ccurred by the e ighth day , and became 
mo st  rapid  in the llth day . All plant s had some fully 

burst ( emerged ) bud s on the third day ,  and rr.arked s t em 

el ongation oc curred on the 11th day . Over the period o f  
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o b s e rvat i on plant s o f  b o th s amp l e s  produc e d  a s imil ar 
t o t al number o f  ro o t s , the patt e rn o f  growth o f  e ac h  

b e ing shown in F i g . 34 .  

Henc e , wi th bo t h  sampl e s  ro o t  and sho o t  growth were 
l inke d ,  ro o t  e x t en s i on b e gi nn ing r, s the f i r s t  bud s showed 
s i gns o f  emerging ( June ) , o r  e l s e  foll ovving bud movement 

by 5 d ay s ( Augu s t ) ; nnd \·\·h e r e  i nd ivi dual plant s had mo r e  
advanc e d  ro o t  d e v e l o pme n t , t h e y  al s o  had m o r e  advanc e d  
bud/sho o t  d ev e l o pm en t . A no t i c e abl e ri s e i n  ro o t  act ivity 
c o inc i d ed wi th th e p r e s enc e o f  a large numb e r  o f  burs t ing 
bud s ( June ) , or t h e  e ar l y  r � L p i d  e x t en s i o n  o f  s ho o t s  ( Augus t ) . 
Al though ro o t  e l a n � . t i o n i s  no t a me a sure o f  ro o t  me t abo l i c  

ac t ivi t y ,  t h e �; c  r e � u l t s su;� · � e s t  ro o t  growth was support ing 
the s i mul t an e ou s c r o v1 t h  o f  t lJ. e  bud s <:.nd sho o t s , rather 
than prec  edin(:i i t  c tnd t h e r e  b y  i ui t i at i ng bud d e v e l o pment . 

Bxpe riment 5 197 5 
U s i ng mL.!.t e r i �d- o f  t h e  V< �ri e ty Abbo t t , c hang e s  in 

the  c yt okinin l ev e l  o f  bud s  d u r i n� bud burst were  f o l l owed . 
A c o mpari s on w � s  m�d e b e t w e e n  bud s rec e i v ing natural 
c hi l l ing i n  t h e  f i e l d •:vhi l e a t t o,ched t o  the pnrent pL:�nt , 

and bud s on ( l  e t ct c  l1 E: d  sho o t s  c h i l l ed in t h e  c o ld ro o m .  

l.i e thod s . 
Un 2 9/ 5/7 � c �. n e  s \\ e r e  cut i n  t he fi eld , and only 

the middl e port i ons o f  i nd i vi dual sho o t s  w e r e u s e d . 'fh en 
1 50 bud s w e r e  c o l l e c t ed , and as for  all s ampl e s  an al y s ed 
they c onsi s t ed o f  t h e  bud and i t s  surro und ing swo l l en 
p e t i o l e  bas e . Al l bud sampl e s  were f roz en ,  and l a t e r  
fr e e z e-dr i e d , th e n  h e l d  i n  [·. d .; e p  fre e z e  unt i l  a l l  sampl e s  
were  ext rac t ed and �nalysed  t oge ther i n  January and 

February fol l o wi ng . 

l•'rom t h i s L < trve ::-; t , l engths o f  sho o t  were al so  plac ed 
in a plas t i c  bag i n  a c o o l  ro om at 3 ° - 4 °C ,  for art i­
f i c i al ch i l l ing .  A f t e r o w e e k s  c h i l l ing , on 11/7/7 5 ,  



161 , 

the s e  sho o t s  were  cut into one-nod e  cut t ings and plac ed in 

wat er in a c ab i n e t  at 2 3° - 24 °C with a 16 hour daylength 

to induc e bud burst . At i n t e rval s 1 3 2  bud s were  harv e st ed 

and s t ored , as d e s c r i b e d  earli e r .  

A s e c ond c o l l e c t i o n o f  wo o d  w a s  mad e from the f i eld 

on 11th August at vvh i c h  t i rn e  s a-p b l e e d ing was o c curring 

but there  was no s i en o f  bud bur s t .  Explant s w e re h e l d  

a s  above , an d  s i .11 i L : r bud c o l l e ct i on s mad e to  d e t e rmin e  

cytokinin ac t i vi t y . 

t.:x t rac t i o n und f.JU r i f i c  . •  t i on o f  t h e s e  s ampl e s  was 

bas ed on the ;ne thod  o f  l l e w e t t  and dareing ( l97 3a ) , and i s  

shown i n  F i g . 3 5 .  

Not e s  

PVP slurry - ·rhe v. s e  o f  i n s o lu bl e polyvinylpyrrolidone ( PVP ) 

as a highly effec t i v e  pur i f i c at i on o f  gibberellin-like  

subs t anc e s  in  plnn t  ex t r�c t s w a s  d e sc ri b e d  b y  Glenn et  al . 

( 1972 ) and has s u b s e n u �C·n t ly found ·N i d e spread us e ( Bowen e t  

al . 1973 , i i l l i am s  e t  al . 1974 ) .  

The sa.rnpl e i n  a b o u t  5 J c c  ;;at er , 6 0 c c  methanol was 

add e d  t o  5gm Ply c l ar 11.1' ( 2 50 - 500 pM )  and shaken 30 

minut e s .  After f i l  t rc .t i on , 7 5 c c  70�'o methanol was added  

t o  the  PVP , shak en 30 minu t e s , filt ered , and the  solutions  

mixed . 

Bio rad c olumn - '.rhe ac i d i f i ed methano lic  extract was then 

passed  through the c o lumn . '.rhi s  was a 17  x l . 7cms packing 

o f  Bio-Rad AG 50 •1 - x8  100 - 200  me sh in the H+ fo rm .  The 

r e sin had b e en washed with lOOcc  lN HC I and then washed 

with wat e r  unt il ac i d i fi ed eluant showed no  reaction  w i th 

s ilver nitrat e s o l u t i o n . 'l1 h e n  4 0 c c  7 0/o me thanol ( pH4 ) 

was pas s ed through th e c o lumn , b e fore  add ing the samp l e . 

Aft er the s ampl e had b e en appl i ed i t  was elut ed  
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F r e e z e  d r i e d  s ampl e 

Ext rac t 3 ° C in 3 2 0 c c  9 0% MeOH 2 4  hours 

( 2  change s ) . Reduc e t o  ab out 3 5 c c . Fil t e r· 

pha s e  

d ry 

" Aque ous " phas e  

Slurry v'ii th P VP  
Fil t e r 

;·,r e t hG.no l i c  e x t rac t 

Ad j us t  pH 2 . 6  

A p p l y  t o  Bi o rad c o lumn 50W - x8 

�lu t e  with NH40H 

R educ e  t o  about lOOc c 

Ac - u e o u s  ext rac t 

Ad j u s t  pH 8 . 0  

P art i t i o n 4 x i wat e r- saturat e d  

n - BuUH 

But ano l pha s e  

R e duc e t o  dryne s s  

o n  r o t ary evapo r-

at o r . 

Run chroma t o gram 

Bi o a s s ay Bi o as s ay 

Fig . 3 5  8x trac t i on o f  Cy t o kinins from w o o dy t i s su e  
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at 4cc/minut e with 7 5 c c  2N N H4uH followed by 3 30 c c  5N 
rm4oH , and the eluat e c o ll e c t e d . 

B i o a s s ay - Aft er part i t i o n i ng , the alkal ine-butanol phas e 
was d r i e d , t ak en up i n  methano l , and str e ak e d  on p ap e r , 
Whatman 3l'.li'.1 pre-run i n  di s t i ll e d  wat e r .  One asc ending 
chromat ogram of e ach sampl e vms run in d i s t i l l e d  wat e r  
( pH 5 . 6 ) ,  and 10 Hfs f r o m  eac h  b i o assayed w i t h  s o yb e an 
c allus ( Mi l l e r  1 9 6 3 ) .  The aqu e o u s  r e s idue o f  e ach sampl e 
•:va s  t aken up i n  me thano l , s pl i t in two and d r i e d , and al s o  
t e s t e d  w i t h  s o y b e an c al lu s . 

H.e sul t s . 
'rh e  st :J.ge o t  bud d e v e l o 1Jmen t c.� t e ach sampl i ng are 

given h e r e : -

PH harv e s t e d  29/5/7 � . D o rmc.mt , minimal win t e r  chill ine . 

A .  Art i f i c i al c h i l l ing 

P0 harv e s t ed 1 1  J uly . D o rman t , af t er 6 weeks chill i ng 
3 °  - 4 °C .  

P5 harv e s t ed 16 Ju ly . 
P9 harve s t ed 20  July . 

N o  s i gn o f  bud movement . 
4.3/:, j u 3  t shovJing vi s i bl e s i gns o f  
the s t art o f  bud burs t .  

P1 3harv e s t ed 2 4  Jul y . 387;, bud s ful ly burst , 5 2� sw e l l ing . 
( On 31 July 1 00; o f  bud s  a t  l e as t  ful ly bur s t ) 

B .  F i e l d  chill i n� 

PO harve s t ed ll  Aut:;u s t . D o rmant ( 1 5 day s  be fore vi s ibl e 
bud wovernent in fi e l d ) .  

p5 harve s t ed  lb A.U[;US t . � J;u bud s j u s t  v i sibly moving . 

p7 harv e s t ed 18 Augu s t . 44i" bud s j u s t showing v i s i b l e  
s i gns o f  t h e  s t art o f  bud burs t . 

pl O  harv8 s t ed 2 1  Augu s t . 3ofo bud s ful l y  burst ,  6 0fo 

s w e l l in8 . 
( On 24 Augu s t 9 3 ;a bud s c. t  l e a s t  f ul l y  burst ) .  
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u t h e r  d ata ab out t l! e L u.J �� :.L..J pl e :� Lt s e d i n  t h e  :::;,:::u.!.ly s i s  i s  

g i v e n  b e l o �·; : 

H arv e s t  N o . bud s l" c e  s ll wt ( g )  lJ ry wt ( g )  Wat e r  
c ont ent o:f 0 

2 9 . 5  PH 1 50 33 . 8 9 . 40 3  7 2 . 2  

11/7 p 0 188 3 5 . iJG 1 0 . 3 2 0  7 0 . 6  

l G/7 p 5  1 3 2 2 3 . G  6 . 6 3 8  71 . 9 

2 0/7 p 
9 

1 3 2  2G . l  6 . 9 0 2  7 3 . 5  

24/7 p
l 3  1 3 1  2 J . 4 5 7 . 0 2 5  76 . 2  

11/t$ PO 1 30 2 ' 7 . ') 8 . 38 4  6 9 . 9 

16/8 p 5 
1 �?8 2 b . O  7 . 6 1 8  70 . 7  

18/8 p7 l 2 d ::: 8 . 9 7 . 86 5 7 2 . 8  

21/8 1'
1 0  1 28 3 U . 2 8 . 87 2  76 . 8  

I t  c an b e  s e 81 1  t ! t <:Lt 1 d t l 1 i n  e a c h  s e r i e s , s ampling 

was at s imj l .r s t <1g e s  o f  d e ve l o :prfient , but t h e  r at e  o f  b ud 
d ev e l o pment w n s  n o t i c e �bly fa s t e r  in t h e  f i e l d- c hi l l e d  

mat e r i al . 'l' h i s i s  < ll � o  r e fl e c t e d i n  the d a t a  showing t h e  

gr e a t e r  r� t e  o f  �c c u � ulat i on o f  wa t e r i n  the f i e l d - ch i l l e d  

s ampl e . 

The r e s u l t s  o f  t h e  b i o as s ay o f  the ind iv i dual 

c hr oma"t o f:r: :.hl ::J U' E: .:.�i v e n i n  l" i g .  36 end T z,bl e ll . Un f o rtu­

nat ely there ':'i <-l S s o m ·--� <.�c t :i v i t y  in the non- c hromat o gr ar!L'Tl e d  

was t e  ao u e o u ::;  pl w. s e , a l t h o u gh i t  w -:·. s  g en e r ally very l ov,' 

c o mpslr e d  <' :i  l h  ti1 e  ;_-_l k �1 L i tw n- b Ll � �::.no l pha s e .  
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T ab l e 11 : G o mnr ,. r i s on o f  Cy t; ,) )c i n i n  1 e v :; l s i n  bud s during 

buc1 bur s t  ( k i n e t in e r· u i vc:�l ent s , bu t ano l ph ::.:� s e ) . 

'fre atment il arv e s t  ;Ug/dud pg/g;n F . d t .  pg/gm D . 1'1t .  

PH 29/5 0 . 0 5 0 . 2 2 0 . 8 0 

Art i fi c i ul }:l 0 11/7 () . l l9  0 . 5 0 1 . 7 0 

c h i l l ing p 5  1 �/7 u .  :) 2 0 . 11 0 . 41 
I' 9 :' .)/7 1 . 1 :3 6 . 00 2 2 . 67 

l' �i � /7 ' \  r>  (� 1 . 2 6 5 . 27 1 3 " ' \.J • ,_ \....1 

}'
0 1 1  / ' '  -- I •.J ._) .  :� 9 1 . 3 5 4 . 50 

Fi e l d lj ::: l <J /::; 1 . � s 6 . 3 3 2 1 . 5 9 
.) 

c hi l l ing J� 7 
} • I I •! 

. ��; / l )  2 . 1 ()  9 . 5 3  3 5 . 1 9 

l' ' ' l/t1 1 0 '- l . J9 3 . 6 4 1 5 . 6 9 

'.th e r e su l t s  sllU \ ·/ t lu :  t bud c y t o k inin l e v e l s  w e r e  l o vV  

wh en c o l l e c t ed i n  t h e  au tm.m but t hc..t follo ·,-dng e i ther  

chilli ng t r e at m e n t , ac t i v i t y  inc r e u s e d during bud bur s t , 

and then d e c l ine d t � s  s ho o t  r,rov.;th  b e gan . Howev e r  act ivity 

t end ed t o  b a  h i gh e r  i n  bud s f o l l o � ing natural wint e r  chill­

ing in  t h e  f i e l d , c:md t h i s w o. s  :n o s t  n :)  t i c  e abl e in thei r  

e arl i e r mark e d  inc r e � s e  i n  8 y t J k in i n  ac t i vi t y  ( i e . P
5

) 

In ad d i t i o n t h e r e  a f) p e : � r e d  t o  b e  a change in t h e  ty p e 

o f  cyt olc i n ins p r e s e n t , f:r· o f1l t h e  mi d-Rf ' s i n  autwnn the 

e arli er R f ' s  � f t e r  f i e l d  c h i l l i nc and dur ing bud bur s t . 

The chang e o v e r o c c ur r e d  l � t e r , when t h e  bud s w e r e art i fi­

c i ally ch i l l e d , a l t h ough such an apparent nual i t at ive 

e f f e c t  w o ul d r e r u i r e  f u r t h e r  i nv e s t i ga t i on .  

Experiment 6 1 9 7 6  

During bud bur s t  i n  th e s pr i ng o f  1 9 7 6  a c ompar i s on 

was made o f  c y t o k i n i n  : 1.c t i v i  ty i n  b o th the  bud s and t h e  

xyl em s ap o f  e s t � bl i s h e d  Abbo t t  v i ne s . 
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FIG .  36 . �OYI3�AN BIOA::l J AY OF BU'.rANOL- SOLUBL� CY..rOKININS IH KHii Fl1ULr BUDS 
DURING BU� BURS T . A - Arti fic i ally B - Fi eld chill ed . 

- - - - Signi ficant ( P  O . OI ) 
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Met h o d s. 

On e ach o f  t hr e e  dat e s  one vine w a s  cut o ff n e ar 

ground l evel and bud � :�d b 1 e e d i nc sap c o l l e c t ed. Th e 

bud s w· e r e  s e par�.  t ed from t l1 e i r  surround i ng t i s sue  D.nd 
fro z en , and e x t rQc t s  p u r i f i e d e s � e n t i �l l y  as in Fi g. 3 5  
b e fo r e  :Japer  c l1rom .:;. t o ��r � � _ , 1 ly . ,j :: Lp frou t h e  f i rs t d ��y ' s 
bl e e d i ng w a s  fro z e� j c fo r e  t h e  c y L 8 � i nin s w e re ex t r� c t e J 
as in F i g. 2 5 . .dt e r  c: l lro i.E ·. t o c:r t p i1y , dupl i c at e s  o f  c nc i .  
s ampl e \'/ e r e  b i o : � s : -L;y· e J ·.·: i t h  :_; J ,y b c an c � .ll u 3 . 

�{e su1 t s 

llarve s t  
Date  

14/8 

18/8 

2 3/8 

14/8 
18/8 
2 3/8 

Bud �fo . 
:.) t ag e  buc1 s 

!\bout t o  
eme rge . 1 .3 5 
..i t ar t i ng 
t o  ei;J e re e  1 4 5 
Almo :J t  
e .aer ed l U '  

1 . :1 s . <"' · · n/nl w '- /rJ. · · y  ioo,) L .. J 1.- .. .  l .!.  V .. :. 

1 1 3 8  

5 u 2 

41 � 

l" r e sh 
1 • •t ( er )  . .  . 0 

l �) . 4 2  

1 2 . 9 3 

1 1 . 3 3 

.:·�.r e c!.  

.u ry 
wt . ( g ) · 

4 . 3 5  

3 .  7 5 

2 . 01 

cut s�o o t s  

l LJ . 37 

10 . 87 
7 . 3  

. .  J l ::' l:: i.l rC  
ju F . r; t . 

u � . ·J 

7 1 . 0 

75 . 4 
2 ( c :. ) 

'rh e  r e sul  t �.:J ) f  t h e  b i o :.� s s ay o f  t h e  but ano l f r . ·. c t i o n s  

are shown i n  li'i g . 37 , 'E ld r e L.t i v e  �;.c t i vi t y  c om n:..�red . : i � i".. 
k i ne t in s t :-..:.nJ ��rd s  i 3 sho'.m i n  'r abl e 1 2 . Th e non- chro r:'l a t o­

graphed Aq u e o u s  e x  t r; ·.c t s ':: e r e  inac t i ve , exc e p t  f o r  t h e  

s e c ond sap sampl e  ·. :h i c h  j u ::; t r e :::tched s i gni f i c :.:.;.nc e . 
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2 . 4  

1 . 6  

61 0 . 8  -

.p � � ·r-i Q) 
!r= 
I1J 0 . 8  

� r-f m 0 
0 . 4  

A - SAP CYTOKININ 

14 August 

2x I 20cc 

B - BUD CYTOKININ 

2x 67 

!8 August 

2x !!Ice 

2x 72 buds 

Rf 

23 August 

2x I 20cc 

2x 51  bud s 

FIG . 37 . SOYBEAN BIOAS SAY OF BUTANOL SOLUBLE CY'.rOKINHiS I N  BUDS AND SAP 
DURING SPRING BUD BURST .  

Control l evel , ___.j - - significanc e ( P 0 .  OI ) 
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Table 1 2 :  C o mp<:-:tri son of Cyt o k i n i n  l e v e l s  in s ap and bud s 

during bud bur s t  ( k i n e t in e o u i v ul en t s ) 

H arv e s t  

Sap pg/li t re 
pg/d ay 

Bud s pg/100 
buds  

pg/Kg 
F . 'il t 

14  Aucu s t  

80  

91 

1 . 0 2  

5 5 . 6 

1 8  Augus t 2 3  Augus t 

52  3 2  
2 9  1 3  

0 . 6 9  0 . 6 8 

38 . 7 29 . 6 

Al l th r e e  s ap s : tmpl e s  c o n t Jined CL . no d e rat e l e v e l 
o f  ac t i v i t y , and t�s bud 0ur 3 t  pro c e e d e d bo t h  the c o nc en­

t ra t i on in t h e  s ap , �nd t h e  �mount t ran s p ort e d  in one day 

d imi ni shed ; - t h i s i s  s t i ll true i f  one al lows f o r  the 

inc r e as e d  ar e a  o f  b l e e d ing- s t em at t h e  f i r s t  s ampl e. 'l'he  

same downward t rend o c curr e d  i n  t h e  bud s tak en from the s e  
s e parat e vines a t  t h e  s ame t im e , the h i gh e s t  l ev e l s  o c curr­
ing in  bud s no t y e t  s pl i t t ing t h e enc l o s i ng bark , al though 
the f i r s t  few bud s w e r e  j us t  em e rging on the vine . 

Experiment 7 1976 

As w o o d y  s t em t i s su e  i s  a p o s s i bl e sourc e of growth 

regulators influenc i ng bud mo v em ent , c y t o kinin act ivi ty 
was d e t ermined in s t em �a t e r i al h�rve s t e d at different time s . 

Method 

Using a s ingl e Abbo t t  vine , one-year old wo o d  o f  

moderat e l ength likely t o  produc e f l ow e r i ng sho o t s  was 

coll e c t ed on four dat e s . At sampl ing bud s were removed . 

and d i s c arded , and 20gm fre sh weight o f  wo ody stem was 

extrac t e d  w i th 9 0/o me th ano l , purifi ed  and bi oassayed t o­
gethe r  in  August a s  in Fig . 3 5 .  I n  addition di sbudded  

surfac e-st eril i s e d  wo o d  c o l l e c t ed in the  autumn ( 2 5 May ) 
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was held in a pl as tic  bag at 2 °C fo r 82  d ay s . 

Re sul -t s  
Detai l s  o f  the s t em s 2mpl e s  are : 

Harve st St ag e Vine D ev e l o pm ent D ry \J t .  ( g )  J'!Io i s  t u  re 
No . /Dat e fa F .'v'lt .  

( 1 ) - 18/2 In ac t i v e  gro wth , n e g-

l igible numb er o f  f ru i t s  4 . 76 3  7 6 . 2 
( 2 )  - 3/5 f.1Io st l e av e s b t:: ginning 

t o  y e l l OVi .  7 . 14 5  6 4 . 3  

( 3 )  - 2 5/ 5  i' o t al d e f o l i a t i on by 
fro s t  3 d :J.y s  e ur l i e r .  7 . 5 3 5 6 2 . 3  

( 4 )  - 2 5/ 5  l l ac ed in c o l d �; t o r-
age fo r 8 2  d ay s . 7 . 3 2 0 6 3 . 4  

( 5 )  - 14/8 Fir s t few bud s on 
vin e e::t e rging . 6 . 4 50 67 . 7  

All fi e l d  sc:-�pl e s  s ! 1 o . : e d  2.. s i;ni l a r  l ev e l  o f  ac t i ­

vity in t h e  but c-;.n o l  frac t i on s , but i t  t end e d  to  be l owest  

in the  s p r ing s a;npl e ( F i g .  38 ) . ·rh e  h i gh e s t  ac t ivi ty was 

shown by the s a.npl e Given ; cr t i  f i c i < �l ch i l l i ng , and it was 

unfo r tun::;. t e  the r e ;jl i c CL t e  c h r o ; !l :>..t o : T� !. ! ,l S  r e s p ond ed s o  

d i f f er e n t ly n t  t h e  p o s i t i o n o f  h i �h e s t  CLc t ivi t y ( Rf . 9 ) . 

H enc e t h e  valu e s  f o r  s �un1Jl G nuub e r f o ur in t he t abl e below 
may o v e r- e s t imat e c y L o k inin � on t ent . The re sidual anueous 

phas e s  had 10\v bu t s i gni f i c ant nc t i  vi ty in the mo s t  act ive 
sample s .  

Stem cytokinin (butanol so lubl e ) ac t i vi ty ( kinet in 

equival ent s ) 

Harvest  18/2 3/5 2 5/5  +Co oler 
Sampl e No . 1 2 3 4 

Ac t ivity f'"g/lOg F . Wt 5 . 5 3 . 2  3 . 6  13 . 1  

14/8 
5 

2 . 6 



-

2 Harvest I4 August 

2 

I 

2x IOgm.  

2 5  May , cool store to I 5  August 
2x IOgm. 

2 2 5  May 
2x IOgm .  

I 

2 3 May 
2x IOgm . 

I 

ppm 
kine tin 

---:rJ 5 

-
. 0 5  

--""L=......::; - - -

2 I8 February 

. 0 5 
2x IOgm .  

I 

Rf 
FIG . 38 . SOYBEAN BIOASSAY O F  BUTANOL-SOLUBLE CYTOKININS 

IN KIWIFlWIT STEMS . 

Control level , _ significanc e · ( P  O . ii )  
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Experiment 8 1977  

A single mature Abbott v i n e  l"!as sampled a t  inter­

vals during the winter and. spring o f  1 977 , and c yt'okinin 

ac tivity determined in the bud s  and o n e -y e ar o ld stem 

tissues , includine � o o J  s to red �t 5°  - 6 ° G  for 6 6  day s 

after be i ng h::·.rv c s t e d i n  t L c  D.u.tumn . 

�xt rac t i on : • nc1 -��uri fi c :J.t i on rtc . .. ' s imiL··.r t o  that in 

Fig. 3 5  except that : 

( a )  a slurry vvi t h lOgm Polyc l ar .iJ.1r ·nets used . 

( b )  the sample s w ere r:o t e l u. t  e d  from a c at i on exchange 

c o lu.11n. 

( c ) fo llo'>lincj th e f'i!P slurry , t h e  ac u e o u s  extrc.c t ( pH 3 .  0 )  

was p�rtiti oned wi t h  p e troleum e ther. 

Extr�t c ts from 3 ·JGm s t 1::: : :1 t i s �·�u e  c.md 110  buds vvere 

bi o assayed fo r c y t o k i n i n  ac t i  vi ty v.ri t h  s oybe3..n c allu s , 

and c o mpr;.red \'.' i t h  BAP s tcmcb.rd s . 

Results 

The s tage s of vine development over the sampling 

peri od were : 

24 May . 

1 3  June. 

30  June. 

29 July. 

12 August. 

18 August. 

Leaves slightly yellowed , light leaf fall , buds 

at deepest do rmancy . 

Most leave s now f�llen ( frost ) . 

Bud dormancy bro ken. 

No visible bud �ovement , some bleeding o c curring. 

First bud visibly bursting . 

20; buds vi s i b ly burs ting ( bud swell ) .  

The b i o assay re sults nre shovm i n  F i g. 39 and they 

indi c ate very l o w  ac tivity in all s &1lples , possibly due 

to omitting the use of a c ation exchange c o lumn in the 

purifi c ati on. Ac ti vity was j ust beyond the range of the 
I 

standard curve , but by extrapo lation the foll o vving values 

were c al culated a s  an ind i c ation of the trend sho wn : 



s·rElYI T r ssur; ( 30gm )  

2 4  May 

. I  

. r LOJune 

� 0 �1...--r------, 
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'-'. I 

. 2  
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BUll �i ( 1 1 0  1 ·a·· .1· ,-, ·· =· ,� "' -� , ) • V \,. � U o .J t. ,. ,: 
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I8 Augu s t  

Rf 
FIG . 39. HI STO GRAMS O F  CYTOKIN IN AC T I V I fY IN Ki rl i FRU I T  

S TEMS AND BUD S DUH ING DUHlviANCY . 
C ontro l , - - - s igni f i c anc e P 0 . 0 5 



Cyt okinin ac t iv i ty, BAP e ci ui v a l ent s 

H arve s t d a t e d o o d - flg/kg 

24 May 0 . 5 
30  J un e  N I L  

24 IV!ay + c o l d  ro om 1 . 6  
2 9  July 2 . 2  

18 Augu s t  3 . 5  

174 . 

Bud s - pg/1 000 bud s  

0 . 14 

0 . 30 
0 . 9 6  

Cy t o k i n i n ac t i v i ty i n  t h e  s t em t i s su e  was v e ry l o w  

duri ne bud d o rm<=mcy i n  !'.'lay and Jun e , bu t showed an i nc re a s e 
aft e r  Jul y  o r  fo l l o w i nG c o l d  t r e atment - al tho ugh the 

c h�nge i n 8 c t i v i t y  fo l l o � i n g  a r t i f i c i al c hi l l i ng w a s , as 

i n  1 9 7 6 , no t cr e <_.t . J i:Ji l : .�rl y in t L e  bud s , c yt okini n 

ac t iv i t y •s a s  lov :  i n  t h e: . .  L l t e r , < �nd only s h o v1 e d  o. no t i c e­
abl e inc r e o. s e  •:,-il en v i s i b l e  bud ;Jo ve;,Jent o c c ur r e d  i n  

Augus t .  

Expe r i ment 9 1 9 7 8  

S t em t i s s ue o f  Abb 8 t t  v.r(J O d  '. : :. s  8-gai n  u s ed t o  

d e t err,1ine c y t okinin a ::: t i  v i  t y  f o  l l o·, inc d i f f e rent d e gre e s  
o f  w i n t e r  chi l l i nc . 

Me th o d 

On e-y e c.r o l d  1·: o o d  \·.' :-� s  l l c '.rve s t ed on 18 r.'Iay ( 9 0  
hour s f i e l d  chi l l i ng ) d e  bud .'l e d  �'.nd h e l d i n  .wat e r a t  4 °C 
f o r  1 6 8  o r  9 6 0  ho ur s b e f o r e  ext rac t ing a s  in Fi g .  3 5  and 

bi o a s s ayine t h e  puri f i e d ext r��c t vv i th s oyb e an c al l u. s . 

Re sul t s . 

Bud bur s t  o f  i nt ac t  sh o o t s  w a s  e nhanc e d only 

f o l l owine 10 50 hour s  chi l l i ng , and c y t okini n  ac t i vi t y  i s  

shown i n  Fig . 4 0 . Bo th chi l l ing t r e atment s gave only a 

marginal i n c re a s e  i n  c y t o k i nin ac t iv i t y  o v e r  t h e  l e ve l  
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pre s ent at harv e s t  i n Bay . I'he l o \·l 2.c t i vity o f  6 . 5 pg BAP 

e q uival ent s/Kg fr e sh v; e i �ht Cl.t h : ' rve st ing , i nc r e o. s e d  t o  

7 .  8 and 7 .  2 jlg/Kg f o r  t L e  ? 5 ·'? : 'l'lll 1 0 50 h o u r s c o ld t r e ::-� t m e nt c 

r e s p e c t i v e ly . 

�xpe r i ment 10 1 970 
Bud s v1 e r c e x t r  c t e d  : .nd .\D ,"i ac t i vi t y d e t e rmi n e d  i n  

the autumn :2nd •, : i n t e r t o  s t udy t !'l e po s s i bl e relat i onsh i p 

o f  bud-ABA ac t i v i t y t o  buc. d o r:J<.-�ncy . 

liie tho d . 

Bud s  w e r e  h :.-: .rv e fJ t e d  f r o m  m�·� tu r e  .Abb o t t  vin e s  a t  

t h e  dat e s  shovm b ·. l ow .:md pur i f i e d  a s  in F i g .  41 b e fo re 

b i 6 as s aying wi t h  wh e at c o l e o pt i l e s . Simi l ar ext rac t i on s  

were  p e rfo rmed af t e r s t o rage o f  t h e  bud s .  

Tr e at ;n ent 1 
2 

3 

4 

5 

6 

PVP C o lumn -

H arv e s t  2 

Harv e s t  2 3  
H arv e s t  1 0  
H arv e s t  a s  

Harv e s t  a s  

H arv e s t as 

.Apri l 

i' j:,ay ( 1 3 0  hours ..:::.. 7 °C ) . 
July ( 6 8 5  hours .< 7°G )  e 

( 2 ) ' then s t o r e 4°C t o  10 July . 

( 2 ) ' then s t o r e  4°C t o  6 June . 

( 2 ) ' then s to re 24°C t o  6 Jun e . 
... 

Po lyc l ur Af ( 1 2 5  - 2 50 m e sh ) w a s h e d  w i th wat e r  

and fine s d e c ant e d  o ff .  Pac k c o l umn 1 5  x 1 . 5 cms , elut ed 
at 3 c c/min . 



Aqueous pl iase  

Buds s l i c ed int o 200 c c  80� MeOH . 
Bxt rac t 24  hours 4 °C .  Fi l ter . 

Re- ext rac t 2 5 \Jcc  8 0i� r•:I eOH 2 4  hour s . 

Aq u e ou s phet s e  

177 . 

Add e o unl vo lume 2 5f� arruao ni a , 
r e duc e t o  small vo lume . Re fri ge rat e 

o v e rni £;l1 t . 

C en t i fuee 2ogooG 
1 5  minut e s 4 C 

D e c �m t , etd j us t  pH 3 

.nu t c  O . Ol ji.: .? buf f e r  pli 3  

G o l l � c t  e lu::mt 5 0 -l 4 0 c c  

p H  2 . 5 
l-'art i t i on 3 x e r uul v o lume 

d i a t hyl e th e r  

l:.:t h e r  ph:::·.s e 

D ry , s to re 

J i o o. s s ay 

li' i g . 41 �x t rnc t i on o f  Ab sc i s i c Gc i d  fro m bud s . 
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The dry t-� t h t! j '  c :-: t r o.c t 'o � :  . •  �: t . .  \ : Sll _, . i n  , :.: LL:. n ol 

and s treaked  ( 1 5 c !n ) on �j r e - l�u.n '. /h; .t n<:'.n No . l  ::_)o.per . .i.lun 
20 c n s  in i s o pro r :  . l'!. o l : . · - - �  � · .� - � :�. · : \ , ; t e r  10/1/1 , dry in 

vacuum oven 12 hours then cut into s t rips  of 10 Rf ' s .  

Bio as s ay -

' Ao t e a '  whe at s e e d so ak e d 2 hours , then germinated  

in dark at 2 5°C for  3 days unt i l  c o l e o pt i l e s  2 - 3 cm l ong . 

Thn l Omm c o l e o pt i l e  s e c t i ons cut from 3�n b e l ow the t i p  

( done under  gre en safe  l ight ) plac ed  i n  a 4 0  x 2 5mm vi al 

with Rf stri p . Add 2rnl pho s ph3t e - c i trat e buffer  pH 5 . 3 ,  

ro t at e at lrpm in mrk 2 5°C for 20  hour s . S e c t i ons then 

kil l e d  w i th me thanol and measured on an enlarger at 3 . 3  x 

magni fi cat i o n ,  and c omp:::.Lred wi th a series  o f  ABA standards .  

Re sul t s  

Bud burs t  was s loVJ  in buds c o l l ec t ed i n  Apri l , May , 

o r  c o ol stored  t o  6 June ( 49 6  hours ) ,  but i t  was rapid  

when they  were  harv e s t e d  on  10  July ( 68 5  hours chilling ) 

o r  c o ol- s t o r ed unt i l  t hat dat e ( 1280 hours chilling ) . 

The ABA-like  c ont ent of  the  bud s  i s  shown in Fig . 4 2  

whi ch ind i c at e s  an increase in  ABA ac t ivity in the autumn , 

followed by a d e c l ine w i th storage or  the end o f  dormancy 

in the fi eld . The valu e s  indicated  for ABA c ont ent r e f e r  

t o  that ac t i v i ty act ive  i n  t h e  b i o assay ,  and so c ould b e  

doubl ed i f  o n e  as sumed a 1 : 1  mixture o f  ABA : ABA i somer s . 
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B .  C o rr e l a t i v e  Inhi b i t i on ( Surru;1 e r  d o rman c y ) 

A s e r i e s  o f  o b s erv t i o ns w e re mad e o n  t h e  e f f e c t  

o f  ro o t s and l e av e s  o n  bud bur s t  i n  t h e  surru-n e r , o f  s ingl e ­

bud pl ant s  o r  c ut t i ng s . 

Expe r iment l 1974 

I n  m i d  J anuary <.:L nuJnb e r o f  s ingl e-no d e cutt ings 

w e r e  t ak e n  from the ;:1i d sho o t  p o s i t i o ns of Ab b o t t  vi n e s 

gro w i ng i n  t h e  fi e l d  and t l t e l e af o n  e ac h c u t t i ng was cut 

in h al f . 

The t r e atment s c o n s i s t e d o f :  

T r e at . l S i ngl e-no d e  c u t t i ngs 2 s  abo ve . 

2 Expl ant s  h e l d  und e r  111i s t  propagc. t i on 12  d ay s  

t o  g i v e  i t l[Lr k e d  bcL �: al c al lus . 
3 A s  i n  ( 2 ) , bu t c al l u s remo ve d on r emoval from 

mi s t  uni t .  
4 t:xpl ant s gi v en I BA ( 0 . 81:.. ) b a s al d i p , and ro o t e d  

aft e r  29 day s und e r mi s t . 
5 Bxplnnt s as i n  ( l ) pl c.c e d i n  a BAP s o lut i o n 

( l O p  pm ) . 

At the r e qu i r ed t ime , exp l ant s i n  rand omi s e d  b l o c k s  

w e r e  plac e d  i n  a gl.::: . s sh ous e r: i t h  tungst en l i gh t s  e x t end ing 

the d ayl e ngth to mi dnic;ht . .Ji:x p l c:m t s fo r t re c:-�tme nt s l - 4 

w e r e  h e l d  i n  a p eat/sand mixture ( 50/50 ) and wat e r e d  

fre qu e n t l y . 

In add i t i o n  t o  t h e s e  t r e at m ent s , expl ant s wh i c h  

had only c al lu s e d  af t e r 29  d ay s  und e r  m i s t  w e r e  u s e d  i n  a 

c o mpari s on ( Tr e at ment s 6 ,  7 )  o f  bud bur s t  in t h e  p r e s en c e  

o r  ab s en c e o f  a h al f-l e a f - wh i c h  w a s  r e moved from hal f 

t h e  e x p l an t s  o n  17/2/74 . 
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. d e sul t s . 

'.rh e  re sul t s  fo r t r e ::-� t : ,J en t s 1 t o  5 vJ ere : 

Numb e r  o f bud s i Li O V i np· i n  rJ r e: s e:l l c e  o f  l e af .  

T r e o..t rn ent ( 1 )  ( 2 ) ( 3 ) ( 4 )  ( 5 ) 
C o nt rol  + :_; 2.llus 

+ 
.Ll e c :J.llus + Ro o t s + BAP 

No . p l 8.nt s/t r e c:1 t .  2 4  l J ( -L )  2 3  34  2 9  
1 0  ( + L )  

At 3 0  d ay s  
nu:;nb e r burr> t  n 2 ( -L )  ) 19 8 

n ( + L )  

vv n s  no t 

r emov e d  w e r e  m�:.rl{ e d l y  �n· o n e  t o  ,, ,. t c r s t r e s s in  t h e  zl o. s s ­

h o u s e . 'l.'h i s re s : -.l t e o' j_ n l c: :  .. f \jurn , : ; , , th : . t ': ; i th i n  7 d 2y s  
h al f t h e  e x pl :..:..n t s l t .  .. cl l o s t  t : ·, -.:: �� 1' l c · . f , , md i t  VhL S only i n  

t h e 3 e  o n e s tlw.t bud :no v e m c n t  o c c ur r e d . 

'l.'hu s no bud b r e r:.k o c c � r r e d  o v e r  3 0  d r:.y s  o n  ro o t l e s s  
c u t t ines , o r  '.·: h e n  c nl l u :J e d  o n  t h e  b ·-� ·-> e - �3 0 l ong n s  they 

b o re a ho.l f- l e a f . I t  h c_:.cl b e e n  n ·J tecl t i c : . t  on l c c:.fl e s s  no n­

r o o t e d c u t t i nr; s  und e r  m i s t , · n c1  e �c : ·;l  d1t s t h c-tt b e c am e  

d e fo l i a t e d  in t !"1 e  gL : s s h o u .:; e , t h e  bi). c1 s o f t en burs t ,  � tnd s o  
aft e r  a p e :ci o d t h e  l c :-tf \ >' . � :: r o . :io v 2 <l  f r o ;.l :...!.l l  ex:pL:mt s and 
bud bur st Cl[!;:=:. i n  d e  t e r; ,;i n c d . -� h e  c f f c c  t o f  tl e fo l i a  t i o n o n  

t h e  m�� t e r i u.l abo v e L3 sll.o-.':n : 

T re u.t m e nt ( l ) ( � )  ( 3 ) ( 4 ) ( 5 )  

C ontrol -t c <::.1 1 u s  D e c ::::.l l u s  +Ho o t s  + BAP 

At d e fo l i at i on 0 ( 4 5 ) .�) ( 31 )  0 ( 31 ) 2 3  ( 36 )  13 ( 4 5 )  

2 0  days af t e r  
d e fo l i a t i on 6 2 0  21 3 0  2 7  

The f i gure in b r �  .. c k e t s  ind i c a t e s th e  p e ri o d  in t h e  

gl a s shous e b e fo r e  d e fo l i at i on \ I  2. S  p e rfo rmed . 
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C l e 2.rly v>h e n  t l1 c 1 e �, f  •:; � ·. :� r emo v ed rap i d. bud mo v e ­

m ent o c curred t o  g j  v e  :'. ln:o : ·; t c o :-:l pl:; t e  bud bur s t i n all 

e xc e pt t r e a tm e n t  o � e . 

·rhi s i nh i b i t o ry -::: f f c �; t o f  ;: !. Du b t end i nG l e :.1 f  on bud 

bur s t  w a s  r e duc e d  by t h e  � r c � en c e o f  ro � ·t s  on t h e  c ut t i ng s  

wh e r e 6 4;'� o f  suc h  bud s ;·1 e r c  , ,w v i nr; aft e r  3 0  d c.�y s . I t  

Vi a S  i n t e r e s t in�; t };  . t  t �·L e r e � �  ) u n s e  •;.r : :. s  [�r e : _: t e r  i n  t h o s e  
e x p l ;:.�n t s t h a t i n i t i � ·-l l y  hc;.d t _: e  Lcrt; e r  cunount o f  ro o t  

i e . 8 3/� c f  4 41"  bud b u :c s t . 

Supplying l:lAl t o  L e  ro ·J t l e s :.:> c u t t in�s i nduc e d 

s o m e  re s p o n s e , n s  4 l fo  and 58� o f  the bud s w e r e  moving 

aft e r  30 and 4 5 d ::::.y s  t r e;:.�  tin en t .  

·rh e  r e s ul t s f o r  t r e c.:t Llent s o ,  7 r;J;_td e i t  c l e o.r t hat 

c al l u s  d i d  no t a f f e c t  t h e  h o h �v i our o f  t h e  bud - the 

p r e s enc e o r  a b � en c e o f  � l e �f d o t e r� i n e d  t h e  bud ' s  r e s p o n s e : 

Eff e c t  o f  c al lu s  and l e af t i s ::;u e  o n  bud m o v e m e nt 

+ C :1.l l u s  

- 1  
No . e xplan t s 9 

No . moving 
aft e r  36 d ay s  7 

Exper im ent 2 1 9 7 6  

+ 1  
9 

0 

D e- c 2l lu s e d  

- 1  
8 

7 

+ 1  
9 

0 

At var i o u s  t ime s from mi d - s u.rmn e r  - o nward s ,  bud 

bur s t  was ob s erv e d  in s ingl e-no d e· c u t t ings o f  Abb o t t  

c o ll e c t ed from t h e  fi e l d . fw en ty four outt ings w e r e  u s e d  

f o r  e ach t reatment , arrang e d  i n  randomi sed bl o c k s . Cut t ings 

w e r e  p l ac e d  in s mall j ar s  of aq u e ou s  so lut i on ,  and h e l d  

und e r  c ont inuou s l i ght ( fluJ r e s c ent and tungs t en ) a t  22 ° -
23°C .  
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Us ing th e mo r e mature p�.rt o f  each sho o t , the f i r s t  

cut t ings ( 2 4/t re atment ) w e re prep�red on 2 2/1/76 as fo l l ow s :  

Tr e atment 1 D e fo l L t  t ed + wat er 

2 D e f o l i ct t ed + 2 0 p pm BAP 
3 D e fo l i a t e d  + 2 C) p prn BAP + l O p  pm IAA 
4 D e fo l int ed + 2 0 ppm BAP + l p pm ABA 

5 + Hal f - l e nf + wat e r  
6 + Hal f- l e af + 20ppm BAP 

In the c a s e  o f  t r e c.:. t ment s  3 and 4 ,  e i ther  I AA  o r  ABA 

al one , was 2.l s o  o.p !::,l i e d to o. p<.:td o f  c o t t o n v10 o l  held  around 
the cut s t em i mm e d i ;·!. t e l y  a.b o v e  the bud w i th po lythene t ape . 
All so lu t i on s 'N e r e: c h ::mged e r.'. c h  f i v e  d ay s .  

rle sul t s  

I n i  t i : �.l l y o nl y  tre : ·. t ; . ient l ( d e fo l i c:.t ed ) showed 
nc t i  v e bud mo v em e n t , �md : �f t e r  23  day s  i t  sho ·: :ed  the h i gh...:. 

e s t  l ev e l  o f  bud. b ur s t , ;: ,l tho ueh n numb e r o f  cut G ings ho.d 
sinc e d i e d . ( 'fabl e 1 3 ) .  In c o :np<.�r i s on., t h e pre s enc e o f  

mature l e af t i s sue: v1 a s  p ::tr t L· .. l l y  i nh i b i t o ry t o  bud E10 v e r1ient 
( Treatment 5 ) ;  �nd surpri s ingl y  c y t okinin inhibi t e d  bud 
movement ( Treatment s 2 ,  6 ) .  f r e atment s 3 ,  4 ,  6 w e r e  t o tally 

inhib i t o ry to bud bur s t , h e:nc e bo th IAA and ABA and al s o  

l e af t i s sue are s t r o n[�ly i n'l i b i  t o ry t o  bud .no vement . 

Tabl e 1 3 :  Bud mo v em ent i n  r e :.� D o n s e  t o  ho rmone t re at r.1ent 

i n  d i ff e r ent s e asons 

( a ) Harv e s t  2 2/1/76 

No . bud s  bur s t  At + 2 3 d ay s 
+11 d ay s . ( max 24 ) Bud burs t N o . mo ving Max . 

•rreat.ment 1 5 ll 13 1 5  

2 0 0 7 18  

I 3 0 0 1 1 3 

4 J 1 1 1 5 
5 J b 8 24  

6 : .) 0 0 8 
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Table 1 3 : Bud mo v e iiie n  t i n  re sponse  t o ho rmone t reat m ent 

in diff e r ent s e n s ons  ( C ont . ) 

( b )  Harv e s t  2 3/ 2/76 

:� t + 1 3  d .: .y s  
No . b u d s  m o v i n[� . , ,  : . 0 . bur s t  

( · · · ·· x _ _  , ..... ¥ 2 8 ) 
Trea t men t l 1 3  5 

2 b l 

3 ') ·) 
·1 I ;) ··r . .L 

5 ) l ..J 

( c ) Harve s t  l/G/7u ( i ; o . o f  bud s burst )  

D ay s  2 2 °C 
Con t ro l 
+ BAP 

{ d )  Harv e s t  

Con t rol 

+ B AP 

� 4  
l 

2 

2 3!_7!_76 

1 0  

3 

0 

27 30 

1 t.) ;·1 �-) r .- + ..: b  

Y ' ' , 
"' ,J 18+ 

( iJo . o f  bud s burst ) 

1 2  1 4  

At + 2 3 d c..y s  
No • bur s t  ;·. fax . 

1 6  27  
6 ') �  <- J  
0 r) ')  L ..J  

0 ? "'  _ l)  

3 2 8  

34  
' ?+ +  
..) �  
20++ 

1 8  

S ignificance o f d i f f e r enc e bct '1 i 8  en  t re � .t m ent s nt e2.ch d e. t  e 

determined by annl y s i s  o f  varL.mce. 

N S  - · Non signif i c ::mt + J i gniLi..c cmt 5�� 

\ 
(e ) . Harve s t  7!_1 2!_76 ( ;� bud b u r st ) 

Tre atment 1 

5 
6 

+ 1 0  

70  
1 5  

0 

a 

b 

c 

+ 23 
98 

51 

6e 

d a:v s  

Analy s i s o f  varianc e o f  nu:Jb e r  o f  bud s bur s t  a t  1 0 day s 

sighificnn t ( l?o ) tre � ·- trnent  d i fferer1ces determined by 

Duncc:U1 1 s 1.lul tiple lt 2.nge t e s t  ( l;� ) shown 

e Six day s later, a f t e r r e m o v ing t he leaf and BAP , this 

h ad increa sed to 7 2; .  



iihen r e p e � '. t e d  ·. : i  th ; . � ·.t c rL :.l c o l l e c t e d o n  2 3  P e b­

ru ary , a f t e r o n e  .·. e e l : ::w � :  t; o f  t r c  t ::1 cnt G h::ul b e e n l o ;c; t . 
·r r e atment s l - 5 '.'i <:. 1 · o  c . ; n t :i. n u c d  c xc e ;, t t h c . t  �� Al' l'>'as 
r e du c e d  to 5 p 1 J :-.1 i. lJ  ( : ' ) , · !·, , !  :· � : c ·l : cd c d  fr,) i11 t r ,; c� t i .,ent :..; (. :?, )  
�u1d ( 4 ) . l'l:. c  r c : : :..c l L ;_; · ·  : : . :.� � .J. e el l; ! , e  i nL j_ b :L t i o n o f  bud 

f l '  \ 1 
; . " . \ 'l - l -, ) 11 r c s en c e o .1 H ;  · , .c , ,. ; , o r  . ·_ . : _ � 1. • .  D . c ·- .:, • 

w e e k s  b c f 8 r c  . , ; v c  

::J j _ ·t i l : r . :  · - i · l L: : . , r.; r .  t . : ,: n  .. . t; i n t ·.) r v: �l s t J·. rouL;li 
t h e  ·:! i n t e r ,  � 01 1 d  Li'Li • l  b ; l· : ;  � l' •:) C: J rJ e ;_; . un t ·uo o c c : :. s i o n. s  :J. 

BAP ( 20plJHl ) t r e -- t : e: :: 1� ' . � . ::-. e; .) :J �:: r e d  · . . · i t l:. c o n t r o l s ,  :.:�nd 
aguin t h i s  [�o r.:w n c: cl o l  . . y c d  b :.d tu:c �.:t ( l/o/76 and 2 3/7/7 6 ) .  

vari e d . The [L : t L ·� r;  � J v .� Y :  : .l l t ' : c c J ll e c t i o n  d · t e �:; 

for the  c o n  t l� o l  t r ·.:: < c , e; �"1 t L .1 .  l :.;ho :,· e d  :·. s l o -,, ; i n c;  o f  u-..:,d 

bur s t  t 'll.r o u2;h L L e  ;_; u< : c:r  c.m L i l  ,Tun c , 11 i t \  �'- :::; h c:.r p  ri s e  i n  

bud gro rrt h ret e  fr.:J i!l § L t.rly J u l y . 

A f i n�.·.l C ·::> l l. c c t i o n J f  :t � 1 e  c t..trr ent s e �:.s o n ' s s h o o t �� ,  

vvas JJ.lad e o n  7 /1 �/76 and 1 4  4 C llt t ing::j .ore par e d  fron1 t h e  mid­
part o f  e a ch , and ll e; l d  c:  t 2 5 ° C  a s  in t r e :t tment s 1 ,  5 ,  6 
using 5 p pm BAP . bud m o v e m en t o c c urr e d  i n  t h e  �re senc e o f  
a l eaf al though .i t  i'J L\ :� s o 1 ,1 e h llat inhibited , cmd at th i s 

t ime o f  t h e y e 2r t h e  c u t t i ng back o f  sho o t s  in the fi e ld 
r e s ul t s  in  a h i gh l ev e l  o f  ax i l l : try bud break . �/hen 3. 

c y t okinin w a s  sup p l i e d s o m e  : nor t al i ty ( 33 ;� at 2 3  day s ) o f  
Cllt t ings o c curr ed , a.nd t l l e r e  w a s  et s t rong inhibition o f  bud 
movei7lent . 
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Experiment 3 1976  
On the 5 Apri l 1 9 7 6  l e afy Abbo t t  s ho o t s w e r e  h ar­

ve s t ed , and one-no d e  cut t intr3 vv e r e h e l d  at 2 2 °C und er 
c ont inuous light , <..'. f t e r  re :Jo ving t : : e  l e : LVe s . H2.l f th e 

cu tt  ings w e r e  lJr e  : '<:'.r e d  in t i ;. c  L �; u �  1 ·. · uy ·., .· i th t h e  bud c:: t 
the t o p , and fo r t�: e  o tl. 1  e r  c E t : inr;s o f  s i mi l cn� t o t al 

1 t h  t h  b d 1 1' 1 - '  . eng e u •,<: a s  c�1 u� ru .n c n e  1). , s e . thi s D � s  r e n e J t e d 

'IVith mo. t e rL.l c o "! l e c L c cl 0 �1 7 :J e c c� . l.i c r  �1.�1d i t e l d  ::-. t 2 5°C .  

Hesul t s  
Vi s i bl e :.> i Ljn ::: o f' bu.cl L t o ·J -.:  . •  ;:; :n t ·J c c u.rr e d  e ;:trl i e r i n  

bud s vvhen t:·Lt t h e  t o p  o f  t h e  c u t t i n s , n.Ed t h e y  ��l so gav e 
the h i gh e s t l e v e l  o f  bud bur s t . 

Tabl e 1 4 : �ff e c t  o f  bud ro Hi t i on  o n  cut t i ng on bud bur s t  

( a )  Harvest  5 I 4/76 ( hu.nb e r  o f  bud s c:.t l e :1 s t fully burs t )  

+ 1 5 +13  + 2 1 + 24d.�s 'j� ( at + 24 ) 
Bud at b<."s e 
( 4Z e xp1ant s )  2 2 5 1 3  31 
Bud at t o p  
( 37 exp1ant s )  8 17 1 9  2 4  6 5  

( b )  Harve st 7/1 2/76 

+ 7 t l O + 1 6  �1 
I') ( at +16  days ) 

Bud at bas e 
5+ + 1 2+ +  29++ ( 48 )  60 

Bud at t o p  
47+ + ( 48 )  17++ 40++  98  

+ +Tre atment d i fferenc e s  at  each dat e  signi fic ant ( 1� ) . 

hxperiment 4 1977 
On 5 D e c ember s ingl e-no d e  ctitt ings w ere  prepared 

from the mature part o f  sho o t s  t aken from e s tablish ed 
Abbo tt  vine s .  '.rh e l e av e s  ·.,v e r e  r e m o ve d , and the cutt ings 
held in aqueous solut i on un.J er cont inuous l i ght at about 
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27°C .  One hal f o f  t h e  cut t ings had c o t t on-wo o l  mo i s t en e d  

with I AA h e l d o n  th e d i s t al cut surfac e , and th ey al s o  

s t o o d  in I AA so lu t i on ( lOpprn ) �h i c h w u s  r e p l ac e d  d�ily . 

Re sul t s  

Auxin was v e ry e ffe c t i v e  i n  i lli1 ib i t ing bud bur s t  

o f  l e af l e s s c u t t i ngs in t h e  summ e r  ( 'r abl e 1 3 ) ,  and th e 

s amp l e s  f o r  b i o a s s ay w e r e  c o l l e c t e d s e v e r al d ay s b e fo r e  

any vi s i b l e  s i gn o f  bud bur s t  i n  unt r e at e d  c u t t i ng s . 

Aft e r  4 2  <.md 7 2  ho ur s t h e  u p . i e r  s t em t i s su e  and 

i t s  bud w a s  c o l l e c t e d fro m 1 2  c ut t ings o f  e ac h  t r e atment 

t o  gi ve 2 5grn f r e sh w e i gh t , and t h e s e  s amp l e s w e re puri fi e d 

as in F i g . 3 5  and c y t o ki n i n  �c t i v i t y  d e t e rm i n e d  by b i o­

as s ay with s o yb e an c allu s . 

C y t o k inin ac t i vi t y w a s  v e ry l o w  i n  a l l  s ampl e s  

( Fi g .  4 3 ) ,  e s t ima t ed a s  b e i nG {p.g/l(g .a . in BAP e quiva­
l ent s ) : 

At harv e s t 

Aft e r  4 2  ho ur s 

Af t e r 7 2  hours 

-I AA 

- I AA 

6 . 9  
8 . 8  
6 . 7  

and 

and 

+ I AA 

+ I AA 

4 . 7  

3 . 4  

Henc e ,  wh i l e  t h e  c y t o k i n i n  ac t iv i ty o f  s t em t i s su e  

sho w e d  a t empo rary r i s e  sho rt l y  af t e r  c o l l e c t i on and 

d e fo l i at i on , in t h e pre s en c e o f  I AA the st em-cyt okinin 
'1 

l ev e l  st e d i l y  d e c l ine d .  



• 2 At harvest 5 December 

• I 

+ 42 hours 

+ IAA 

+ 7 2  hours 

+ IAA 

Rf Rf 
FIG .  4 3 .  SOYBEAN BIOASSAY OF CYTOKININ ACTIVITY IN 

KIWIFRUIT .SHOOT ( 2 5gm FW ) ,  AS AFFEC 'l'ED BY 

AUXIN APPLICATION . 

--- Control , � - - Significant l evel ( P  O . OI )  



D I SC U J :J I O N  

A .  Bud D o rmancy and Bud Bur s t . 

Bud s o f  Bruno c o l l e c t e d < t t  t h e  end o f J.iay 

l t) o . 

( Exp e ri ment l 197  5 ) , b e fo r e  l e <lf f ��l l , w e r e  d o rmant , and 

ne i th e r  GA
3 

o r  BAP al o n e  o r  in c o :-:-tb i nn t i o n w a s  e f f e c t iv e  

in i nduc ing bud bu r s t , �:.nJ 13A.P Cl.P lJ l i c at ions i n  the wint e r  

'N e r e  al s o  ine ff e c t i v e  i n  b r e �dd ng ci o rmcm c y  ( S e c t i o n B ) . 

No at t emp t was l!W.d e t o  d e t e r::t i n e  'Nll e t h e r t h i s '>I ns du e t o  

inad e q uc:.t e  upt <. Jc e  o f  h o nno n e  i n  t o  t f . e  bud ' s t i s su e . ; /h e re 

sirai lar  ap pl i c c_t i o n s  v; e r e  : ] :  ·.d. e L·. t e r  in t ! 1  e v·: i n t e r  ( Augu s t ) , 

d o rman c y  lL:.cl :=tl r e � �d y  b e en bro 1 c c n  . s c .:m � r o l bud s bur s t  
rapi dly . Ad d in� Gibb e r e l l i c  ac i d  t o  � u c �  r u i e s c ent bud s 
p romo t e d bud gro-. .  t L  r e  n u l  t i ne i n  e : crl j_ e r  bud bur s t  and 
inc r e as e d s h o o t  e l Oli_�< �t i o n , i nJ i c  t i ng t ru . t  �:t thi s  t i m e 
upt ak e  o f  e xo geno u s  l: o r::�or1 ..: L; i d  o c c u r  r e �:cl i ly . The i nd i -

c at i on i s  t h � t  wh i l e  J A  d i d n o � b r e �{ d o r��ncy , i t  s t i �u� 

l a t e d  t h e  �rov;th o f  buz.L:; t : : . .  � -t - : td p ::" o v i o u s l y  h :...:.d t h e i r  

r e s t  p e ri o d b ro k en , L - �� i n  · c'. r::.� ( 0l' O '.'!l1 e t  o.l . 196 ) ) ,  
al t hough i n :i t on e f ru i  t GA b r c  _ _  : : . ;  bud d o r.:1u.n c y  ( D on o h o  and 

Wal k e r  1 9 57 ) ,  and c y t o :c i n i n � :  :-::.nll ci l :u c: r e l l i n s  ar e e f f . : c t iv e  

on appl e bud s  ( . / i l l i c.:n s  ::-mcl �l i l l i ncs l e y 1 97 0 ) . Ex o geno u s  
G A  r e l e a s e s c o f f e e bud s fro : .·, cb r�J :  nc y, i n  iih i ch pl ant 

gib b e r e llins a p �J c o.. r e d  t o  l.:: c t : c  n e c h � .n i sm t hro ugh v:h i c h 

envi ronm e n t al f o. c  t o r s  o v e r c <.L : � e t h e  d o rm:J.nc y e f f e c t ; but 

e xo genou s c y t o k i n i n  was e f f e c t i v e  o nl y i f  appli ed aft e r  a 
wat e r  s t re s s , ind i c a t ing a n e e d  f o r  o t h e r pr o mo tive i n­

fluenc e s  al so t o  b e  p r e s en ·t . i l enc e , wh i l e n e i th e r  GA no r 

c yt okinin , unl ike Chi lling t e mp e ratur e s , w e r e  found t o  

o v e r c o m e  t h e  mid-wint e r  d o rmu.ncy o f  k iwi frui t bud s , i t  

i s  s t i l l  po s si b l e the pr e s enc e o r  a b s enc e o f  e ach o f  t h em 

c ould c o ntrol t h e  b r e ak ing o f  d o rmanc y . G i b b e rellin 

ac t i vi ty in ki'.v i f rui t bud s  v.,ra s  no t d e t e rmin e d , but in 

var i o us  s p ec i e s  end o g eno u s l ev e l s  o f  bud-gi b b e r e ll ins r i s e  

t oward s the end o f  the d o rman t p e ri o d , but b e fo r e  the end 

of r e s t  ( Ramsay and l'ilart in 1970 ) ,  and many authors sup p o rt 

t h e  hypo t h e s i s that t h e  end o f  re s t  i s  r e gul at e d by t h e  
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b al anc e b e tw e en growth promo t er s  o..:nd inh i b i t o r s . 

In 1976 Abb o t t  bud s w e r e  lilO s t  d o rmant on 1 . June , 

and wi th c l o s e r  s ampl ing in 1977 d e ep e s t  do rmancy o c c urred 

on 10 May w i t� o nly a smo.l l c h ang e over the next mont h . 

U s i ng a smal l e r  numb e r  o f  cut t ines Drund e l l  ( 1 976 ) s imi­

l arly found the t i me for 50/o bud. bur s t  was gre CJ.t e s t  f o r  

t hr e e  o th e r  vari e t i e s  i n  Auc l ::l and v1h en t h ey w e r e  harv e s t ed 

i n  May . H enc e mc.x i J�lurn bud d o rrnancy o c curs vvh en mo s t  

gre en l e av e s  a r e  s t i l l  on t h e  vine , o n e  month b e fo r e  t o t al 

l e af fall ; and w i t h i n  3 w e e k s o f  l eaf full t h e  bud s are 

c apab l e  of rapi d bud bur s t . G o l d t eHlp e rature t r e atment o f  

d e t ac h e d  sho o t s  o ve r c o i ,1e s  t h e  d o rnuncy o f  lvw.y bud s , a s  

al s o  was found t o  o c cur aft e r  :..l.b o u t  700 hours chill ing 

o f  vin e s i n  the f i e l d . I n  t h e  l : . t t er hal f o f  June in the 

f i e l d , th e  vine s 8. [J l1�cren t l y  und e rgo wo. j o r  c hange s . Only 

then do  t h ey d e v e l o p  t h e  c .  )UC i ty for rap id bud bur s t , 

and al s o  for t h e  pro duc t i o n o f  f l o \·1 e r  bud s .  

Examinut i on o f  bud bur s t  d a t a  fo r thr e e  vari e t i e s  

in Auc k l and t.�l s o  i nd i c ::� t e s  c. r e (l u i r e1aent fo r a l ev e l  o f  

wint e r  c h i l l ing o f  t h i s !. t�<;ni tud e . 'r abl e  1 5  p r e s en t s  data 

o f  Brundell ( 1 9 7 3 ) ,  and e i� 1phas i s e s  the d i s t in c t i on b e t we en 

bud s r e c e i vi ng mo r e  than ,  o r  l e s s  then , 770 hours c h i l l ing 

t r eatment . I f  2 1  d ay s  ( 50J hours ) or l e s s  at 2 5°C ,  f o r  

50% bud burst , i s  t aken :1 s c. r e <.. � s o nabl e gui d e  t o  l o s s  o f  

d ormanc y ,  thi s usual ly onl�r o c cur r e d  fo l lowing m o r e  than 

7 7 0  hours below 4 5° F ( 7 . 2 °C )  - bud bur s t  taking up to 2 3 , 

20 , 2 0  day s  r e s p e c t i v e ly f o r Hayward , Al pha , and Mo nt y . 
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Tabl e ! 5 :  Bud Burst respons e to varying levels of wint er chilling .  

Hayward . 

Harve st 

2/5 
23/5 
I3/6 

4/7 
2 5/7 

Alpha . 

2/5 
23/5 
!3/6 

4/7 
2 5/7 

Monty . 

9/5 
30/5 
20/6 
I I/7 

I/8 

a 
50 

!40 
290 
480 
6 2 5  

50 
140 
290 
480 
6 2 5  

80  
!70 
36 0  
530 
670 

Hours � 7 .  2°0 
( fi eld + artific i al ) 

Treatment 
b c d 

290 530 770 
380 6 20 . 860 
530 770 !010 
7 20 l�g-6{} ! 200 

-;; 8"6 5 1!05 !)45 

290 530 770 
380 6 20 860 
530 770 ,,.1010 
720 960 ! 200 

-86 5 11� , _.!245 

·� 

320 560 800 
4!0 "6 50 890., 
600 8 40 1G80

, 
770 " 1010 ! 2 50 
910 !150 1J,2.,0· 

e 

iofo 
-
-

1440 
1�,s 

· IOIO 
-
� 

1440 
1585  

I .  Experimental data from Brundell ( 1973 ) .  

Hours at 2 5°C 
for 5o% bud burst . 

a 

IOIO 
!100 

860 
840 
700 

600 
840 
790 
770 
530 

890 
890 
700 
6 50 
460 

Treatment 
b c 

740 550 
910 580 
670 6 50 
670 530 ., 500 ll 430 

620 380 
620 500 
620 480 
530 480 

1\1' 340 290 

890 580 
670 550 
500 430 
480 380 
340 240 

d 

480 
1-460 -

5 50 
530 
260 

360 
460 
460 
3IO 
260 

460. 
. 4!0 

380 
310 

� 24_2'. 

2 • . Hours chilling comput ed( Spr e en !956 ) in part , using 

met eorological dat a  for Oratia !972 . 

e 

4

�
01 - t 

' 

36�, 
220 

360 
-
-

240 
220 

3 . Data i n  shad e d  areas rec e ived great e r  than 770 hours below 7 . 2°C . 
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I t  has al r e ady b e en indi c�ted  that w arm t emperature s 

appeared t o  be a s  e ff e c t �ve as l o w t emp e ratures  i n  indu c­
ing bud burst in l 97 o . Heferenc e t o  Tabl e 1 5  and do rmant 

bud s harve s t e d  on 2 3  May show s that as ·t he period  o f  c o l d  

t r e atment w a s  r e .:.tuc e d , t h e  t o t o.l [J e r i o d  o f  warm and c o l d  

t re atment fo r the s ane  l evel  o f  bud burst d e c l ined s l i gh t l y . 

H enc e a t emp era·ture o f  2 5°C w a s  a s  e f f e c t i v e  a s  a t empe ra­

ture o f<7 . 2°C i n  indu c i ng bud bur st , b e c au s e  i f  warm 

t emperatur e s  were  i n e f f e c t i ve sub s t ant i al l y  inc reased 

t o t al t ime p e r i o d s  vi Ould ll. ccve b e  e n  required . A s i mi l �1r 
s t at ement c o u l d  be A·.J e :. �b o u t t h e  b u d s  h�Lrv c s t e d  o n  the 
o ther d a t e s  during t :: e  : ··.utu ; <m :� nd ;N i nt e r . 

I f  the t i m e  p � r i o d  i o  e x c lud e d  from  a d e f i ni t i on o f  

d o rmanc y ( p .  27 ) ,  t h •e f: , c t  t J ·� ��t 50i� bud bur s t c o uld o c cur 

in 50 d ay s lfv' i �h : -- �., l i t t l e  ;_ � s  1 40 h o ur s  ch i l l i ng ._·.,- o ul d me <m 

bud s o f  t h e  kiwi frui t vine d o  no t show true  do rmanc y .  

Unfortun::t t ely Brund ell d o e s  no t ind i c ate  whe ther  sub s t an­

t i n.lly mo re than ?Oi� bud bu r st  c o uld o c cur , and my re s ul t s  

f o r  1977 sugge s t  t o t al bud burst may no t have b e en v e ry 

h igh . Thus the bud s exhibit  o. b eh avi our l i k e  tho s e  show­

ing t rue d o rmanc y ,  u.l though wealc ened in d egre e ,  but a full 

s tudy o f  the  ab i l i ty o f  . 1 ar:11 t emper o..tures  t o  substi tut e 

for  wi nt er  c h i l l ing vv' o ul d  b e  b e st mad e wi th i nt ac t  plant s 

in a c ont roll ed environment . 

The 1978  s t udy w i th d o �nant bud s s t o re d  at d i ff er­

ent t empe ratur e s  ( Fi g . 31 ) provid e s  support  fo r the  great er  

e f f e c t iven e s s  o f  warm t emp eratur e s  in  breaking dormancy . 

Then pre-t re atment wi t h  l i mi t ed fi eld c hi ll ing ( harv e s t e d 

2 3 May ) plus 580 hours l ow temperature sto rage gave rapid  

an d  h i gh bud bur s t , but a pre-tre atment o f  580  hours s t o r­

age at 1 6 ° , 2 0° o r  24 °C induc e d even mo re rapid bud burs t . 

The swo l l e n t i s s u e s  that e nc l o s e a bud were shown 

t o  �xert a s trong e f f e c t  in inhib{t ing bud burst o f  t h e  

d o rmant bud , an e ff e c t  whi c h  w a s  dimini shed but s t i l l  

pres ent i n  t h e  L .t e  w int e r . 'l'he bud scal e s  thems e l v e s d i d  
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n o t  app e ar t u  c o n f e r  ;::my ad d i t i onal inhi b i t o ry e f f ec t , 

wh e r e as in m rtny pL�nt s t h e y  nre t h e  s ourc e o f  bud i nh i  b i -

t i on .  Apparen t l y  f r e e ing t h e  bud t i s su e s  from t h e.  t o t al l y  

env e l o p ing " s t e m "  t i s su e , expo s ing t h e m  t o  t h e  ai r ,  i s  a 

po t en t  s t imulu s  t o  r<:1pi d and c ompl e t e  bud bur s t . Th e 

mann e r  i n  v·lhi c h  t h e  bud s ar e enc l o s e d  no d oubt provi d e s  

go o d  p r o t e c t i o n f r o ,.n t h e  c o l d  w in t e r t emp e rature s t h e  

o t h e rwi s e  n ak e d  bud s �oul d b e  sub j e c t e d to , but al s o  ap p e ar s  

t o  f o rm p <J.rt o f  t i l e  c o n t ro l  r.J. e c lw .ni sm f o r  bud bur s t . 

P i g . 3 2  �1...1 �1 0  c h J vv s  t l1 e  · ; rouo t i on o f  bud bur s t  by 

t i s su e  r e:no val was o.l:Jo s t  i d en t i c :J.l to t hclt re sul t in(; 

from c o l u t r e a t �;J e n t  ( 2 5 d : �y s  7 °C ) o f  t h e  s t e m s . Thi s 

suppo r t s  t h e  i d e < .  o .t'  t h e enc l o s ing t i s su e s  c o n t ro l l ing 

bud bur s t  in t h e  f i e l d , ·:; i t \ t  d o rr11c:.ncy-br e ak i ng l o\'\' t e mp e r�1-

tur e s  s o mehow mo c.l i fy inc t h e i r  e f f e c t  on t h e  bud s .  

I t  i s  d i f f i c u l t  t o  suc;g e s t  t h e  mCJ.nne r i n  vvh i c h  t h e  

enc l o s ing t i s :J ·u. e s  l i :ni t bud b r e :.d{ . 1/h i l e  in s ome p l ant s 

t h e re i s  l i gh t  r e c;ui r e:i J ent ( l!:re z e t  al . 1 9 6 6 ) t h i-s d o e s  

no t s e e m v e ry L i k e ly i n t h e  ldw i f rui t ,  and i n  Augu s t  e x p o s­

e d  bud s bur s t  :.t. s l ' Cl.p i d ly ·.- :hen l i gh t  was t o t al l y  e x c l ud e d . 

·rh e  l i k e l y  c h � tng e i n  bud t er!l[I G r ::t t u r e  as a r e sul t o f  r emov­

ing t h e  surround ing t i s s u e  may not be ad e Quat e to ac c o unt 

for the r e l at i v e ly l o.rg e c lwnge i n  bud b ehav i our , and c o m­

par e d  w i th s p r i nc bud s , i t  c an t �c e  a c o ns i d e rabl e  p e r i o d 

f o r  t h e  bud bur s t  r e s pon s e  t o  d ev e l o p  ( F i g . 3 2 ) .  T h e  

d ev e l o pment o f  ·:. i n t e r d o rmcmc y Lp p e ar e d  a s  an e x t en s i o n  o f  

l e af- i nhi b i t e d  bud br e ak i n  t h e  sur.un e r , and s o  a s  w i t h 

d o rman c y  induc e d  by o. sho r t - d c,y 1 e af s t i mulus i t  do e s  no t 

s e em l i k 8 l y  d o rm<lnc y  r e sul t ed f rom a l imi t e d o xygen d i f­

fu s i on i n t o  t h e  bud t i s sue s ( w 'ar e ing 1 9 6 9 ) .  H e nc e ,  i t  i s  

d i f fi cu l t  t o  i mag i n e  t h a t  t h e  bud ' s surround i ng t i s s u e s 

b eh av e  as a s e e d c o c.".t may in int e r f e r i ng vvi th oxygen u p t ak e . 

Al though such an e f f e c t  o f  t h e  bud s c al e s  o f  Ac e r  has b e en 

r e c o rd e d  ( Po l l o c k  1 9 5 3 ) .  in the b l a c k currant inhib i t i on o f  

oxygen uptalc e d i d  n o t  app e ar t o  ac c ount f o r  t h e  inhi b i  't o ry 

e ff e c t  o f  t h e bud S C [J.l e s  on bud bur s t  ( T inkl i n  and S c hwab e 

1970 ) .  In fac t k i wi fru i t  bud s i n  Augu s t , when expo s e d  and 
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s e al e d  wi th .Paraf i lm cmd L �no l i n  t end e d  t o  mak e t h e  mo s t  

ra p i d  erowt h . 

H ow e v e r  t h e  r e sul t s  o f  �xp e r i m en t  3 i n  J e c t i o n 3A 
su.c.sg e s t  that i n  t h e  e �i.rly ·;; in L e r l � �t e ral bud s c::�.re pr event e d 

f r o m  bur s t ing by 2 l ac k  o f  ui r .  �x � o s ing t h e  bud s by 

p runi ng r e sul t s  in r::�Yl i d  bud bu r st , but thi s do e s  n o t  

o c cur i f  L\no l i n  i ;.:;  u s e d t o  e x c l u d e  a i r  from t h e  bud . 

W o und ing by cut t ing '. i <J. S  no t e f f e c t ive , al though in d e t ac h e d  

ap p l e sho o t s  d o r:il � .n t  bud s d e v s l o p  a s  u. r e sul t o f  cu t t ing 

( Paivo. and Ho b i t c:d l l e  1 973 ) . :.J i m i l �Lrly such i n j ury o. s 

r- e sul t e d from imuers in�� c u t t i ng s  i n  runni ne; vmt e r  f o r  t w o  

o r  f i v e  d ny s  l arce l y  ·l r e v ent e d  bud bur s t , unl ike \/ e s t wo o d  

and l3 j o rn s t ad ( 1 9 7 3 ) ' . .  J lO  f oun.'1 t h i s  t r e c1tment r e duc ed 

w in t e r  d o rm�nc y . 

T h e  n o n- i�vo l v c m e n t  o f  e t hyl ene in th e p r o mo t i o n  

o f  bud bu r s t  b y  ::::-� e 1:1 t i s :::;u e  r e: .w vo.l w a s  ind i c a t e d b y  t h e  

i nh i b i t o ry e f f e c t  o f  e v e n  t h e  l o  . .  e s t e t h e phon appl i c at i on . 

T h i s i s  s i r!l i l ::-,r t o  t �-- e r e �:; u l  t s  o f  faivn 3..l1cl .Ro b i  t ai l l e  

( 1 9 7 8 ) v•ho f o und n o  e v i d euc e f o r  a ro l e  o f  e thyl en e in 

wound- s t imul:L t e d  buJ b r e ak of d o r ::�c.nt bud s .  

Ob s e rv a t i o n s  i n  t\'10 y e e1.r s sho w e d  that i n the c�b s enc e 

o f  a r o o t  s y s t em , bud s burs t a s  r � ·.p i dl y , �"ld t o  th e s ame 

e x t e n t  a s  tho s e  on :.•.n i n t r�c t pL m t . ·rhi s ind i c c. t e s  t hat 

u s i ng sho o t  c u t t i n g s  t o  s t t tdy bud bur s t  i s an ac c e p t abl e 

way o f  s tudy ing bud bur s t  i n  t h i s  pl r mt , and al s o  shows 

t h e  r o o t s  are no t c o n t ri but inr; t o  ee.rly bud gro wth . Any 

ro o t  c on t ri but i o n 1au s t  b e  r e s i du c:.l , h av i ng b e en pre v i ou sl y  

s t o r e d  in t h e  s t em t i s sue o.nd C :J.pabl e o f  b e ing drawn upon ; 

but t h e  r e t ard e d  gro·. 1  th c.. f t e r bud bur s t  in the 2.b s e nc e o f  

ro o t s  i nd i c 2t e s  t h e y ar c i mp 1 rt 8.n t in suppo rting sub s e q u ent 

sho o t  ext ens i on . Ob s c rv� ; t i o n s  in 1977 o f  bud and ro o t  

gro w t h  ind i c &t e d  ac t i ve ro o t  gro w t h  c o inc i d e d w i t h , rath e r  

t han pr e c e d ed sho o t  d e v e l o pment an d  e l ongat i on , exp e c i al l y  

aft e r  l on� wint e r  c h i l l ing , � h i c h  sugge s t s  ro o t  ac t i v i ty 

d o e s  no t promo t e  e arly bud growth - al though i t  c o uld 

w e l l  su p po rt s L. o o t  e x t en s i on g rowth . '.rh c  r e sul t s  o f  
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Brund e l l ' s  ( 19 7 6 ) s t udy o f  fl ow e r  bud d evelo pment sugge s t  

t h e  r o o t s  may c on t r i but e t o  d ev e l o pment al c hange s wi thin 

the  bud . I t  rath e r  app ec1.r s  any environment al e f f e c t  pro­

mo t i ng bud bur st  ( i e .  in overc oming do rmancy , o r  ac c el e ra­

t i ng th e rat e o f  bud burst ) d o e s  so  by dire c tly a f f e c t ing 

the bud s or s t ems , and no t i nd i re c t ly v i a  t h e  r o o t s .  I n  

fac t wint e r  chill inc adv<mc e d  bud bur st  mo r e  than i t  ad ­

vanc e d  the c ommenc emen t o f  ro o t  �roi lth in 1977 , whi c h  

c ould i nd i c �:.t e  c �  d e:;r e e  o f  ind e }J end cnc e o f  the s e  two 

pro c e s s e s . So even thou[;h s c1. p flo;i  �md ro o t  ,o;rowth b eg, �n 

s o on aft e r  pL .c i np, t l1 e � l  .nt o i n  w��rm t e m p erature s , th e re 

was no ind i c �t i on t h 2 t  i t  f �c i l i t ut e d bud burs t . The 
po s s ib i l i ty that ro o t- produc ed  c y t okinins p r e s ent  in the 

s t em enab l e  t h e  bud on ex pl :::mt s t o  c;roVf w a s  d emon s t rat ed  

by Wo o l l e y  and �i ar e ing ( 19 7 2a ) , al though P e t e r s o n  and 

Fl e t c h e r  ( 197 5 ) c on s i d ered thc:.t in <..:.cl di  t i on t o  t h i s po s­

s i b i l i t y bud �ro\·;th r e (  uired s o me o th e r  s t em fac t o r .  

Mature sho o t s  c o l l e c t e d i n  the autw•m gave rap i d  

and c ompl e t e  bud bur s t  fo l l o\':ing art i fi c i al c h ill i ng 

( �xp e riment 5 ) ,  b eh< :.ving o i mi L .. r l y  to me.� t e rial given c·. 
longer p e r i o d  o f  chi l l inz in t l t e fi eld whi l e  s t i l l  a t t ached 

t o  the parent pl ant . I n  t h i s r e s p e c t  t h e r e  was no sugge st­

i on that removin.� t h e  bud s from t h e  influ enc e of  th e roo t s  

at t h e  end o f  I .lay , pu t t h em o.t c. d i sCLd vc·.n t ag e  - nn e f f e c t  

al s o  ind i c e.t e d abo v e . l � enc e ·:. l J. e n  i l lat e r i al was harv e s t e d  

at t h e  t i lf le o f  d e e r1 e s t  d o r;n. :mcy , bud burst only o c c urred 

aft er c h i l l i ne , :::md so  bthl bur s t  ·:1 � t o  s t i mulc�t ed by �� c c l d ­

induc e d  chance i n  t � 1  e s t cll�/bud , and no t by �-- ro o t- f t •.c t o r . 

Change s in cyt okinin ac ti vi ty 

In the � ·.u t umn , bud- c y t o �c i n i n  �1c t i vity was v e ry l ow , 

but sho •;; ed  an inc rc < •. s c ,-:.ft e r  fi eld c h i ll ing , :::md al so  a 

po s s i bl e  C1Ual i t 2.t i ve c l J : �n [�e ( F i g . 36 ) \· :hi c r� v: oul d ne ed t o  

b e  c o nf i tmed . J rov;n ing ( 1 9 7  3 b ) f o und a ch:.Ln�e from � 

s i ngl e p e ak o f  : · c t t v i t y  i n  d o ria<::.n t bud s , t o  ti .' O  ':Jro c:.d 
z o ne s o f  uc t i  vi ty ::l l e n d o  r: 1 : 1.::1 c y  \'J ,:t :> brol{en . During buc1 

bur s t , c y t ok i n i n  ac t j  vi t y  i n  t �·l e bud �J i nc r a n. s e d , r e :::;,c h i ng 
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a maximum wh en c.l m o  s t  hal f  t :: 1 e  bud s were  pcirtly bur s t 

( bud sw e l l ) , a.YJ.d then be L;inninc; t o  de c l ine ( T abl e l l ) .  I n  
t h e  p r evi o u s  G f1ri nz , s ap c y  t o l:inin l e v e l s  s imil clr�y ·vV e r e  

high e s t  at t h e  t i :J e  t h a t  t h e  bud 3 '< . e r e  b e tw e en bud S'N e l l  

an d  advanc e d b u d  b ur s t . I t  app e :. tr e d  unl i k ely act i v i t y  was 

any d i f f e r e n t  i n  t l1 e  t ··NO t yp e s  of bud s a;npl e ( ar t i f i c i ;::.tl l y  

or fi eld chi l l e d ) , e x c e p t  that i n  t h i s singl e t e s t ac t i vi ty 

w a s ; unusually low imnediat ely b e fo re vi sibl e bud movement 

( P 5 ) in t .he  art i f i c Ld l y- c h i l l e d  m<.L t e ri al , and al s o  had 

no t y e t  und e rgon e t h e  :...tpp :..cr en t r ! u:::tl i t ;::, ti ve change <:Ll r e ady 

s e en in t h e  fi e l d  ;n: :. t c r i al ( l� ic; . 36 ) .  

Ho wever t h i s l c1. t t er e f f e c t  was po s s ibly 3.n art i ­

fac t as no such t y p e  o f  ac t i vi t y  was r e c o rd e d  in bud s i n  

t h e  fol l o wi ng y e �r ' Fi g .  37 ) . The bud s u s e d  in Bxp eri ment 

6 c ontained l o w e r  l e v e l s  o f  cyto kinin than tho s e  above , a 

maj o r  diffe r enc e b e twe en the  sampl e s  b eing that the earl i e r  

s ampl e consi s t ed o f  bo th the bud t i s sues  and the enc l o s ing 

s t em t i s sue . As �i th the f i e ld mat e rial u s e d  the previ ous 

y e ar , ther e  was l i t t l e  chcmge i n  nct ivity o ver the nin e  

d ay s  o f  e arly bud mo vement . Again t h e  t rend was for 

cyt okinin c o nc entrat i on ( and p e rhap s c ont ent ) t o  d ec l i n e  

during the l at e r  s t age s of  bud burst . Ove r  thi s p e ri o d  the 

plant s had a d e c l ining level o f  ac t ivity in the s ap - a 
l evel po s s ibly lo ·w e r  than might have b e en exp e c t ed from 

e a.rl i e r  o b s e rvat i ons ( Table 6 ) .  Henc e the quant i t i e s  o f  

h o rmone s b e ing t ranspo rt e d  daily i n  the s ap d ec l ined mark­

e dly , whi l e  the r e  was only a small change i n  bud cytokinin 

ac t �vi ty - but s inc e d i fferent plant s w e r e  u s e d  e ach t ime , 

and they c an vary rn:.:trkedly in cyt okinin ac t i  vi ty at any 

given t ime  ( Tabl e 6 )  i t  i s  d i ff i cul t  to  draw c onclus i on s . 

The e ffe c t  w as f o r  high s ap flow rat e and s ap cyt okinin 

l evel t o  c o i nc i d e  wi th high bud-cyt okinin ac t i vi t y  and the 

stage whe n  the first  f e'l: bud s on the vine were beginning 

to emerge . It c oul d no t be ��hown that the build-up in sap­

cyt okinin l evel p re c e d ed slightly the bud-cytokinin maxi ­

mum , a s  f ound b y  Hev·i e t t  cmd . iar e ing ( l973a ) , but rat her 

ac t ivity in b o t h  t end e d  to  b e  high e r  during the v e ry 

e arly stage o f  bud growth , �nd d e c reased o nc e  bud burst  



was und e r v; ay . I t  i s  unl i k e l y �m e arl i er p e ak i n  ac t i vi ty 
was mi s s e d  s i nc e s r� p  bl e e d i ng b e gun no t mo r e than abo u t  

10 d ay s b e f o r e  t h e  :t' i r s t s :.Lmpl i ng , ·, . h en ac t i vi ty w a s  p r e v­

i ou s l y  fo und to  b e  P� ' .rt i cuL.�rly l m.-' .  I f · c y  L oki ni n s d o  

c ont r i but e t o  e < ,_rly bud ::ro v i t h , no rw�:.l bud bur s t  i n  t h e  
ab s en c e o f  o. s e. p  f l o -. ·; 1 :: c  .. ,ns t hut i n  i t o  ab s enc e t h e  bud s 

mu s t  h av e �c c e s s  t o  <1d e c1 u � :. t e  r: u , m t i t i e s  o f  t h i s h o rmone 
f r o m  o th e r s o ur c e s . H o w ev er bud bur s t w a s  n o t induc e d  i n  

d o rmnnt bud s b y  t r e atment v•J i t h  BAil , ( Exp e r i men t l S e c t i o n 

3A ) , and even d e l ay e d  bud bur s t  o f  '. / i n t e r  bud s ( Exp e r i m ent 

2 ,  S e c t i on 3B ) .  

Bud c yt o k i nin 'il a s  c. l i t t l e h i �h e.:>:' f o l l ow ing f i e l d  

c h i l l i ng , and par t i 9ul �rly i n  t h e  e urly s t ag e � o f  bud gro � th 

ac t i v i t y  w a s  ere ��t e r  i n  f i e l d - c h i ll e d mat e r i al t han ar t i ­

f i c i al l y- ch i l l e d bud s ( T ab l e  1 1 ) ,  an e f f e c t  al s o  r e c o rd e d  

by H e w e t t  and , / ar e ine ( l973a ) . rrh e  d i f f e r e nc e b e tvv e en 

bw.l s f i e l d - c hi l l e d  on �m L 1 t � . c t :pl : Ln t c:.nd t h o s e c::r t i ­

fi c i ally- c h i l l e d  o n  d c t ::;.c h c d  s ho o t s was al s o shown by the  
mo r e  rapi d bud b u.rs t o f  t h e  f o rmer ( al tl i o ugh t h e - l e v e l  o f  

c h i l l in£; d i f f e r e d ) , � .. nd � 3rLn : cl e l l  ( 197o ) al s o  f o und t:�r t i  -­

f i c i ally c h i l l e d bud :·' \\· e r e  s l m ·: e r t o  r e ::n .. lm e r;rov-rth :::.t 
e l e vat e d  t cm :1 o rc�t t..tr e s . 

B e c au s e  i t  : :. ; ·- ! J e �o.r e J  : ·. o s s i b l c; the c y t ok i ni n s 

inc r e a s ing i n  t h e  bud �� elurinc bud bur s t c ame from s o u r c e s 

o t h e r  than t h e  rtc t i v e  ro o t  t i p s , i t  \V 8.s d e s i r abl e t o  d e-

t ermine t h e i r  ::: .c t i  vi t �r i n  s t t: .i i  t i ::-; su e , v·.rhi c h i s  c o n s i d e r e d 

by o t h e r au t h o r s  ( l3:'o .:minc 1 9 7 3b , l l evv e t t  ::md 'd are ing 1973 �1 , 

Sk e n e  1972 ) t o  b e  nn i 111po r t c m t  S 1) urc e o :f  c y t o ldn i n s  i n  t h e  

s p ring . In c o n s i d e r i n� p l �nt b e h avi o �r i t  i s  al s o  w e l l  t o  

r e memb e r  t h e  f i e l d  s i  t u::-Lt i o n , ::-�:'1d t h e s e a s onal v::.ri <�t i o n s  

in mi c ro c l i mat e o f  a d e c i J uou s vine . In the abs en c e o f  a 

l e af cano py , b: r. rlc , c:-�:nb i uo , . :::.nd xyl em t e1np e ra tur e s ar e  

hi �h e r duri nti; t h e  d ::J.y o n  �:. b ri �ht s unny d ay i n  t h e  c o o l  

s e as o n  t h an  i n t h e  su:nm e r  ( G e rb e r . 
e t  al . 1 9 7  4 ) .  W i th the 

warme s t  and c o l d e :; t z o n e s w: ;ually b e ing n e ar to the ground , 

ve ry l arge t emp e r�1.. ture :2_;rad i an t s  c �m o c cur t h en o.c ro s s  Cl 

t w i g  o r  t runlc �rnd J.)I'O duc e phy s i o l o gi c al s t r e s s . Such s t r e s s  
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c ond i t i ons , and the  s t imul c:tt i o n  o f  c ellular ac t ivi ty 

in the c ambiwn lay e r  by the warm t emp erature s c ould 

c ontribut e to seas onal change s in the t i s su e s  which  

change s are of  impo rtnnc e in  curly plant growth . 

I t  has  b e en o stulc�t ed t h:--.t lat eral bud s rnay be  

s i t e s  of  cyt okinin synthe s i s , 2l t hough the  inc reas e d  bud­

cytokinin ac t ivi ty c ould al s o  b e  ac c ounted fo r by the i r  

ac cumulat ion from o t 11 e r  t i s s u e s . In t l l e  wi llo\'! i t  was  

shown thc�t  1:.:-.,t eral bud s h a v e  t l1 e  abi l i t y  to  hydroly s e  

gluc o sylat ed z eat in d e ri v�·. t i  ve s , an d  then t o  u s e  them for  

bud d ev e l o pment ( v� ·.::l J t � �d e n  � '.1l d Srovm 1 97 8 ) . ·r h e s e  ::mtho r s  

sugge s t ed t h e  l : . t e r: !.l bud s d o  no t s yn t h e s i s e  cytokinins 

d e  � '  but have t h e  c �•.pac i t �' t o  c onv e rt cytokinins that 

are t ransport ed to tll e:n . 

A s iHli L �r l ev e l o f  ac t l vi ty 'NO.s found in the shoo t s  

o f  all field  samp l e s  ( Fi g .  33 ) ,  and there  was no evid enc e 

o f  increased ac t iv i t y  o ver t he lat e  su.rnrner and autumn Q In 
the poplar , l e af cyt okinins � �re convert ed t o  gluc o s id e s  

( H ew e t t  and , /areine 197 3b ) ,  anll a s  they have al so b e en 

d e t ec t ed in phl o em s ap ( v£m S t ud en 1976 ) i t  i s  po s s ibl e 

for sho o t  cytokinins to  b e  trm1 s port ed t o  the st ems or 

ro o t s  in the  autwnn , for  use  at  a sub s e quent date - as  in 

the support o f  bud burst . There was no sugge s t i on in the 

re sult s  here of e i th e r  an autumn ac cumulati on of st em 

cytokinins , or the pre s enc e o f  a cytokinin gluc o s id e .  But 

cold  s t orage o f  w o o d  r e sul t ed in increased  ac tivi ty , whi ch 

was not the r e sul t o f  bud or ro o t  ac t ivi ty s inc e they had 

b e en removed 1 2  v1 e ek s  earl i er - and a s imil ar but more 

dramat i c  change in the sap act i vity  of grape c an e s  follow­

ing cold  s t o rage was found by Skene ( 19 7 2a ) . 

D e t erminat i on s  o f  cytokinin ac t i vi ty in 1977 showed 

that bud ac t ivity was very low at the t ime that their  

dormancy had jus t  be en broken ( 30 June ) ,  then t ende d  t o  

ri s e  over the foll orJing month when s ap bl e edi ng began and 

the bud s developed  the c apac i ty for very rapid bud bur s t . 

But as in 197 5 ( Fi g .  3 6 ) a m: ·.rk ed increase  in ac t ivity 
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o c curred only at bud sw ell . In the  s t em t i s sue , c y t o k inin 

ac t i vi t y was v e ry low v1h en do rmancy had b e e n  rec ent ly 

b rok en ( June ) , al though the bud s w e re now c ap abl e o f  rapi d 
bud burs t  - sugge s t i ng s t em-c yto k inin di d no t c on t r i bu t e 

t o  th e bre aking o f  do r:nancy . l i h en s t ern t i s su e  was c hi l l e d 
( Ex p e riment U o . g )  t h e r e  was only a sl i ght change i n  

cytok inin ac t i vi ty , and i t  c o ul d  no t b e  r e l at e d  t o the c old  
tre atment that promo t e d bud b u r s t . 

I t  was sugee s t ed e ;;;.rl i e r t hat imp o r t an t  change s  

o c cur i n  the  v i n e s froHl the end o f  Jun e  when rapid  bud 
bur s t C D.n agai n o c c ur ,  <.md i t  c o uld al s o  be that o n l y  

from that t i m e  do  bud s and s t e i!lS d eve l o p  the C i=J.pac i ty 
t o  produc e c y t o ki n i n s  tha t ap p e ar fro m that dat e .  S t em­
cyt o kinins i nc re a s e� during July , cmd thi s  ac t iv i t y  c ould 

favour the v e ry rapid bud bur st t h e  bud s w e r e  then c apabl e 

o f ;  and over th e n e x t  3 �·, e elc s  l e ad ing up t o  bud swell t h e  
s t ern t i s sue c ont inued t o  o ffer i ncre as ed n. u a.nt i t i e s  o f  

cyt o kinin . Any e ff e c t o f  s t ern-cyt ok inins on bud bur s t 

would app e ar t o  b e  t o  f;:tc i l i  t a t e  or sup n o rt bud grow t h , 

rat h e r  than t o  c ::-m D e  i t , s irlC e t h e r e  vm s no d rama t i c  i n­

c r e as e i n  s t em- c y t o k i n i n  ac t i vi t y  pre c ed i ng bud bur s t . 

S t em- c y t o kinin act ivi ty showed an i nc r e a s e  from the 
s t ar t  of sap bl e ed i ng i n  the B o.m e ract.nne r  as s ap-cytokinin 
c ont ent r i s e s  - an e f f e c t  o n e  c o ul d expe c t  w h e r e  c y t o ki ni n s  

were  · b e ing r e l e �'. s e d  i n t o  t h e s 2.p fro:n ·v: o o dy t i s sue , ru.t h e r  
than re fl e ct i ng p r o d u c t i o n  i n  t !·t e ro o t  t i p o . 

H enc e t h e r e  i s  s om e  e v i d enc e t h e  sho o t s  tlt em s e lv e s 

c ould , f o l l o'<v int.: •:. i n t e r  c ll i ll i n� , J f l[ �lc e c y t okin i no 2..Vo.il­

abl � for d e v c l o :1 i ng bn d s  from c y t olcin i n s  o ri ginat i nG in 
t h e  w o ody t i  s s u.e . S u c ll ::> t  8 l ll- c y  t oki nin c o ul d  be t ran �3 o o r t ed 

in t h e  o a p  flov; , � �n d  c o n L r i  bu t e  t o  bud ero w t h  CLl ong v'l'i. t h  

o th e r  c on t ro l l  in{� .L c t o rs . l fo �·: c v e r  i n  bo t h  f i e ld- ch i ll e d  

and '  art i fi c i :tl l y- c lt i l l ed �; L e m t i s si..t e , only s;nal l i nc re as e s  

in cy t o l<:ini n :·Lc t i v i t y  v: e r ::: . i e t e c t ed .  In t L e  bud. s o f  c o ffe e 
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BroVImin[; ( 197  3 b )  s e e s  t h e;; d o r:T .. ncy-b r e ::.�ld n,·� s t r e s s  r e sul t ­

ine; i n  c y t o lc i ;:-l i :  c •  \:K i n: ; r r' l O CI.G C' d  i n t o  t h e  Xyl e m  S D.-p f r O J,l 

t h e  v a s c u l ��:.r c · .: :lb i uu , : : nd t :. '. �c e n  t o  t h e  bucJ s \·. }: e re · t L e  
i nc r e as e d bud - c y  t o k in i ll i n  c o n i  tul c t i o n , ... ;·i t h  inc r e :t s i ng 

bud-gibb e re l l in :-tc t i  v i.  t y  r c.' :-.ul t s  i n  bud : �ro · . .  th . 

Bud- ABA and l l o r:" '-"nc v  

Furth e r  : ;  L · tcl i e ::.; .; f c L :cnc;c c in bud- A D A  ac t i vi t y  

w o u l d  b e  o f  v�'. l u e  t o  :.t s ::; c ::; s  t il e:  e ±' f e c t s  o f  t e m p e rature 

on d o rr.1cm c y  e::ncl b',ld- A!1A . ·r:1 e r e s ul t s  in F i G . 42 shoVJ 3. 

mark e d  ri s e  i n  inh i b i t o r  ;: .. c t ivi t y in t h e  autumn t o  re ach 

a h i gh vo:�lue ::d ab o u t  the t i m e  of d e e p e s t  d o rm.:mc y . 'rh i s 

h i gh bud - ADA c o nt ent b ad f al l on by th e t i m e  d o rm8-nc y w c� s  
• 

broken in t h e  f i  c l d  in e ;'.rly July , and al s o  follow ing 

c o o l  s t o rc.ge . 

ABA ac t i vi t y was n o t  rel at e d  t o  th e c apac i ty f o r  

rap i d  bud burs t , b e i ng s o mewhat l o w e r  i n  T r e atment s 5 ,  6 , 

3 ,  1 t h an in T r e �t ment 4 ,  altho ugh the f o rm e r  all had 

d e l ay e d  bud bur s t . A d e c r e a s e  in ABA- l i k e  ac t ivi t y  d o e s  

no t n e c e s s ar i l y  r e sul t  i n  a l o s s  o f  d o rmancy ( T reatment 5 ) . 

The l o s s  o f  ABA ac t i vi ty w i t h  c h i l l i ng and w i th t h e  

breaking o f  d o rmancy are no t t h e r e fo r e  shown t o  be r e l at e d .  

I t  i s  al s o  o f  int e r e s t  that bud-ABA ac t ivi t y  was 

r e du c e d  by s t o rage at e i t h e r  warm o r  cold t emp e rature s ,  

and indi c at e s  wint e r  c h i l l ing i s  n o t  an e s s ent i al p r e ­

r e q u i s i t e  f o r  a r e duc t i on i n  t h e  ABA c ont ent o f  k iwi f ru i t  

bud s . Thi s i s  s imilar t o  t h e  r e sult o f  Mi elke and D enni s 

( 197 5b ) who show e d  that t emp e ratur e  had �o e ff e c t  on the 

d i s ap p e aran c e  o f  ABA from d o rman t  ch erry bud s . 

H enc e in kiwi f rui t bud s ABA-like ac t i vi ty inc r e a s e d  
I 

in t h e  autumn w i .th the d ev e l o pment o f  bud d o rmancy , and 

ac t i vi t y  d e c l in e d  during t h e  wint e r to · r e a c h  a l o w e r  l ev e l  

whe n  th e bud s w e r e  c ap abl e o f  bur s t ing . '£h i s i s  typ i c al 

o f  many o th e r  pl :.:nt s .  I'Ji e l k e  and D enni s ( l 9 7 5 a ) found the 
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autumn i nc re a s e  w a s  no t c o inc i d ent 1 1 i  th the ons e t  o f  d o r­

mancy ,  but vl i t h  t11 e  s t art o f  l e af ab sc i s si on .  'rhe s ame 

may be t ru e  of lci \ J i f ru .. i t  vlll e r e  mr<-xirnwn- inh i b i  t o r  c ont ent 

was found when lilo s t  o f  the l e nv e s  w e r e  ye l l ov: ing , and ab­

s e i s e d  r e l � t i v e ly fr e e ly . 

Bud-ABA ac t i v i ty � a s  no t r e Juc ed to a gre at e r  

ext ent b y  inc r e a s ing t h e  d egre e  o f  chi l l ing , and rapi d  

bud burs t  c ould o c c ur ·. ;h e r e  bud-A.BA l ev e l s  w e r e  s t i ll 

r e l a t i v e l y  h i gh . 'rh e  s i rn i l : !.r i  t y  o f  t h e  e ff e c t  al s o  re­

c o rd e d  by ;,Ji elke  � ·.nd D enni s ( l 97 ?b ) of a t ern p erc-'..tur e  o f  

2 4  °C and 4 °C e r ·ual ly reduc ing bud-A!3A c ont ent , c ould 

sugge s t  wint er c h i l l i ng d o e s  no t promo t e  bud burs t  by 

lowe ring ABA ac t i vi t y . Bu t the c ompl e x  nature of the  

e f f e c t  of  t empe ratur e  in o v e r c o mi ng d o Tinancy ( Fi g . 3l ) mak e s  

mo r e  d e t a i l e d  s tudy n e c e s s C!.ry t o  c onfirm the i d e a  that a 

l o s s  o f  ADA i s  no t e s s ential fo r t h e  l o s s  o f  d o rmancy . Th e 

d e t ai l ed s tudy o f  . ! r i ght ( 197 5 )  i llCl i c at e s  i t  v;ould ... �l s o  b e  

h e l pful i n  such ru 1  i nv e s t i gat i on t o  s tudy t h e  d i s t ri bu t i on 

o f  ABA w i t h i n  t h e  buu , :md t h e  fo rr�t in , ,rh ich i t  i s  ! ·, re s ent e 
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B .  " Summer D o rmancy " 

'l'he kiwi frui t vine �:; : 1 0 \' i S  s t rong api c al dominanc e ,  

with the gro v1ing t i p  o f  a sho o t  pr event ing the growth o f  

the lateral bud s ,  v;h ich r e 1n ; ·.in inhibi t ed unt i l  the follow­

ing s pring when t h e y  burst t o  pro d uc e  a fl owering sho o t . 

During t h e  e c�rly S lDt. J e r  s ev e r e  d e f o l i ::-,t ion o f  the ac t ively 

growing sho o t , o r  l o s s  o f  the �rowing tip by d e c ap i t a t i o n  

o r  d i eback - nfter  � mal e i c  hydrazide  spray , resul t s  i n  

the rapid growth o f  a numb e r  o f  axillary bud s . As the 

summe r  advanc e s , thi s t end ency , as in o ther plant s b e c ome 

l e s s  marked and finally no bud bre ak follow s d e c apitat i on .  

Thi s c an b e  o b s e rved in the f i e ld , but a similar e f f e c t  

was shown by d e f o l i at ed si ngl e-no d e  cutt ings held a t  warm 

t empe ratur e s  where bud s c o l l ec t ed in e arly D e c emb e r  had a 

c o mpl e t e  and rapid bud burs t ,  and through the summer unti l  

mi d April bud burst b e c nme slo·Ner . When mat erial was c o l­

l ec t ed in the autumn and v;int er almo s t  c ompl e t e  bud burst  

c ould some t ime s be  induc e d , ind i c . � t inr; 10 \ J  t emperature s 

were no t nec e s s ary for bud bur st al though they c ould 

inc r e a s e  i t , and � �.lway s hast en i t . I l enc e the su:mmer c o r­

relat ive inhibit i on o f  bud s c ont inued into th8  wint e r ,  

wi thout an o bvi ous d.r::1mat i c  change ind i c at ing the so­

c all e d  wint er do rmancy i s  s imply an extension o f  sunrrner 

c o rrelat ive inhi b i t i on , and T inklin and Schwab e ( 1970 ) 

sugge s t ed that suiill:1er and wint er do rmancy did  no t d i ffer 

quali t atively . Sinc e thi s pat t ern o f  increas ing bud 

inhi b i t i on was found in d e t ached mat erial , i t  app e ars the 

inhibi t o ry cond i t i on is  r e sidual in the plant sho o t  and i t  

t ak e s  t ime fo r i t  t o  d i sappear - e i ther by ac tual l o s s  o r  

being c ount erac t ed by some promo tive  influenc e .  

From many stud i e s  o f  c o rrelative inhi b i t ion , two 

main po int s are that in the promo t i on of bud burst , o th e r  

fac t o r s  b e ing e nual nearn e s s  t o  t he roo t s  c onfers some 

advantage , whi c h  app e ar s  to  b e  ho rmonal ( Smi th and ¥� are ing 

1964a , 1 9 6 4b ) , and that some  o ther fac t o r  mod i f i e s  the 

di s t ri but i on or ac t i vi ty o f  thi s ro o t  fac t o r  throughout 

the plant sho o t s . Auxin has a primary rol e  in c o rre­

l at ive inhi b i t i o n  ( Philli p s  197 5 ) ,  and of all the o ther  
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gro w t h  r e eul :', t o r s  t h e  c yt okinins are the mo s t  ac t iv e  i n  

ant agon i s inc; o r  r e l i e v i ng t h e  i nhi b i t o ry e f f e c t  o f  I AA 

o r  c o rr e l a t i v e  inhi b i t i on ( eg . N i c k s o n  and 'l'h i mann 1 9 58 ) , 

and c y t o l{ inins ari s e  t o  a l < trge e x t ent in t h e  ro o t  sy s t ern . 
In t h e  pr e s e:nc e o f  . .  L � ::� in L i � G r c  �c !Ytl e <:.rs t o  b e  e f f e c t i v e ly <�  

d e fi c i e n c y  o f  c y t oldnin Ll.t the l at e ral bud , nnd th i s  i s  

appar e n t l y  brough t about by t h e  apex ( o r  apic ally-appl i e d  

I AA )  having a c on t ro l l ing infl uenc e o n  cyt o k inin t ran s­

p o rt and 1ne t ab o l i sm ( h enc e d i s t ri buti on and ut i l i s at i on ) 

i n  t h e  s t em ( . � o o l l ey c-.nd . i ar e ing 197 3a ) .  S ac h s  and 

Thimann ( 1967 ) h o v1ever sugg e s t  thc.t f o l l o w i ng a d e c l ine i n  

auxi n  f rom t h e  ap ex , t l l e  l a t e ral bud s i ni t i a t e  aux in p ro­

duc t i on whi c h  t h e n  s t i mul a t e s  tlle bud s to syn t h e s i s e  

cyt o k i ni n s . 

Th e pre s en c e o f  l e a f  t i s sue - e i th e r  o n  t h e  int ac t 

pl ant , o r  o n  D. s ingl e-no d e  c u t t ing - w a s  found t o  i nh i b i t  

bud bur s t  during t h e  SUJI1 1 e r . i l enc e d e fo l i a t i o n  o f  a s t em 

cut t i ng i mJ1J e d i at e ly aft e r  c o l l e c t i on , o r  i t s  sub s e cment 

l o s s  through d e s s i c �t i on o r  prun inc p rompt l y  r e sul t e d in 

bud g r owth . Dur i ng the summ e r  t h e  inh i b i t o ry f ac t o r  c o n­

t inu e d  t o  ac cwnulc.. t e  in t h e  s t em and/o r  bud , s o  th at i t  

t o ok pro gr e s s i v e ly l onger t o  d i sap p e ar at w a rm t e mp e ra­

ture s .  

U s i ng d a t a  i n  t h e  t a bl e s pre s en t e d  in S e c t i o n 3 B  

one c an i nd i c at e  t h e  r e l cLt i v e  e f f e c t  o f  a l e af on bud 

bur s t  ( a f t e r  2 3  day s ) -

+ l e af 

- l e af 

D e c emb e r  J anuary 

2 5  

73  

li' e b ruary 

11 

59 

A pr i l  

0 

38  

H enc e a bud i t s e l f  ( i n  t h e  a b s e nc e o f  a l e af ) 

b e c ome s i n c r e a s i nc;ly inh i b i t e d through the summe r , o n  

t o p  o f  wh i ch � t  l e af alw ay s i mpo s e s  a s t rong d e gr e e  o f  

inh i b i t i on o f  bud growth . In t h e  e arly summe r  t h e  sho o t  

ap ex may b e  t h e  d o Etin2.11t c c�us e  o f  bud inh ib i t i o n  ( a p i c al 

dominanc e ) , a s  \'i a s  c l u.imed by ·.L i nk l i n  and S c hw ab e  ( 1970 ) .  
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Howev e r  t h e  r e sul t s o f  C o z en s  and N i l k i n s o n  ( 1966 ) show 

t hat i n  mi d summe r  w h en t h e  apex has i t s maxi mum inh i b i ­

t o ry e f f e c t  in t h e  blackcurrant sho o t , the e f f e c t  · o f th e 

a p e x  i s  c on s i d e rably l e s s t h an t l 1 nt o f  the l e av e s .  Appar­

e n t ly t h e  l e av e s  ar e ac t in� e i t h e r  as a s o urc e o f  i nh i b i t o r  

p r o du c t i on ,  o r  e l s e  c au s e  u pr o mo t i ve i nflu enc e no t t o  

e x e rt i t s  e ff e c t .  

T i nk l in ond Q C l nvab e  ( 1 9 7 0 ) auGc e s t e d  that an i n­

h i b i t o r  w a s  p r o du c e d  in tl1e  l e av e s , whi c h  t h e n  pas s e d  i n t o 

t h e  bud s and bud s c al e s  w1t i l  f i nal l y  a t  t h e  end o f  t h e  

summe r t h e  bud s 'N e r e d o rman t . 'fh e i r  inhi b i t o r  c ould hav e  

b e en ABA , and t h e  i n l1 i b i  t o ry f ac t o r  w a s  al s o  r e ad i l y  t ran s­

p o rt e d  b c.s i p e t al l y . , J ri gl l t ' s ( 1 9 7 5 )  w o rk w i th blackc urrant 

sugge s t e d ADA has a n  i mpo r t an t ro l e  i n  the i nduc t i on o f  

d o rmanc y .  I n  k i 'i; i fru i t :�DA ap ) l i e d  t o  d e fo l i n. t e d  cut t ings 

i nh i b i t ed bud bur s t , and t h e  l e v e l s  o f  ABA- l i k e  ac t i v i ty 

i n  bud s inc r e c•. s e d  i n  t h e  autumn ( Ii' i G . 4 2 ) , h enc e i t  vwu l d  
b e  p o s s i bl e  f o r  .:.u;� YJrocluc e d  · . . i t l:. i n  a mCLt ur e l e af t o  i n­

h i b i t  bud bur s t  i n  t l'l e i n t : L c t  ; ; l , ,n t . 'l.' h e r e  i s  l imi t e d  

e v i d enc e t hat AB,.  � · e t a [ ·. a  c.. c o rr e l ; : t i v e inf1 i b i t o r  o f  bud 

grovt t h  in t h e  p e [•. ( . d t i t c  � 'ncl . .  · .' ns f i e l d  1 977 ) and X anthium 

( Tuc k e r  ancl . .  .un s f i c- hl l '.J7 3 ) , , ,r:cl i t  i s  p o s s i b l e t h e  p r e s enc e 

o f  ::uxin c o uld �Ll s o  ;: t i ' m. L � t c  t t1 c  l o c al s:.rn t h e s i s  o f  ABA 

( Tuck e r  1977 ) .  Furt h e r  wo rk i s  r e q ui r e d  t o  d e t e rmine the 

ext ent to whi c h  ABA pro duc ed by maturing l e av e s  r e sul t s  in 

c o rr e l at i v e  inhi bi t i o n ,  and what o th e r  growth regul at o rs 

ar e a l s o  involv ed . 

The r e  i s  c o n s i d erabl e e v i d enc e f o r  a prime ro l e  o f  

IAA i n  t h e  c o rr e l at i v e  inh i b i t i on o f  l at e ral bud growth by 

t h e  l e ad i ng sho o t , and po s s i b l e  m e chani sms o f  thi s e f f e c t  

w e re c on s i d e r e d  abo v e . I t  h a s  al s o  b e en sugge s t e d that i n  

mid- summ e r  i t  i s  aux i n  pro duc e d  b y  t h e  l e av e s  that maint ains 

the d e v e l o ping bud a s  a r e s t ing bud , s inc e aux i n  p r e v ent s 

bud bur s t  y e t  p e rmi t s  no rmal bud d ev e l o pment i n  s ev e ral 

c ro p  plant s ( Ful f o rd 1 9 70 ) . IAA appl i ed t o  d e fo l i a t e d  

c u t t i ngs w a s  s t rongly inh i b i t o ry o f  bud bur s t  ( Exp eri m ent 2 
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S e c t i on 3B ) . As i s  t yp i c al o f  auxin , in Exp eriment 3 the 

inhi b i t o ry fac t o r  was found to move in the s t em t i s su e  in 

a bas i p e t al d i r e c t i on ,  s o  that i t s  pre sumed accumulat i on 

inh i b i t ed bud bur s t , and i t s  d i s appe aranc e all owed bud 

burs t . The s ame effe c t  was  r e c o rded by P e t e r s on and 

Fl e t c h e r  ( 197 5 ) who c l ai med tl1 e i r  re sul t s  w it h  d e c api t at ed 

s t em cutt ings ind i c at e d  a p o s s i b l e  auxin involvement in 

bud inhi b i t i on . Over the period  that l e av e s  are p r o duc i ng 

auxin ,  l e af c o rrel ative bud inhi b i t i on c ould o c cur in a 

s imil ar manner to  t hat pro po s ed f o r  the maint enanc e o f  

api cal do minanc e .  

Th e inh i b i t i on o f  bud bur s t  in the pre s enc e o f  a 

l eaf c ould be  due t o  i t s  c ont inuing produc t i on o f  aux i n , 

whi ch inhibi t s  bud growth d i r e c t l y , o r  ind i r e c tly by 

prevent ing the no rmal ac t ivity o f  a sub s t anc e promo t i ng 

bud burst . The ex i s t enc e o f  such promo t ive m�t erial was 

sugge s t ed in Experiment l ( S e c t ion 3B ) whe r e  in the pre­

s enc e of  a l e af , a lctrge pro p o rt i on of  bud s burs t  when 

the c u t t ing al s o  h2..d ro o t s  - p� :.rt i cularly when the ro o t  

sy s t em was r e l o.t i v e ly large ::md e x t ensive . ·rhe promo t i v e  

e ff e c t  o f  a newly- e st abl i sh e d  roo t sy s t em w a s  no t pre s ent 

in basal c allus : md �my ro o t  p rimo rd i c::!. it mi ght c ont <.dn , 

but exogenous BAP was pnr t i al ly e f f e c t i ve . The relative  

eff e c t i vene s s  of  t h e  ro o t s  1 11::·.y have b e en exaggerat ed s inc e 

they would have b e en pre s ent from some t ime pri o r  t o  the 

s t art o f  o b s e rvat i on . The l i mi t ed bud burst  j n  the pre­

s enc e of a l e af , and w i th no exo genous cytokinin 

( Exp e riment 2 ,  � e c t i on 3B ) c ould r e fl e c t  the pre s enc e o f  

a r e s i dual proL'lo t i  v e  ro o t  fac t o r ( V'l o o l l ey and vlareing l 9 7 2 a ) . 

W o o l l ey and . v'are ing ( l 9 7 2 c ) found that when api c al 

dominanc e was r c 1no ved , the  ac t i on o f  cyt okinins was antagon­

i s e d  by I AA ,  and that l3AP metabo l i sm by s t em t i s sue  was d i f­

ferent in the p r e s enc e o f  I AA ( ,/ o o ll e y  and ilare ing l 9 7 2 a ) • 

. Jhen Kine t i n  -814c v� as appl i e d  t o  d e c api t 2.ted  p e a  s e ed­

l i ngs ( Mo rri s and , / infi e l d  1 97 2 ) , 14c ac cumula t e d  in the  

int e rno d e s  but not  in the axi l l ary bud s if  the plant s were  

t r e at e d  with I AA . I n  l!.:x�l e riment 4 al though c h ange s  in 
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c y t okin i n  ac t i vi t y  -. .· e r e  no t ,:_';r C! rtt , i t  ''-lJ oeared  that endo­
genou s s t em- c y t o :d n i n  . . � e t ;  b o l i sr:1 and c.c t ivi t y  w a s  al t e r e d  

in t h e  �) r e s enc e o f  c l ev: ·  .. t c d l e ve l � o f  : �uxin . I t  Liny tl 1en 
be t h <:�t the c r u  .n.:� e d  ll i : ;l l c r  t i s su e  c y t o k in in f o l l o v : i ng· 

d e c np i t L � i on �'.ncJ d e i' o 1 L . t i o :1 j s  r e l :::-. t e d t o  t h e  sub s e r  u e n t  

bud bur s t , :1nd thc.;.t I AA l e v e l  i s  i , n-p o rt r;nt i n  i ni t L.. t ing 
such cl c h :_mge . 

In  t h e  lJr e fJ Cl J C e  o f  I AA ,  cy to kinin :.tc t ivity i n  t h e  

c ombined s t em/bud sampl e was reduc ed over the  72  hours 
following d e c arl i t c. •. t i on • .  i o o l l e y and , v'ureing ( l97 2 a )  
found reduc ed rad i o ac t ivi t y  form 14C-BAP 1 2  hours aft e r  
ro o tl e s s  cutt ines v e r e  treut ed with I AA - but no t aft e r  
2 4  hours . I n  t h e  a b s enc e o f  IAA the surge o f  cytokini n­
like  ac t ivity at only 4 2  hours in kiwi frui t ,  i s  s imil ar t o  
the o c currenc e o f  rel�t i vely h i gh e r  l evel o f  cytokinin 
metabo l i sm 12 hours aft er  t r e atment but not aft er  24 hours 
in the po t at o  ( W' o o ll ey and \i are ing l 9 7 2a ) , and c ould 
sugg e s t  any c ausal ch<.i.nges  in endoe;enous hormone s are o f  
relat ively sho rt durat i on , ru1d henc e a ne ed f o r  ·cl o s e­
int e rval sampl ing i n  thi s w o rk .  I t  has simil arly b e en 
no t ed that part i al root  pruning o f  s e edl ings increased  
xyl em- sap cytokinin ac t ivity  aft er  2 4  hours but no t aft e r  
48 hours ( Carl son and Larson 1977 ) .  

I t  was b e c au s e  o f  t h e  e ff e c t ivene ss  o f  exogenous 
cyt okinin that i t  was ini t i al ly u s ed in Experiment 2 
( Se c t i on 3B ) , but i t  was then found that in both summer 
and wint e r  ( D ec emb e r ,  January , February , June , July ) BAP 

inhibit ed bud bur s t  in both the pre s enc e and abs enc e o f  
l eaf t i s sue . 

Wh en cutt ings were  c ol l e c t e d  on 2 5/8/7 5 i�ediat-
ely b e fo r e  bud burst  in the fi eld ( Experiment 4 ,  S e c t i on l B ) 

a high c onc entr:::·.t i on o f  BAP ( 5 0ppm ) e i ther alone , o r  i n  
c ombinat i on with GA3 d id no t d e l ay bud movement , o r  reduc e 
the l evel o f  bud burst . The reason f o r  thi s c onfl i c t  in 
r e sult s  i s  n o t known . Ini t i ally cytokinins hav e  d elayed  
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bud grow t h , e.l t h o ugh sub s e n, u ent l y  such bud s hav e  mad e 

st ro ng sho o t  growt h ( '1/ o o l l e y and 1v' ar e ing l 9 7 2 a ) . T h e y  al s o  

found that und e r  s o m e  c ond i t i on s  o f  handl i ng t h e i r  s t em 

cut t i ng s , BAP r e d uc e d  t h e  �J e r c ent age bud bur s t  and s l ow e d  

t h e i r  grow th , h en c e  t h e  var i ab l e  r e sul t s  o b t ai n e d  h e r e  may 

r e f l e c t  subt l e  d i f f e r enc e s in t h e  c o nd i t i o n s  o f  t h e  c u t ­

t ing s u s e d  a t  d i f f e r ent t i me s . 
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Part 2 . 

I NTRODUCTION . 

JUVENILITY . 

There i s  now some evid enc e that sho o t  juvenility  
i s  intimat ely l inked to  ro o t  ac tivi ty and hormone s pro­

duc ed in the ro o t s , henc e a l imit ed s tudy of juvenil i ty 

appeared a useful ext ens i on o f  work on the kiwi fruit ,  

although the spec i e s  cho s en fo r thi s invest igati on was the 

blackcurrant ( Ri b e s  nigrum ) .  

Flowerine in many higher plant s i s  prec eded by a 

period o f  juveni l i ty ,  whi ch c an be  de fined as the period 
from s e ed germin�t i on during which  no flower ini t i at i on 

can tak e  plac e  und er  c ondi t i ons that are favourabl e during 
a lat er s t age . Thi s to pic has been revi ewed many t ime s 
( se e  Z immerman , 197 2 ) ,  and been the sub j ect o f  Sympo sia  

( e . g .  I SH S  1976 ) ,  but it  i s  s t i ll a phenomenon we  neither 
fully und erstand no r c an c o ntro l . A range o f  charac ter­

i s t i c s  are asso c iat e d with  the j uvenil e state , and they 
have been s tud i ed in a numb e r  of di fferent plant s ,  to­

gether wi th the  changes  o c c u r r i ng at the time of  ' phase­

change ' o r  conversion to  the  adult form , at which stage 
the plant achi eve s the capac i ty to  bec ome sexually re­

produc t ive . Whi l e  i t  may o ft en appear cl ear what juven­
ility i s , and when the sudden swi tch t o  the adult s t age 
has oc curred , Borchert ( 1976 ) considered j uvenil i ty a 

vague c onc ept , and doubted the exi st enc e o f  one uni form 
juvenile  state . 

Whi l e  in nature the j uvenil e  p eriod of  some spec i e s  

lasts  for many y e ars , Higazy ( 1 96 2 ) working with herb­
ac eous spec i e s  found no fixed juvenile  phase exi s t s  i . e . 

i t  c an be modified , and simil arly in wo ody plant s ,  i t  was 

found that growing them continuously under long days  
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reduc e d  the l ength o f  the j uven i l e  phase  so that flow ering 

o cc urre d  s o oner ( Robinson and � ar e i ng ,  1 9 6 9 ) .  

It has o f t en b e en no t e d  that the trans i t i on from 

j uven i l e to adult t akes  plac e when the seedl ing has r e ached 

a c ertain minimum s i z e , so  that s i z e  would  s e em imp o rt ant 

to pred i sp o s e  the plant to r e s pond to induc tive  c ond i t i ons . 

Blackcurrant s e ed l ings w i l l  ini t i at e  fl ovver buds aft e r  

sho rt-d ay t reatmen t ,  bu t only i f  they have  previ ously 

at t ained  a c ert e.in  minimum s t em heie;ht ( Robinson and 

W are ing , 1 9 6 9 ) .  A simi l ar s i tuat i on i s  shown on i nd i vi dual 

sho o t s  o f  e s t ab l i :3 h e d  p l <.in t s  gro w i ng in the fi eld . Black­

c urrant sho o t s  w i  t l  fewer than 20 no d e s  fai l t o  ini t i at e  

flowers in sho rt-day s ( T inklin et  al . 197 0 ) , and a s i mi lar 

appar ent si z e  r e c u i r em ent i s  sh own b y the sho o t s  o f  the 

raspberry ( tv'i l l hLm s , 1 9 6 0 ) and t h e  bine s o f  the ho p ( Thomas 

and S chwab e 1 9 6 9 ) .  

In the ras p b e rry and b L :Lc k c u rran t , in re spon s e  t o  

induc t ive  c ond i t i on s , flow er i n i t iat ion first o ccurs in 

bud s at some po s i t i on b e l o 'vv t h e  t erminal sho o t  bud , and 

ini t i at i on t h en p ro c e l� d s  in b o th a d ownward s and upwards  

direc t i on to al l e x c e p t t h e  l o w e s t  f ew bud s ( Keep  19 6 1 , 
Tinkl in e t  al . 1 9 7 0 ) .  In t h e  kiw i fruit i f  the mo s t  basal 

bud s o f  a one y ear o l d  s h o o t grow out they are usually 

not fl oral , bu t s t rungly v e g e t at i v e . I n  the s e  plan t s i t  

i s  the s e  lower  bud s growing away in t h e  foll owing s eason 

that pro duc e a sh o o t  w i th a j uvenil e-like  c o nd i t i on , and 

thi s  patt ern s e em s  c harac t e ri s t i c  o f  phas e  change - the 

trans i t i on o c curs i n  the d i s t al part s of the branc h e s , and 

the bas al part s remain j uvenil e . Thi s phenomenon sugge s t ed 

t o  Ro binson and �l ar 8 i ng ( 1 969 ) that phas e change i s  so�e­

thing that o c curs in the  ext end ing meri s t emat i c  tip o f  

the sho o t , and n o t  t h e  who l e  o f  the s t em ,  and l ed them t o  

study the rol e  o f  the ap ex . They c onclud ed the at t ainment 

o f  a c ertain s i z e  i s  c o rrelat ed w i th o ther changes whi ch 

are mor e  dire c t ly re s ponsible  for  the  phase  change , and 

that in thi s ,  the  numb er o f  c ell divi sions unde rgone by 

the sho o t  api c al meri s tem i s  impo rtant . Henc e the meri s t em 
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app e ar e d  as an aut o no mous uni t i n  whi ch the pha s e  change 

ini t i al event o c c urre d , s ep e r� t e  from c o nd i t i ons w i thin 

the d i f f e rent i at e d  p art s o f  the  p l an t . There  app ears t o  

b e  int r i n s i c  d i ff e renc e s  b e tw e en the meri st emat i c  c el l s  

o f  t h e  api c e s  o f  j uv eni l e and adul t  sho o t s  ( War e ing and 

Frydman 1976 ) ,  and al s o  i n d i c ctt i on s t hat th e s i z e  and shape 

of th e apex may b e  i nv o l ved  in th e t rans i t i on to the mature 

c ond i t i on ( St e in and Fo s k e t 1 9 6 9 , 'rhomas and S c hwabe 1970 ) . 

G en e ral l y , gra f t i ne a j uv eni l e  s c i on on t o  an adul t t r e e  

do e s  no t h a s t e n t h e  maturat i o n  o f  th e sc i o n  - whi ch i s  t o  

b e  exp e c t ed i f  i t  i s  the  :ne r- L f: t em that i s  i mp o rt ant ( Hac ket t ,  

1976 ) .  How ph ase  c hunge c o me s ab o u t , o r  how t o  s p ec i fy 

i t  in t erms o f  eene ac t i vi t y i s  v e ry unc l e ar , and has b e en 

d i s cu s s ed by Sus s e x ( 1 976 ) who remind ed  u s  th a t two plant 

h o rmone s ( GA and J�. BA ) are c Dnd i d ::. t e s  as the ac t i vat o r s  o f  

t h e  gen e t i c  1 nech:...n i  s m . 

Ano t h e r  a s p e c t o f  j u v e n .i l i  t y  i s  t h a t i t s  d i s a­

ppearanc e o c c ur s f o l l o 1 J i n g  <:� p e r· i o d  a .:· cro v·J th wh i c h  has 

l e d  to  a pl ant s,}' s t e ,n o f  i n c r e <: t :j e d  s i z e  and c ompl exi ty , 

w i th progre s s i ve l y  l � ree r  d i s t �nc e s  o c c ur r i ng b e tw e en the 

gro w i ng s h o o t  m e r i s t e m s , un cl t h e  r o o t sys t em - and th i s i s  

cons i d e r e d  by Bo rc ll e rt ( 1 9 7 6 ) t o  b e  i mp o r t an t i n  e x plain­

ine the e ventual l o s s  of j u v e n i l e  charac t ers , and c au s ed 

him to  d o u bt t h a t  t h e r e  i s  o n e  un i fo rm j uveni l e  s t at e .  

i'l o r� ine m:::..i n l y  w i th i v y , . / :�.re ing and Fry dman ( 1 976 ) 

b e l i eve d the  j uv 0 n i l �  c o nd i t i o n i s  pro mo t e d and mai n t a i n e d  

by t h e  o c c urrenc e o f  r el at i v e ly hi�h l e v e l s  o f endo geno u s 
gibb e r e l l i ns i n  t h e  s h o o t ap i c e s , po s s i bly ari s ing from t h e  

prox i mi ty o f  t h e  sho o t a p i c e s  to  t h e  ro o t s .  Early w o rk � r s  

sugge s t e d  an invo l veLi e n t  o f  h o rmone s i n  s exual ma tur i t y i n  

pl ant s ( s e e  Iligazy 1 9 6 2 ) , u n d  i n  ivy t h e  j uv e n i l e  c ond i t i on 

has b e en r e lat e d  t o  G A  l e v e l  ( Frydman and �are i ng 1 97 J a , 

H e s s  1 9 6 4 ) .  The wo rk o f  Frydman and 'd are ing ( 1 97 Jb ) in­

d i c at ed t h e  ro :) t s  w e r e  i m p o r t an t  i n  p r o vi d ing t h e  h i gh 

api c al GA l ev e l s c:. s :J o c i a t c d  w i t h  th e j uveni l e  c o nd i t i on ,  and 

S c hwab e ( 1 9 7 6 ) al s o  b e l i e v e s sho o t  j u v eni l i t y  i s  l ink e d  t o  

r o o t  pro x imi t y and G A.- l i k e  fac t o r s  pro duc ed  there . 
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·.rh e  s t abi l i ty o f  ro o t e d c u t t ings o f  t h e  ad ul t plw. s e  o f  
i vy , i n  wb i ch t h e sho ot , _ , e ri s t em i s  v e ry c l o s e  t o  the r o o t s , 

i s  p r e sumably d.u e  t o  t h e  : : , ;_, t u r c, t i on chcnge s havi ng p e rm­

an e n t l y  a ff e c t e d  c e l l  ut c.; t [,_bo l i sr:.'l ::.nd ne ed no t c on f l i c t  

w i th th e hy po t h E: :::; i s  o f  , ; <-L r t; i n.� and Frydman ( 1976 ) .  

Th e :f i r s t ap � ; C: : : rc.,n e: e o f  :f l ov-; e r s  c anno t b e  t �: k en t o  
i nd i c at e v:h en t h e  j t1V 8ni l c: l) : t : � :; e  c:n d s  �, s t h e r e  may b e  an 

i n t e rv e n i ng p e r i o d  _ , f"t ,_: r :  �; o rn e  1 i.mi t c: t i on to i n i  t i at i. on 

s t i l l r em 3. in s . 'l' l d  ;_� ( <: r i o d  i , u �; b e t::r:. c al l e d  a t ran s i t i on 
p e r i o d  by � i · !l .k Li : : J J  ( 1 )'7 3 ) ,  < !. n cl  d u r i r:.c thi s p e r i o d only c::. 

sma l l  i n t e r f e: , · e t  .. c , ,  · . . i c �! , v l '  : �u : l : ·. r e s s i o n o f , pl unt gro w t h  

may b e  ad c r: u �_! t O  t ;_ j n . i :  .. . ; c  i' L o v. e r ing • 

• fo u n d  t l. :  t y o un : �  r:-· L n t 2  v e g e t at i v e l y -

pro pugat e d  t r o :u :i . t U l ' i' t r e: ·_ s  n o  no t ' f l ov: c r , c:md I h av t:: 

<.'.l r e ady u l l ud e d  t . .J t l : , ·  t L c ;·: c t .t rT;:. ,nt i n  ·Nh i c h a e r i al sh o o t s  

on m o. t u r e  p L . . n t �:; L .• i J , ::· r� r , . t i :n e � t o  i n i t i<' !. t e f l o·<·! e r bud s .  
Th e s e  o b s e rvat i o n �> p· .c: ,� ell t , s i t u<::, t i on vary s i.�ai l: J.r t o  
j uv e ni l i t y . l i O \\' '.:; ·.; c:;r · ,  6 i m: a ,: :c; . .  ; � : l ( 1 97 3 ) hus sugge s t e d su c h  
pl an t s/sho o t s  ::'.r e t e . t p o Ltr i l y  i n  t h e:  inviGo r a t e d  t r :··�n s i ­
t i o n s t ag e , : .nd \J . :  ;' 0 1� ...: U• ·� Y c : tn r e s pond t o  i nd u c t i v e  c o nd i ­
t i o n s , t h e y  �u �:; t  k�v c ; ';o n e  t l • :co ueh th e pro c e s s  o f  age i n g . 

fh i s  i s  t h e  l o s s  J f  v i �o u r  � s u a l l y  a s s o c i �t e d w i t h p l a n t  

d e v e l o  pm e n  t ,  ctnd ·;: � 1  i c h pro� �re S 3 i  v e ly fac i l i t a t e s  fl <Y:.' e r  

i ncluc t i o n - i t  d o e �> 1 1c: 1  t c :.:t u �; \2 ph :: . ::; e  c hange c hci.ng e s , bu t 
o c c u�s in  p .. :.ral l e l  . . i L h  t h c i:i ( o � :-, r c in� :..::>.nd F ry d man 1 '3 7 6 ) .  

Ro b i ns on :"nd 1 iar .:: in;.:; ( J <) u l) ) �:; h 8 vv e d  ho··;: f l o w e r i ng i n  ·:n 

adul t s e  i on tn < i.Y o l ; [ ; 1 ' <.:: v e n  L c d  i n  a vigo r o u s l y-grow ing 3 Y ;,; t e m , 

and age ing , n::> t pL <; l.! c \ ,  �.n f;<; , L:: r e .� u i r e d . A re due t i on i n  
sho o t  ero'r, t h  rat e 'i �� c ,Hli:J o n l y  c--t s s o c i ·:t t e d ·N i tl1 t h e  b ·C:: .7, i mu ng 

o f  f l o•n e r  ini t L tt i o � �  i n  . : o o d y  pl 2..n t s , i nc lud ing t h e  b l ac k­
c u rro.nt ( f i n k l i n  e t  �1 . l g ? J ) .  S ac h s  ( 19 7 7 ) p r o p o a e s  t hat 

a c ri t i c al p ;_.�.rt o f  t h e sho o t  ::�p i c a.l m e r i 3 t eut i s  r e l :t t i v e l y  

d e p r i v e d  o f  nu t r t e: r1 L s  d u r i ng v c t:; e t at i  v e  d ev e l o pment , ::md i t  

i s  only wh e n  .::m t w .:  r e  . .  s e d a v �L i l CLb i l i  t y  o f  a s s i mi l �1t e s  t o  

the m e r i f� t e m c en t r : · l  z o n e  o c c u r s , t tl�� t  f l o vv e r  i ni t i :J.t i o n  

c an  o c c ur .  'l' h i  s '-' f f .3 c  t may b o  s 8 en i n  b l <:. c x c urran t , wh e r e  

sho o t  gro w t h  ra t e  d ro p s , o.nd t h e n  rap i d  axi l l ary bud g r o w t h  
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and flower i n i t i at i o n o c c u r  ( N a s r  and V/areing 1 9 6 la ) . In 

add i t i on t o  such a nu t ri ent d i version t h e o ry o f  flow e ring 

i n  adul t plant s ,  Hac k e t t  ( 1 97b ) c oncluded i t  i s  al so l ik e­
ly t o be import an t in ac c ount ing for phas e  change . 

The bla c k c urran t pl an t was s e en t o  o ffer an o pp o rt u­

ni t y  t o  s tudy a j u v en i l e- l i k e  c ondi t ion , and l i k el y  t o  

pro vid e s ome i n f o rm a t i o n o n  t h e  w a y  in which  s i z e  c ould 

affect  the phy s i o l o g i c al p r o c e s s  o f  at t a i n i ng t h e  abi l i t y  

t o  f l o w e r  ( S c hw a b e and Al -d o o r i 197 3 ) .  When apical s o ft 

w o o d  c u t t i ngs o f  bl EJ. c k c urran t  a r e  ro o t e d and grown o n  t o  

var i ou s  s i z e s b e f o re r e c e i v i ng sh o rt -d ay t r e a t ment , only 

t h e l onge r  ro o t e d  s h o o t s i n i t i a t e  f l ow ers ( T inklin e t  a l . 

1 9 7 0� Al so w h en <::. s l l o o t  o r i g i n a t e s  n e ar gr�und level on 

e s t a bl i sh e d  b l ac k c u r rant pl an t ::; o r  from p l an t s  mown at 

ground l e v e l , t h a t s h o o t  v-li l l  no t i n i t i at e  f l o w e r  bud s i f  

i t  i s  b e l o w a min i mum si z e  - al tho ugh a short shoot  ari s­
ing from a po int h i gh i n  a bu sh w i l l  flower the  fo ll o wing 
year ( W i l k i n s o n  p e r s . c omm . ) . H en c e in th i s  plant , sh o o t s  

ari s i ng from e s t a b l b;l l e d b u s h e f; ,  o r  p l an t s  grown from ro ot­

ed  cuttings from o l d e r  s t o c k  p l m1 t s  fail t o  f l o w e r  f o l l o w­

ing induc t ive c o nd i t i o n s  wt t i l aft e r th ey have made a 

c e rt ain mini mum amo un t  o f  gro w th . ·rhi s  s i z e  e ff e c t  i s  

v e ry s i mi l ar t o  t h a t  o f  j uveni l i t y . Sinc e juveni lity  i s  

a t erm u s e d  t o  d e s c r l b e  t h e s t age dur i ng whi ch i t  i s  no t 

po s s i bl e  t o  induc e f l o vv e: r i ng i n  s e e d l i ng p l an t s , t h e  

c ond i t i on d e s c ri t e d  a b o v e  i n  t h e  b l a c kc urrant is be t t e r 
r e f e rr e d  t o  a s  a j u v en j l e- l i k e c o nd 1 t i o n .  

I n  a s i mj l ar w ay t o  w o rk on j uv en i l i ty already 

d i scus s ed , it was fo und t h L t  in c l onal l y - p ropaga t e d  b l ac k­
c urran t  m a t e r i al t h e  pro x i m i t y  o f  th e sh o o t  t i p  t o  t h e 

r o o t s  c ont ro l l e d w r. e t h e r  f l O\v e ri ng c o uld b e  induc e d , and 

t ha t  t h e  ro o t  e f f e c t c o u l d  b e  t rac e d t o  gi bberell in-l J k e 
ac t ivi t y c o mi ng f r o m  t h e  r o o t s  ( !:k hwabe and Al -do o r i 197 3 ) . 

::iuch an i n t e g ra t j on o f  t h e  sho o t s  and t h e  ro o t s  o f  

a plant i s  n o t unr e �1 s o na b l e , and i t  had been d emons t rat e d  
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in s e v e ral pl ant s thu t th e ro o t s  are impo r t ant in main­

t aining the l ev e l  o f  GA-l i k e  sub s t anc e s  in the sho o t  -

sub s t an c e s  whic h  are s trongly i nh i b i tory t o  flowering in 

many plnnt s .  Th e gi b b ere l l i n s  are c ons i d ered  t o  be  t h e  

main inhi b i t o r s  o f  fl ower induc t i on i n  fru i t  t r e e s  ( Luck­

w i l l  1 970 ) , exogenous GA3 prevent s flowering in matur e 

b l ackcurrant sho o t s  ( Sc hwabe and Al-doori 1 9 7 3 ) ,  and t h e  

gi b b e r e l l i ns are impo r t an t in  phas e chang e in  ivy ( Fryd­

man and �� are ing 1 97 3a ) . In c on tras t , in a number o f  

c oni f e r  s p e c i e s  the  gi b b e r e l l in s  w il l  induc e prec o c i ous  

fl o w 8 ring ( Phari s and H o s s  1 9 7 6 ) . 

R o o t-GA l ev e l s  d o  no t s e em to  o e  the only fac t o r  

af f e c t ing ini t i at i o n  u s  t h e j uveni l e- l ike c ond i t i on o f  

sho rt sho o t s  i s  no t removed by t r e atment w i th a growth 

r e t ard ant or l o s s  o f  t ll e �i J '  ro o t s ( Schwabe and Al-d o ori 

1 9 7 3 ) ,  and s imil arl y vv ar e ing and Frydman ( 1976 ) c onc lud e d  

that for phase c hang e l ow GA- l ev e l s  ar e n e c e s s ary but n o t  

suffi c i ent . Fu l f o rd ( 1 970 ) G ugge s t ed t hat in t h e  aut ono­

mou s  axi l l ary meri s t em the o n s e t  of the maturat i on pha s e  

d e p en d s  on t h e  bal�1n c e o f  end o g e nou s gibb ere l l ins and 

auxins . 

C l e arly tl1 e r c  a r e  s i rr i l ari t i e s  b e tw e en j uveni l i ty , 

and the juven i l e-- l i k e  c ond i t i on s t ud i ed by S c hwab e  and Al­

d o o ri ( 1 9 7 3 ) ,  al t h o ugh i t  h�s  not  b e en shown that they are 

i d ent i c al , and one c o u l d  enc 1 u i re whe t h e r  in t h e  l at t e r 

in s t anc e th e pro bl em  i s  u r . e  o f  1nv i go rat e d  trans i t i on-

phas e  gro w th and no t o n e  o f  j u v eni l i ty . I f  that i s  t h e  

c as e , then i t  i s  age i ng and no t maturat i on t h a t  i s  r e q ui r e d . 

Ful :fo rd ( 1 970 ) fo und fl )w er ing w a s  pre vent ed in t h e  l ow e r  

p art s o f  th e ntain l i rn b s  o f  o ff-y e ar appl e t re e s  b y  c o rre­

lative  inhi b i t i on b e t w e en v eg e t at i ve grow th and bud d evel­

o pment ; N a s r  and � are i ng ( 1 9 6 1 ) put f o rw ard the  i d e a that 

in c l onal ly-produ c ed b l ackcurrant , c o rrel ative inh i b i t i on 

prevent ed  fl o w e r  i n j  t i a t i on i n  t h e  e arly p art o f  t h e growth 

c yc l e . G en e ral l y  gra f t ing a j u veni l e  sc i on on to an adult 

t r e e  d o e s  no t affec t m u. turc. t i on o f  the s c i on ,  y e t  S chwab e 

and Al-d o o ri ( 1 97 3 ) found t h at such a graft combina t i on 
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wi t h  vege t at i ve ly-pro pagat ed ma t e r i al strongly promo t e d  

flowering . Thi s i s  s imilar t o  o b s ervat i on s  mad e w i th l arch 

( Ro b inson and Ware ing 1 9 6 9 ) ,  and one c ould similarly c o n­

c lude the graft- induc e d  change in the sho o t  syst em was one 

of ag e ing and no t maturat i on - i . e .  the sc i on neve r  was 

t ruly j uveni l e .  I t  should al s o  b e  no t ed that the wo rk 

showing a d e c r ea s ing gradi ent i n  GA-ac t ivity down a b l ac k­

currant s t em ( Sc hwabe and Al-d o o ri 1 9 7 3 ) ,  and u s e d  t o  sup­

p o rt a ro l e  f o r r o o t - GA ' s in maint aining the j uveni l e  s t at e , 

was no t done w i th plan t s  show ing the typi c al j uvenil e/ 

adul t pha s e  chang e . Such a grad i ent may be signi fi c ant 

for phas �-chang e  i f  it i s  al s o  found to o c cur in w o ody 

pl an t s grown from s e e d  and show ing the t ypi c al j uv eni l e/ 

adul t t ran s i t i on . 

Thu s a num b e r  o f  c o rrelat i ons h av e  b e en found w i th 

pha s e  c hange , and t h e y  have at t im e s  b e en c on s i d e r e d  t o  

r e fl e c t  c ausal r e lat i onsh i p s . H enc e th e c o rr e lat ed in­

c r e as e in phy s i o l o gi c al age , and age ing are no t now c on­

s i d e r e d  e s s ent i al , and inc r e a s ing plant s i z e  i t s e l f  i s  no t 

now s e en a s  i mp o r t ant . 

Th e pro pert i e s  o f  the sho o t  apex c ould be d e t e r­

mined by influenc e s  from more remo t e  p art s o f  the plant , 

and t h e r e  i s  evi d enc e o f  h o rmonal influenc e s  from the r o o t s  

maint aining the j uv enile s t at e . F o r  in s t anc e in black­

currant , failure t o  r e s pond t o  sho rt-day s  i s  due t o  the 

proximi t y  of the ro o t s  to the g rowing p o i nt s ,  and t h e  

o p e ra t i v e  ac t iv i t y  o f  the ro o t s  d e p e nd s  almo s t  ent i r ely on 

th e i r  gibbere l l in pro duc t i on ( S chwab e 1 9 76 ) ;  and in i vy 

ap i c al bud s o f  j uv e ni l e  sh o o t s  c o ntain high e r  gibb e re l l in 

l ev e l s  than adul t sho o t  t i p s  ( Frydman and W ar e i ng 1 9 7 3 a ) . 

Henc e high GA l ev e l s  in the sho o t  ap e x  app ear to b e  re­

q ui r e d  t o  maint ain the j uveni l e  c ond i t i o n ,  and wh en the G A  

l e v e l  fal l s  t h e  change t o  the adul t c an o c cur . 

But d i s t ant h o rmonal influenc e s  may no t b e  the only 

fac t o r  involved as ph a s e  c h ange ap p e a r s  to r e sul t in a mo r e  

s t abl e  adul t stat e than chang e s  i n  h o rmonal l evel would 
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s e e m  t o  all o w . W a r e i ng and l�'ry dman ( 1976 ) b e l i eve , o n  

g o o d  e v i d enc e ,  t hat ph ase  c h:...mge i s  ac c ompani e d by chang e s 

in t h e  me r i s t emat i c  c e l l s , s o  t h a t  t h e  adul t and j uveni l e  

me r i s t e mat i c  c e l l s  h av e  int rin s i c  d i f f e renc e s. and s tudy 

o f  th e ap e x  i t s e l f be c o me s i m p o rt ant . Onc e the s t abl e 

adul t c ond i t i o n  has ar i s en i t  i s  no t d i r e c t ly c ontro l l e d  

by pr evai l i ng G A  l ev el s , and h e nc e m e an i ngful change s  i n  

GA l ev e l  may b e  r e l a t i v e ly sho rt- l i v e d . 

Su s s ex ( 1 9 7 6 ) i nd i c a t e s  that at phas e c hange t h e r e  

mus t  b e  t h e  s e l e c t i v e ac t i va t i on o f  sp e c i fi c  gene s ,  whi c h  

n e e d  no t o c c ur s i mul t an e ously - f o r  i t  woul d b e  po s s i bl e 

f o r  a d ev e l o pment al l y- l i nked � e ri e s  o f  gene s t o  b e  c o­

o rd inat e l y  ac t i v a t e d . v� ar e i 1 1 g  ( 1 976 ) a l so i nd i c at e s  pha s e  

c hang e  may invo l v e d i f f e r e n c e s  in t h e  rat e o f  t ran s c ri p­

t i o n o f  s p e c i f i c Lj e n e s , and t h <..�, t some D NA s e q u enc e s  t rans­

c ri b e d  in t h e  adul t pha s e  are no t a c t i ve in the j uven i l e  

J? .. -ase . P l ant ho rmo n e s  c o ul d b e  th e ac t ivat o r s  o f  thi s 

g e n e 't;; i c  m e chani sm and s o  f�tc t u r 3 s uc h  as the env i ronme:n t ,  

plant s i z e , and d L; L m t  p l an t p�.r t s  c o u l d  af f e c t matura­

t i on .  ABA c c:.m  b l  o de � en .:: a c  L �r :. t i on , c::md t h e  gi b b e r c l l i ns 

whi c h  ho.ve ap p e :::tr c d  �> o i lil p o r t ::,_n t i n  r e l e:. t i on t o  j uveni l i  t y  

c an l e ad t o  t h e  i i J i L i . L t i o n  ') f  ;:;; er1 e  d.C t i v i t y ( Sus s e x  l 97 G ) . 
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EXP .ER I Mill� 'l! AL 

Thi s work was c arri e d  out at Wye C o l l ege , K ent , in 

the Uni t ed Kingdo m  in 1974/7 5 ,  mainly using the  black­

currant vari e ty W ell ington XXX whic h  has b e en intensiv e ly 

studi ed in rel at i on to  flower ini t iat i on . E s t abl i sh e d  

plc.nt s in the f i eld  were avai labl e , and they had b e en cut 

back c l o s e  t o  ground l evel in the previous w inter  t o  pro­

vide s trong sho o t  growth that typic ally d i s play s  the 

j uveni l e-like c ondi t i on .  A s  re quired , sho o t  t i p s  were 

harve s t ed from outdo or plan t s , o r  tho se  maintained unde r  
• 

c ont inuous l i ght in the gl assho us e , and ro o t ed under mi s t  

t o  pro vid e  pl an t  .11u t e r i al f o r  growing i n  p o t s in t h e  gl a s s­

hous e .  

Short-day treatment s were provided by c o vering the 

plant s w i th a doubl e l ay e r  of thi ck  black plas t i c , and 

flowering re spon s e  sub s e 0.u ently d e t ermine d  aft er  d e fo l i at ion 

st imulat ed the growth of t h e  lat eral bud s . Plant sampl e s  

w e re analy z e d  f o r  ac t i vi t y  o f  gibb erellin-like  sub s tanc e s ,  

by b i o a s s ay . 

Wh en sho o t s  o f  the c urrent s eason ' s wood were 

harv e s t e d  for analy s i s they  divided into four part s :  an 

api c al sampl e o f  3 c rn  s t em and i t s  l e ave s , and the balance  

o f  t h e  s t em t i s su e  which was  divided  int o t hr� e equal 

lengt h s . Field  s am pl e s  w e r e  first  c o llec t ed i n  mid June 

1974 , when each sho o t  had 16 - 21  vi sibl e int e rnode s .  

Ext rac t i on M e thod s  

Ini t i ally plan t  sampl e s  we�e  harv e s t ed i n  the mo rn-
. 

d . f t -1 5 °C 1.ng , an s eal ed i n  8. p Lls tic  bag 1 n  a d e e p  re e z e a 
I 

until w e i gh ed and s ampl e s  ground in an Ato m i s e r  w i th c o ld 

80% m e t h ano l , in wh i c h they were extrac t ed fo r 48 hours . 

Aft er removing t h e  me thano l and part i ti oning w i th petrol­

eum e th e r  ( at pH  8 ) , the  ac idified  ( pH 2 . 6 )  aqueous pha s e  
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was extrac t ed w i th e thyl ac e t at e . All solvent s were  re­

d i st ill ed  before  u s e .  

D e t ermina t i ons o f  GA-J ike ac tivi ty were  mad e using 

the basal stem  s e c t i on , a s  th i s  sampl e was exp ec t ed t o  

hav e  the  high e s t  ac t i vi ty ( Schwabe and Al-do o ri 1 97 3 ) . 

Puri f i c at i on by s o l v ent par t i t i oning and pape r  chromat o­

graphy ( Whatman No . 4 2 ) w i th i so pro panol-arrunonia-wat er  

( 1 0/l/4 ) d id no t r e sul t in any d e t ec t abl e ac t ivity in the  

GA3 po s i t i on ,  an d  at mo st  R f  po s i t i on s  there  was s evere  

i nhibi t i o n  o f  s e ed l inz ro o t  g-ro ·Nth in the  l e t tuc e hyp o c o tyl 

bio as s ay . Simi l arly v'Jh e n  th i s  s ampl e was purifi ed and 

chromatograph ed us i nG t h e  m e t h o d  o f  Schwabe and Al-do o ri 

( 197 3 ) there was mark e d  inh i b i t i on o f  hypo c o tyl growth . 

and the  l ow l evel o f GA-l i k e  ac t ivi ty that o c curred was at 

an e arly Hf . 

A s  the s e  e thyl ac e t at e  extrac t s  o f  wo ody t i s su e s  

w e r e  very i mpur e , f � r t h e r  pur i f i c at i on wi th PVP ( Polyclar 

AT ) was i n v e s t i ga t e d . l)V.P N a s  packed  int o a c olumn , and 

then the extrac t e l u t e d  through i t  w i t h pho s phat e buf f e r .  

However ,  the rec o v e ry o f  GA3 from the c o lumn was v e ry l ow 

unl e s s  the e luat e w a s  chroi!lat oeraphe d  before bioas s ay - a 
d i f fe renc e that w a s  ab s en t  i f  ac i d-wa sh ed PVP was used . 

H enc e , fo r  al l fur t h e r  w o rk t h e  Polyc lar AT was b o i l e d  for 

8 minut e s  in 1 0;� ll(; l , and v·: a s h e d  1 e l l  wi th glass  d i s t i ll ed 

wat er  ( Loomi s e t  a l . l 9 b 6 ) t o  r emove the fin e s  and all 

chlorid e ,  and sto red  i n  t h e  r e fri g e r at o r  in pho s phat e 

buffer .  When t h e  abo v e ac e tat e extrac t was pas s e d  through 

the PVP c o lumn be fore  chro ,nat o graphy and bi o a s s ay ,  the s t em­

base  s�mpl e was ac t i v e at the GA3 po s i tion . Henc e puri­

fication with PVP was u s e d  for all future sample s  as  i t  

w a s  e s s ential t o  the d emon s t rat i on o f  GA-like  ac t i vi ty ,  

and redu c ed the s everi ty o f  the damage to  the s e edling 

root s .  

When requi r ed , a slurry at ro om t emperature was 

s e t t l ed into a c o lumn 1 5  - l . 9cms , and the s ampl e appli e d  

t o  the  t o p  i n  2ml o f  buffer , and eluted  with 0 . 1  M pho s-
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phat e buff e r  pH 8 . 0 .  The c o lumn eluat e was ad j ust ed t o  pH 

2 . 5 and parti t i oned into e thyl ac etat e  whi ch was dri ed down 

for chromatography - for the  lat e r  sampl e s  d i ethyl ether 

replac ed e thyl ac e t at e . Chromato graphy was usually on a 

thin-lay e r  plat e o f  1Yierck s i l i c a  gel H ( 0 .  2 5mm )  that had 

been pre-run in the so lvent syst em u s ed . 

I t  was al so found that when the co lumn e luat e was 

coll e c t ed in two frac t i ons , mo r e  inhibitory substanc e s  

were pre s ent in the firs t frac t i on ( Fl )  0-:6 0 c c , than in 

F2 60-260c c .  ( Figs 48 , 49 ) .  All plant sampl e s  were 

separat ed int o the s e  two frac t i ons and bioassayed s e para­

t ely and indicated thi s  effe c t  - po s s ibly r e fl e c t ing the 

early elut ion o f  ABA from thi s type o f  column , and w i th 

only one exc ept i on any sign i fi c ant GA-like ac t i vi ty de­

t ec t e d  o c curred in F2 . The pre s enc e of  inhibi tory sub­

stanc e s  and pigment s in thi s s e c ond frac tion s t ill remain­

ed some thing o f  a probl em ,  and as chromatography on a thi� 

layer plat e with 8/1/1 EBM ( d i ethyl e ther-benz ene-methano l ) 

offered a part i al solution , i t  was used in all the main 

GA-determinat i ons . A c ompl e t ely sat i sfac tory s e parati on o f  

GA-ac t i vi ty and inhibi tors was no t achi eved by any o f  the 

following method s :  

( a )  two o ther chromatography solvent syst ems , ( di-i sopro­

pyl ether- ac e t i c  ac id 9 5/5 ; i so pro pano l - ammonia -

wat er 10/1/1 ) .  

( b )  elut ing the TLC with wat er b e fo re bio assay ( Eeuw en s  

1 9 7  3 ) . 
( c )  inc lud ing 5ppm kinet in in each bioassay s o lut i on . 

Changing the ini t i al sampl e puri ficat i on me thod 

gave some reduc t i on in the q uant i ty of inhibi t ory sub­

stanc e s ,  and using the mo d i fi ed extrac t i on me thod with 

different blackcurrant t i s sue s , followed by TLC with 8/1/1 

EBM, the inhibit ory substanc e s  ran v e ry clo s e  t o  the 

sO lvent front - at which po s i t ion they int erac t ed s t rongly 

wi th exogenous GA3 • The blac kcurrant gi bberellin ac t ivi ty 
occurred in the region of Rf 0 . 5  - 0 . 8  whe re any inhib i t o ry 

substanc e s  pre s ent had slight o r  nil int erac t i on with 
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Ex t rac t 80 - 1 2 0gm Fre sh ·u e ight 

i n  80/o MeOH 
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Reduc e t o  A qu e ous pha s e  

Add 25c c  O . lM P buf f e r  

F i l t e r  

Ao u e o u. s  pha s e  

pH 6 

3 x � d i e t hyl e t h e r  

Aqueous Eth e r  

pH 3 

4 x � d i e thyl e ther 

E t l  e r  

D ry 

Elut e thro ugh P VP c o l umn .  

Part i t i on e t hyl ac e t a t e  ( pH 2 . 5 )  

Dry . Thin- l ay e r  chroma t o graphy w i th 8/1/1 EBM . 

B i o a s s ay F l  F2 s e parat ely , i n  dup l i c at e .  

F ig .  44 Puri f i c at i on o f  b l ac kcurrant t i s su e  f o r  

gi bb e r e l l i n  d e t e rm inat i on .  
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exogenous GA3 • The purific at ion methods u s ed for the plant 

ti s sue s are shovm in Fig . 44 , and are bas e d  on  the method 

o f  Goldschmid t  and Mons el i s e  ( 1968 ) .  

When 5pg GA3 was elut ed through a PVP c o lumn, and 

various e luate frac t i ons bioass ay ed aft er parti t ioning into 

e thyl ac etat e ,  ac t i vi ty was d et e c t ed only in the first 60cc  

aft er adding the  sampl e - no act ivi ty was pre s ent i n  t h e  

next 1 50c c . Sub s e q uently s t em t i ssue with exogenous 

gibberellins was extrac ted  and b i o as sayed following the 

usual proc edure . I t  was found thc:tt  the great e r  proport i on 

of the  GA3 and inhibi t o ry su bstanc e s  recovered was in Fl 

i . e . the first 60cc  o f  eluQt e ,  and GA
417 was mainly in the 

next 200cc ( F2 )  Fig . 4 5 ) .  
· 

In all case s unl e s s  s t n t e d , the  resul t s  refer t o  

Frac t i on 2 ( F2 )  from the l'VP column , i t  having b e en found 

in each case  that Fl was inac t ive  in the b i o a s s ay for 

gibberellin-like sub s t anc e s .  

Bi o assay 

Aft er drying , t h e  plat e was divided  int o  t en strips 

whi ch were scrap ed into plas tic  Repli-dishe s for  bio a s s ay­

ing ind ividually using the l ettuce  hypoco t yl bioassay 

( Frankland and W ar e i ng 1960 ) .  To each was add ed 0 . 6c c  

di still ed water o r  GA3 st andard , and eight germinat ed 

"Arct i c  King " l e t tuc e seed s .  

They were incubat ed with hi gh humidity under fluo­

resc ent ligh t s  at 2 2
°

C for about four days when the l ength 

o f  the hypo c o tyl was measured . S ignificanc e l evels were 

again c alculat ed b y  the method of  Link and Wall ac e ( 19 5 2 ) ,  

and are shown on the hi stograms . 
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Re sul t s : 

( a )  ' Adul t ' Pl ant s 

( i ) Out d o o r  Pl an t s  

'fh e  c urrent � ; e u. s on ' s �..;ho o t s  o f  s eve r ely- prun e d  

.V e l l i ngton .XXX w e r e  l l c.rv e s  t e d o n  ll/6/7 4 and 1 0/7/7 4 .  A t  

t h i s t i me harv e s t e d sh o o t s h ad 16 - 21 and 2 2  - 25  no d e s 

r e s p e c t i vely , und v; ll en bud b u r s t  was indu c e d in t h e  gl a s s ­

ho u s e , i t  w a s  shown n o  f l 0 '11 e r s  he::.d b e en i ni t i a t e d  a t  th e 

l at t e r har v e s t d at e . 

Bi o as s ay r e s u l t s  w i L h  t w o  d i ff e r ent s o l vent s y s t ems 

s h o w e d  t h e lH' c s e n c e o r  GA- U k c �tc t i vi t y  i n  all p8.rt s  o f  th e 

s t e m ,  •:1 i t �1 a gr· < J j ,� t < t J'r . > m  t ! 1 8  h i {"Lc �; t c onc en t rat i on i n  t h e  

basal 3 37� l engtl1  t u  t l l c l o  . .  • e s t c o n c e n t r c� t l on i n t h e  upp e r  

one-third 1 e ne t h  ( 1•' i g .  .] LJ .  ) • 

U s uCtl l y  no · . c.: t i  v i  L ,y  v,; c_, : ;  f o und i n  t h e  up p e r  3 c m  s t em 

and i t s ::.qJ i. c al l e o.v c s  \ ill cn h .. , rv e s  t e d in J une o r  Jul y , n o r  
i n  mature , ful ly - e; x p antl ed l<l i d - �;ho o t l e; <:,v e s  i n  July . In 

one s ampl e t � 1 e r e  , , n ;:_;  a ::> i !;d l : t r  v e ry low l e v e l  of ac t i v i ty 

in e ach t y p e  o f  l e 2 f . 

On t h e  1 0  ,J u l y c u rr e n t : > c a s on ' s sh o o t  t i s s u e  was 

c o l l e c t ed from c s t �.t b l  i shed J' rt t i  t i ng b u s h e s  o n  a n e ar by 

fru i t  farm . S t r o n g  sh o o t s  vJ i t h  a b o u t  2 0  no d e s , and 
o ri ginat i ng ne ar t h �:: b a s e o f  t h e  pLtn t s w e r e s e l e c t e d , and 
t h e  u p p e r  and lower  o n e- t h i rd ' s u s e d  f o r  anal y s i s .  I t  was 

f o und the GA- l i k e  a c t i v i t y  was almo s t  t h e  s ame in b o th 

par t s o f  th e s e  sh o o t s ( Fig . 4 7 ) ,  t h e  grad i ent hav i ng almo st  

d i sappeared due t o  t h e  r e l a t i v e ly h i gh ac t i v i t y  in t h e  

u p p e r  part o f  t h e  s h o o t . Al t h o ugh i t  was no t d e t e rmi n e d , 

i t  was e xp e c t e d  t h e s e  sho o t s  w e r e  o f  a s i z e  that would 

p e rmi t t h em to b e c o m e f l o ral in s p i t e  of t h e i r  basal o rigin 

( W i lk i n s on p e r .  c o mm . ) • 
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( i i )  Gl as sho us e  Pl an t s 

St em s ampl e s  w e r e  harv e s t e d in t h e  u sual mann e r  

from W e l l ingt on XXX p l an t s  gr o wn from t i p  cut t ing s , and 

gro wn in po t s as s ingl e- s t e m  pl ant s in t h e  gl as shou s e . 

N at ur al d ayl i ght w a s  suppl ement e d  by 6 0w tung s t en l i ght s 

overnight , and mat e r i al w a s  harve s t ed o n  3 N o v emb er wh en 

it h ad 2 3 - 30 no d e s . 

T h e  h i s t o gre.ra s in F i g . 48 shov·; th e d e c r e a s ing c on­

c en t r e. t i on o f  GA-lik e <:.c t i  vi ty in the s t e m as i t  i s  
· s amp l e d furt h e r  f rom t h e  ro o t  s y s t em , and t h e  h i gh l ev e l  

o f  a c t i vi ty c ompa r e d  \'> i th f i e l d.-t;rovm pl c=mt s . Fur t h e r  

mo r e , t h i s was t h e  o n l y  s arnp1 e i n whi ch Fl ( ex PVP ) c on­

t ai n e d  s i gn i f i c a.nt ac t ivi t y - wh i ch app e ar e d c;ual i tat i v e ly 
• 

diffe rent t o  th e t: su.:- .1 b1. c:·.c �<.c u rTant gi bb e r e l l i n . Thi s  

l at t e r e f f e c t  may r e �ul t from t h e  i nad e q uat e s e parat i on o f  

i nhi b i t o r  and gibb e r e l l i n , al th ough i n  an e arl i er t e s t an 

i nt e r ac t i on d i d  no t o c cur o v e r  such a l arge part o f  t h e  
c hromat o gram . 

( b )  ' Juv enil e '  P l an t s  
Plan t s s imi l E.rly gro•nn i n  th e glas shous e w e r e  

harve s t e d  when th e y  h ad 8 - 1? no d e s ,  t o  giv e a s ingl e s t em 

s amp l e  - the s e  pl CJ.n t s  w e r e  f o tmd no t t o  ini t i a t e  fl ow e r s  

wh en gi v en a G w e e k  : ; L o r t -d ay t r e atm en t . O n e  b<>..tch o f  th e s e  

pl an t s w a s  gro vm i n  ' Du r i  -: e: ' i n  o rd er t he;. t ro o t  s �npl e s  

c ould e a s i l y be  o b t �ti ned . 

.Anal y s i s s h o v: e d  t hat s ub s t anc e s  i nhi b i t o ry in t h e  

b i o a s s ay w e r e  p r e s en t , cU1.d s i gni f i c a.nt GA- l i k e  ac t i vi t y  

w a �  d e t e c t e d in s om e  s ampl e s  o f  st ems and ro o t s ,  but 

ac t i vi ty w as c�b s en t  from t he cr. �]i c al l e av e s  ru1d o ld e r 

l e av e s ( Fi g .  49 ) .  3 i gn i f i c 8.11 t GA- l i k e  ac t i vi t y  was d e ­
t e � t e d in s ampl e s  hc: trv e s t ed on 18 . June 2..nd 1 8  July but no t 

3 1  Jul y ,  but t h e  l e v e l o f  ac t i vi t y was l ow b e i ng o f  th e 

same o rd e r  a s  th� t fo twd i n  t h e  upp e r  o n e - t h i r d  o f  adul t 

s t ems o f  t h e  s am e  vc.rj_ e t:y . 



IO 

6 

-

m 
- 2  

.s::: .p � s::: <I> r-f 

r-t i O 
::-, .p 
0 0 
0 
� � 6 

2 

St em FI Ix 3 5gm . 

Harvest 3I July 

Stem FI+ 2 Ix 39gm . 

Harvest I8 June . 

Rf 

Stem F2 2x 3 5gm. 

Harvest 3I July 

Rf 

Root FI+2 Ix 90gm .  

Harve st 3I  July 

a - - -- -- --

Stem F2 2x I7gm.  

Harvest 18 July 

FIG .  49 . HISTOGRAMS OF 
GA- LIKE SUBSTANCES IN 

JUVENILE- LIKE SfEM AND 

ROOT S  WELLINGTON XXX e 
Harvest and reps as shown . 

Control level 

- - - signifi c anc e  P 0 . 0 5 



2 2 5 .  

( c ) B�ldwin S e e d l ines 

In c on t rast t o  the v eg e t ut ively-pro pagat ed mat e r i al 

u s e �  i n  the above  wo rk , s im i l ar analys e s  were al so c arri e d  

o u t  on s e e dl ings o f  the  vari e t y  Baldwin . S e ed was ge rmin­

a t ed and the s e edl inr;s grown in c ontainers o f  " Eff"  po t t ing 

c ompo st in the gl as shous e ,  und e r  c ontinuous l i ght . They 

were  s e parat ed into  three  s i m i l ar group s ,  and e ach was  

harv e s t ed o ver 3 - 4 dat e s  when the  plan t s r e ached the 

d e s i r e d  s i z e .  Plan t s  typi c c.l of e ach group were  al so 

giv en a 5 w e ek sho rt-d c.::,y t r e a tment , f o l l owed by d e fo l i at i on., 

t o  a s s e s s  i t s  phy s i o l o gi c al s t at e aft e r  almo s t  every bud 

was  induc e d  to bur s t : 

Pl ant ·rype No . Mean !'.le an No . Flowe ring 
H t  ( ems ) Int erno d e s  Re spon s e  

Juveni l e  3 6  40 . 5  1 6 . 6  N i l  

Int ermed i a t e 3 1  79 . 8 ?.6 . b  Nil 

Adul t 3 2  11 5 . 0  38 . 0 5 plan "'V s 

Dupl i c a t e  t e s t s  o f  a l l  purt s o f  the s t ems o f  the s e  

plant s a t  the thr e e  s t c;.ge s  o f  d evelopmen t fail e d  t o  show 

mo r e  than a t rac e o f  GA-l i k e  � Lc t i  vi ty ( Fi g .  50 ) ,  exc e pt 

f o r  a t rac e o f  ac t i v i ty in ma ture l e av e s  fro m  the  ' adul t ' 

plant s .  S i gni fic ant ac t ivity was pre s ent in ro o t  extrac t s  

p r e pared from th e ' ad ul t ' s e e dl ings - o ther Baldwin s ampl e s  

w e r e  no t analyzed . Ro o t  extrac t ac t i vi ty again o c curred as  

two d i stinc t  p eak s , an d  at a sl i ehtly h i gh e r  c onc entrat i o n  

than i n  the  ro o t s  o f er j uveni l e
" 

gl a s shou s e-grown Well ingt on 

XXX plant s .  
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U L.lC U :.S ::.> I UN 

Gi b b e r e l l i n- l i k e  ;:;.c t i vi t y was found in t i s su e  

e x t rac t s , par t i c ul ar l y  o f  s t em t i s su e , but thi s w a s  o nl y  

po s s i b l e  vd th a gr e a t e r d e �r e e o f  pur i f i c at i o n  than that 

u s e d  by S c hwab e Gnd Al- d o o ri ( 19 7 3 ) . The p r e s enc e o f  i n­

h i b i t o ry sub s t anc e s , phy t o t o x i c  in t h e  b i o a s s ay ,  app e ar e d  

t o  b e  a f ar gr e at e r  p ro bl em , al t h o ugh i t  i s  b e l i e v e d  t h e i r  

e f f e c t  o n  t h e  r e sul t s  vms m i n i Eti z e d by t h e  t e c hnique s u s e d . 

How e v e r , i t  rnu. s t  b e  �,gr e e d  t h ey c o uld hc:"v e had some e f f e c t  

on t h e  b i o a s s ay r e su l t s . 

� Vi  th t h <:- e x c e p t i on o f  t h e  o n e  sampl e that c o n t a i n e d  

unusual ly h i eh GA-l i k t:  c1.c t i  v j  i�J' , t h e  b l 2.c k c urran t  gibbere­

l l in c ame o f f  t h e  .P V i' c o  1 urnn o n l y  i n  th e s e c ond frac t i on .  

By c o mpari son w i t h ei b b e r e l l in s t &nd ard s the end o g enous-

GA b e h av e d  mo re l i k e  3. GA
4 + 7 

mi x tur e t han GA3 wh i ch w a s  

e lu t e d  mai nl y i n  t h e  f i r s t  frac t i o n . In a nwnb e r  o f  e x­

t rac t i on s  o f  s t em and ro ..., L , b o th j uveni l e  <:md adul t , t h e  

b i o a s s ay c l e arl y d i s t i n gu i s h e d  b e tw e en two z o n e s  o f  

ac t i v i t y , the fast er- running o n e  b e ing the gr e at e r . 'l'h e  

slow- runn i ng p e o.k sh o w s  s i m i l ar c hromat o graphi c  behavi our 

t o  GA1 , GA3 , and th e o th e r  i s  a s  f o r  GA ' s  4 ,  7 ,  9 ( Ee uw en s  

197 3 ) . Thi s s ueee s t s  t h e  g i bb e r e l l in s  pre s ent in t h e  s t em 

c ould have b e en L ran s t:· o r t  e d  t h e r e  from the r o o t s ,  as 

sugge s t ed by S c hw ab e  r·nd Al-do ori ( 197 3 ) , and may ind i c at e  

there has b e en no ma j o r c h::;.ng e in t h e  t yp e s  o f  gibberell ins 

i n  t h e  chang e from ' j uven i l e ' to adul t - as in the ivy , 

wh ere Frydman and jV a re ing ( 1 9 7 3 a ) sugge s t e d  t h e  s ame o r  

simi l ar GA-l i k e  subs t 2.nc e s o c curre d  in adul t and j uv e ni l e  

t i s s u e . N o  ac c u r n. t e  r· uant i t a t i  v e  e s t imat i on o f  end o g enous 

GA was mad e  a s  th e l e v e l s  d e t e c t e d  show ed s o me vari at i on 

from e x t rc:tc t t o  ex t rac t , and l e v e l s w e r e  t o o  l o w  f o r  the 

pre para t i o n  o f  a do s e - r e spons e curve . 

'l' o t al GA- l i k t:  C.tc t i  v i  t y  in b a s al ' adul t ' s t em mat e r i al 

was e q ui va l ent t o  2 . u - J O ;ug GA3/Kg fre sh w e ight , and 
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l ower  in the up p e r p art by a fac tor  o f  about eight - with 

an int ermediat e  value in the mi ddl e one- third of  the s t em .  

By c ontras t , in a s i ngl e t e s t  o f  similar s t em t i ssue t ak en 

from frui t i ng bu sh e s , a s i m i L1.r l evel o f  rrc t i  vi t y  was 

f ound in the t o p  and -n_ e ba s e  of the sho o t s . Whi l e  i t  

was expec t ed b o th t y p e s o f  ti s su e r e s po nd ed i n  the s am e  

way t o  induc t iv e  c ond i t i ons , they d i f f ered in the d i stri­

but i on o f  GA- l i k e  a c t i v i t y . Us ing elas shous e-grown ' adul t ' 

mat erial , ac t i v i ty o f  2 2 pg/Kg was found in the sho o t  bas e , 

and in ' j uv e ni l e ' p l ; cn t s , l ev e l s o f  up t o  about 0 .  5 pg/Kg 

in b o th t h e  s t e m  und r o o t s .  

In l one� s h o ) t s  frum h e :_t v i ly- p_cu__Yl e d  b u sh e s h:::trv e s t ed 

i n  J une/July i . e .  i :;J.J,i ;:; d L:.t e ly pre c ed i ng fl 0 1'1 e r induc t i on , 

GA-like  ;_-:.c t i v i  ty i /  : : · c o n s i �; t e :·1 t ly h i gh e r  neCLr e r  the  s t em 
b a s e - as al r e ady r � c o r d 0 d  by J c hw ab e  and Al- do o ri ( 1 9 7 3 ) 

Ac t ivi ty wc.w [�r e<-1 .  t e r  i n  1n�. t cr i al grown und er gre enhou s e  
c ond i t i on s . I n  s u c h  l one sho o t 3 , short -d ay tr eat 1:1ent 

c aused  fl owers  t o  d ev e l o p  i n  t h e  up �er f i v e lateral bud s 

in b o t h  d e l l ingt on .LX.A. and Bal dw in - in c on trast  t o  the 
e vi d enc e that i n  t h e  fo rme r , i n i t i at i on b e gins n ear the 

20th bud b 8 l o v1 t h e  t i p  ( 'l1 inkl in e t  al . 1 970 ) .  Henc e the  

resul t s  appear t o  su 0 v o rt t h e  p ro po s i t i on that a bud ' s  near­

ne s s  t o  th e ro o t s  and the h i gh e r  gibb e re ll in c onc ent rati ons 

there d i s c ourag e s f l o w e r  i n i t i a ti on , and that thi s 

ex pl ains the  mini mu:n- s i z e  r e o ui rernent for the  end o f  j uv­

eni l i ty . � imi l arl y , i t  i s  no t surpri s ing that whil e  in 
a s ingl e - sho o t pl ant at l east  1 2  no d e s must  be pre s ent  in 

order  for it to b e  i nd u c ed to flow e r , in a frui t ing bush 

sho o t s  o f  8 - ll no d e s that o r i ginat e high in the bush well 

away from the ro o t  syst em , produc e flowers at almo s t  every 

nod e .  However , f l o w e ring in the l at t e r  sho o t  may s imply 

refl e c t  i t s  o r i g i n s  from a mature adult meri s t em .  

The high GA-like  ac t i vity  in th e upper  part s o f  l ong 

sho o t s  f rom no rr:1al f rui t - b e ar ing bush e s may sugge s t  a 

gre atly d imini shed u pward mo v e n ent o f  root-GA ' s i s  no t 
c ri t i c al fo r th e m�J L uration  type  o f  change t o  the ' e.dul t '  

fo rm in t h i s  juv e n i l i ty- l i k e  b ehavi our o f  bl ackcur!9ant . 
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Al t ernat i v e l y  sho o t s  on fru i t ing bu sh e s  do no t exhi b i t 

t h e  s ame minimum nod e numb e r  r e qui rem ent o f  h e av i ly­

prun e d  bush e s  - th i s  p o int h a s  n o t b e en r e s o lv e d . 

How ev e r , sho r t  j uv en i l e - l i k e  sho o t s  and t h e i r  ro o t s  

w e r e  f ound t o  h av e  l o .-. GA-l i k 8  , t c t i  v i  ty - s imi l ar t o  that 

in t h e  t o p  o f  ' adul t ' sho o t s . Thi s i s  in mark ed c o ntras t 

t o  t h e  r e sul t s  o f  ::l c hwabe and Al- d o o r i  ( 1973 ) ,  and d o e s  

no t i nd i c at e  a l i k e l y  rol e o f  h i gh ro o t  and s t em GA l ev e l s  

c au s i ng the j uveni l e- l i k e  b e h av i our o f' short s ho o t s .  'rh e  

inh i b i t o ry sub s t an c e s  p r 2 s E m t  i n  all t h e  plant ext rac t s  

w e r e  found t o  an t ago n i s e  th e e f f e c t  o f  gibb e r e l l in in t h e  

b i o as s ay , cmd t h e y  c o uld t h en r e d.uc e the appar ent G A  

ac t i v i t y  i n  t h e  s amp l e . 1 /hi l e  th i s  e f f e c t  c ould m e an th e 

GA ac t i v i t y  o f  t h e  juveni l e  plan t  s a�pl e s  was gro s s ly 

und e r e s t i ma t e d , i t  i s  b <:: l i e v e d  t h e  i nhi b i t o r  e f f e c t  was 

no t s o  mark e d . 'rh i  s i � >  b e c au s e  mo s t  of the i nh i b i t o r s  

w e r e  r e mo ved in Frac t i o n  1 o f f  t h e  PVP c o lumn ( and bl ack­

c urrant-g ibb e r e l l i n  r �r e l y  o c curr e d  i n  Fl ) , the chromat o ­

gram s o l v ent gav e  r e a s o nabl e s e parat i on o f  i nh i b i t o r  and 

g i b b e r e l l i n- l i k e  ; cc t i vi ty , �m d in t h e  reei on o f  t h e  b l ac k­

currant g i bb e r e l l i n and GA3 on t h e  chroma t o gram t h e r e  was 

onl y  a s l i ght in t c rac t i on w i t h inhi b i t o r s i n  t h e  pbmt 

e x t rac t . S o  i t  i s  c o n s i d e r e d t h e  b i o a s s ay r e sul t s  give a 

r e a s o nabl e ind i c a t i on o f  t h e  l e v e l  o f  GA- l i k e  ac t j vi t y  

pre s ent in t h e  var i o u s  pl��t t i s s u e s . Th e ab s enc e o f  

l e af and a.p i c al G A  <:t C t i vi t y , :::..nd t h e  s im i l ari t y  o f  t h e  

c hr o ma t o graph i c  b e h c� v i o ur o f  t l1 e  s t em and ro o t  GA ' s  sugge s t s  

t h e  s t em ac t i vi t y c o ul d  have o r i gin� t e d  i n  t h e  ro o t  sy s t em . 

In the bl ac kc urr an t , t h e  ' j uv eni l i t y ' o f  short sho o t s  

i s  n o t  r e m o v e d  by C G C  o r  l.BA t r e at m ent , or l o s s  o f  the i r  

r o o t s  ( Al - d o o r i  1 9 7 � ) ,  whi c h c o ul d a l s o  sugg e s t  that ro o t ­

GA l ev e l  i s  no t a m�t j o r fuc t o r  a.ff e c t i ng in i t i at i o n  i n  t h e s e  

s ho o t s .  I t  i s , th er e f o r e , v e ry p o s s i b l e that i n  thi s p l an t  

sy s t em ,  l ow G A  l e ve l s  a r e  n e c e s s ary but no t suffi c i en t  f o r  

t h e  abi l i t y t o  f l ow e r , whi c h  i s  t h e  general v i ew o f  pha s e  

c h anee o f  W ar e ine an d fi' ry dm::m ( 1976 ) i . e . t h e r e  i s  far mo r e  
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t o  at t aining t h e  abi l i ty t o  i n i t i at e flowers , than s i mply 

a r e duc t i on i n  GA c onc ent rat i on i n  t h e  s t em t i p .  The 

growth ho rmo ne s t ud i e s  mad e h e r e  i nvo l v e d  the d e t ermina­

t i on o f  p o o l  s i z e , but o th e r  ho nnone s tudi e s  may h av e  

b e en mo re m e ani ngful s i nc e po o l  si z e  i s  o ft en p o o rl y  

c o rr e l at e d  w i th a s p e c i fi c  phy s i o l ogi c al pro c e s s .  A 

c l e ar e r  explana t i on o f  the e f f e c t  o f  l e af and ro o t-GAs on 

f l o w e r  ini t i at i on would und oub t e dly r e sul t from studi e s  

o n  GA me t ab o l i sm ,  and t i s s ue s e n s i t ivi t y , s inc e t h e y  ar e 

so importru1. t  in und e r s t and ing h o rmone e f fe c t s  ( D enni s  1977 ) .  

The r e su l t s  o b t ained w i th Bal dw i n  s e e dl ings o f  

d i f f e rent age s , w i th n e gl i gibl e GA l ev e l s at all s t ag e s  

al s o  sug� e s t s  th e ina c c uracy o f  c l aim ing low GA- l i k e  

ac t i v i t y  a s  t h e  c �u s e  o f  gai n i ng t h e  ab i l i ty t o  f l ow e r .  

B e c au s e  t h e s e  p l un t s  exh i b i t ed t rue j uv eni l i t y , t h e i r  

c ontras t ing r e sul t s  i s  s t rong e vi d enc e that the wo rk by 

S c hwab e  and Al- d o o r i  ( 1 97 3 )  w i t h  v e g e t a t i ve ly-pro p aga t e d 

p l an t s  c ann o t  b e t ak en a s  a r e l i abl e gui d e  t o  the m e c h an­

i sm of phc.:.s e ch anc e . '.!!hi s malc e s  t h e  flowering r e s pon s e  o f  

v e g e t at ive ly- pro pagc:. t ed plr.:.n t s  a pro bl em d i f f e rent fro m  

that o f  j uv e ni l i t y , as c l ai m e d  b y  Zimmerman ( 1973 ) .  
Furth e r  support f o r  t h i s  c o m e s from th e c onc lusion o f  

S c hwab e and Al-d o o r i  ( 197 3 ) that the ' j uvenil e-l ik e ' c ond i­

t i on i s  no t an i nh e r en t  pro p e r t y  o f  the bud o r  sho o t ; 

wh e r e a s  i n  t rue j uv e n i l i t y  i t  apparently i s , pha s e  change 

o c curring in the c>.p e x  and h en c e f l ow e ring in t h e  l a t e r  

l a t e ral bud s ( Ho b i n s on and \/ar e ing 196 9 ) . 

Ful f o rd ( 1 970 ) has c o n s i d e r e d  t h e  impo r t anc e o f  

c o rrelat i v e  inhi b i t i on i n  prev ent i ng flower ini t i at i on , 

and s tr e s s e d  th e l i k e ly impo rt anc e o f  h i gh auxin ac t i vi t y  

i n  d e l aying bud maturat i on . N ar e i ng ( 1 9 59 ) d i scus s e d  the 

import anc e of a l o s s  of v i gour b e f o r e  a plant r e s pond s t o  

induc tive  c o nd i t i on s . I n  E m  i nvi go rat ed growth s t ate 
drastic  chang e s  in growth mus t prec ede flower ini t iat ion , 

and in th e bl ac kc urran t  i t  i o  o nl y  af l; e r sh o o t  growth rat e 

drops  that f l o w e r  i n i t i at i on b e gi n s  and a period o f  rapid 

growth o f  axi l l ary bud s o c cur s ( Nasr and War e ing 196la ) . 
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Henc e r e l e a s e  :from c o rrela t i v e  inhi b i t i on app e ars im­

p o rt ant t o  p e rm i t  bud s t o  ini t L-.t t e  flow e r s , and c ould w e ll 

b e  a ma j o r fac t o r  i n  the e v entual re s p o n s e  t o  induc t i v e  

c ond i t i on s  o f  veg e t a t i v c ly- pro pagat e d  p l ant s .  W ard e l l  

( 1976 ) sugg e s t e d t h � t  c hange s i n  aux i n  l evel in sho o t  

api c e s  might produc e quant i t at i v e  sh i ft s  in DNA whi ch then 

c h ang e d  the d e ve l o pm e n t al c ap ab i l i t i e s  o f  th e sho o t  api c e s .  

Henc e i nc r e u s e d  aux i n  l ev e l s  woul d  r e du c e th e t endency 

t o  f l ow e r , and d e c re as i ng aux in '.' :'oul d  inc r e a s e  t h e  t end ency 

to  flower and reduc e vege t at i ve growth . In s tudying thi s 

n o n- j uveni l e  c ond i t i o n , p e rhc:.:p s  the ro l e  o f  t h e  ap ex and 

c o rr e l a t i v e  i nhi b i t i o n shoul d  r e c e iv e  no l e s s  at t ent i o n  

than th e n e arn e s s  o f  the r o o t  sy s t em , and t h e  g i b b e r e l l ins 

p r o du c e d  th e r e . 
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F I NAL D l �C U S S I ON 

In many p l ant s c ont rol o ve r  s t em growt h  or plant 

deve l o pment i s d e s i r abl e ,  and t h i s i s  al so  t rue of the 

vigorous k i w i fru i t v i n e . But i n  o rd e r  to  consider  al t e r­

nat i ve me t ho d s  o f  g r o w t h  c o n t r o l  i t  i s  nec es s ary t o  und er­

stand the m e c hani sm o f  gro w th c ontro l  w i thin the pl ant , 

and the  w ay i n  wh i c h e x t e rnal f a c t o r s  modify growth and 

devel o pment . 

A s t udy o f  t h e  l i t e ra t u r e  indicat e s  t hat the l e av e s ,  

growth r e gul <:tt o r s , c ar b o h y d ra t e s ,  and the roo t s  are all 

invo lved in t h e  c o ntrol of growth , al though there i s  s ome 

unc ertainty ab o u t  t b e ac tual ro l e  o f  each , and the various  

int er relat i onshi p s  that might exi st . 

Thi s  s tudy c onsider e d n e i ther the  involvement o f  

growth regulators  i n  t he produc t i on o f  determinate as 

d i s t inc t from ind e t ermina t e  sho o t s  - the pro portions o f  

whi ch vary wi th t h e  c l one , no r the i r  invo lvement in  apic al 

bud abo r t i on - a c har ac t e ri s t i c  o f  kiwi frui t shoo t  gro wth . 

There i s  evidenc e the  gibb erellins  may be  involved in 

the s e  phenomena in p l �n t s , and in thi s s tudy the gibb e r­

ellins w ere found to  be ac t iv e  in the control o f  s t em 

elongati on .  

The func t i on o f  gro wth regulators , e spec i ally the 

gibberellins appears to be int imat ely asso c i at ed wi th the 

d i stribut i on and u t il i sat i on of c arbohydrat e s . For i n­

atanc e i t  was found ( a ) st em growth was dire c tly relat ed 

to  s t em cutting s i z e , and that thi s growth re sult ed  in 

about a 50% reduc t i on in the s t arch r e s erv e s . 

( b ) growth s timulat i on by GA was 

asso c i at ed wi th a re-d i s t ri but i on of c arbohydrate , and that 

aft er a c ertain l evel  o f  growth the re sponse  ceased . 

( c ) a l eaf had i t s  great e s t  e ff e c t  o n  
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int ernode  elongat i on when the l eaf was very young . At that 

t ime one would expec t i t s  growth regulator ac t ivi ty t o  be  

great e s t , and �hi s  is  al so  the  t ime when a l e af ' s · import  of  

c arbohydrat e is  very high ( Thrower 1962 ) .  

Further support i s  found in the resul t s  o f  o th e r  
studi e s : ( a )  GA3 reduc e s  starch i n  pro portion t o  t h e  amount 
o f  ext ensi on growth induc ed ( Nanda and Purohit  196 5 ) . 

( b )  A GA3 spray t o  part o f  a plant c ause s  a mark­

ed transfer o f  ass imi late  from the unsprayed part ( Quinlan 

and W e aver 1970 ) .  

( c )  Hoad and Mons e l i se  ( 1976 ) pro po s ed that 

reduc ed sho o t  gro wth from SAD H  i s  a re sult o f  a r educ t i on 

in GA-induc ed t ranslocat i on to  that are a .  

( d )  Grochow ska ( 197 3 )  ind ic at ed that high starch 

c ont ent in a plant i s  an indicator of low auxin and GA in 
the t i s sues . 

( e )  Lui s and Guard i o l a  ( 1974 ) bel i eved the in­
creased transport of res erve s caused  by GA resul t ed from 

GA increasing the c·apac i ty of the sho o t  to ac t as a s ink 
for nutri ent s .  
and ( f ) When exogenous GA increas e s  sho o t  elongation ,  

e i ther a plant ' s  sho o t weight i s  no t inc reas ed ( Powell et  
al . 19 59 ) ,  o r  the inc reased top  we ight is  as sociat ed with 

a reduc t i on in ro o t  dry weight ( Bri an 19 59 ) .  

Thus stem growth appears a s  being totally depend ent 
on pho t o synthat e supply - and thi s i s  mediat ed by the growth 

regulators . Whi l e  GA had a strong effect in promo t ing 
s t em growth in s e edl ings , and d e t ached shoo t s , the requi re­

ment indicated in the l i t erature for the pre s enc e of auxin 
for GA ac t ion , and for the rel ease of starch res erve s ,  was 
support ed by the re sults  here of a reduc ed GA-re sponse  i f  

auxin was reduc ed . lAA d i d  no t inc rease growth o f  s t em 

cut t ings , but in th e pre s en c e o f  PC IB there was l e s s  re­

sponse  t o  e x o g e n o u s GA . No doubt c arbohydrat e mobil i sati on 

was affec t ed ,  s i ne; e an irn p o r t a.n t ro l e  o f  auxin appears t o  
be  i n  ini t i ating t h e  d e grad a t i o n  o f  stored c arbohydrat e s  -

a pro c e s s  which  L3 tr1 en e nhunc e d  by GA ' s ( � ani ewsk i  and 
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Pien i az ek 1972 ) .  H enc e , whi l e  auxin did no t s timulat e 

growth o f  exc i s e d  shoo t s , like cyt okinin i t  i s  involved in 

the GA-induc ed growth response . H enc e in growth c ont rol 

one i s  conc erned with an int e rplay of different hormone s ,  

and an int erplay o f  di ffer ent part s o f  the plant . The s e  

two c harac t er i s t i c s  will b e  no t i c e abl e throughout thi s 

di scus s ion . 

Cytokinins are probably involved in growth c ontrol 

s inc e the thre e hormone group s together most favour nutri­

ent mo bili sat ion . There is evid enc e ro ot-cyt okinins play 

a role  in sho o t  growth by affe cting GA turnover ( Rail t o n  

1974 ) ,  and the t w o  t ogether c ould form an effec t i ve growth 

c ontrol system . A l ow l evel o f  cytokinin i s  assoc i at ed 

with poor plant growth ( Reid  and Rail t on 1974 ) ,  and normal 

growth and development r e quires i t s  pre senc e al so 

( Mo raszc zyk e t  al . 1974 ) . In kiwifruit cut t i ngs the GA­

respons e was over wi thin six w e ek s , and it r e sulted  from 

a re-d i stributi on o f  l eaf dry weight to hew s t em . t i ssue •. In 

the ab s enc e of roo t s  ( and henc e cytokinins ? )  no new l e af 

pri mo rdia were p roduc ed , and t o  thi s extent the GA-induc ed 

growth was no t no rmal . Exogenous cytokinin was found t o  

mod i fy the GA-r e s pons e ,  and thi s c ould refl e c t  the si tua­

t i on in the intact plant . 

I t  appears that GA interac t s  with auxin t o  mo bil i se 

c arbohydrat e ,  and that the ro o t s  supply fac tors ( po s s i bly 

includ ing gibberell ins ) that maint ain ad equat e GA levels 

for c ont inued growth , al though young leaves are int imat ely 

involved in the c ontrol sy s t em for int e rnode  growth , 

probably vi a GA metabo l i sm ,  and h enc e pho t o synthat e t rans­

port . In d e tac hed st erns the amount of c arbohydrat e 

availabl e fo r t ransl o c at i on l i mi t s  the level o f  respons e 

to GA . Cytokinins t o o  are involv ed and the ro o t s  c ould 

al so be a sourc a o f  supply of thi s growth fac to r . 

In the kiwi fruit  plant i t  was found that removing 

an api c al l eaf had a large effe c t  in r e duc ing int e rno d e  
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l ength - act ing particularly in an ac ro petal direc t ion . 

Thi s promo tive l eaf effect  was apparently reduc ed by the 

pre senc e of the sho o t  ap ex , s inc e d e c api tat ion f inally ( but 

no t ini t i ally ) increased the growth o f  the upper int e r­

nod e s  - however this  may merely have b e en an expre s s i on 

o f  compensatory growth . The st em-grow th promo ting influ­

enc e o f  a l eaf was therefo r e  local i s ed , and p o s sibly re­

fl e c t s  a local i s e d  d efic i ency o f  assimilat e s  due to a 

local d e fi c i ency o f  growth regulators . She in and Jackson 

( 197 2 ) have simi l arly sugge s t ed the importanc e o f  l o c al 

hormone balanc e in d e t ermining st em growth . 

S t em growth was affec t ed by the apex and by the 

l e ave s ( e specially young api c al l eave s ) , al though s evere 

defol iat i on was shown to have a more far-reaching e ffe c t . 

The youngest  int e rno d e s  w e r e  the one s mo st aff e c t ed by 

removal o f  thei r  subt ending l eaf , and it was al so the 

young e s t  int erno d e s  that r e s ponded mo st to exogenous GA . 

The evid enc e o f  the l i t e rature i s  that growth regulato r  

and pho t o synthat e avai l abi lity i s  aff e c t ed b y  the pre s enc e/ 
ab s ence o f  l eav e s , and i t  i s  l ikely that in kiwi fruit 

the s e  fac tors al so  ac c ount for the l e af contributi on to 

s t em elongation . The reduc tion in int ernod e growth from 

defoliat ion may be due to the removal of a l o c al sourc e o f  

spe c ific GA ' s , s inc e GA frequently replac e s  the l e af- e ff e c t , 
and SADH reduc e s  interno d e  growth in the sho o t  t i p  by 

reduc i ng api c al - GA l ev e l s  ( Head and Monsel i s e  1976 ) .  In 

prac t i c al t erms , it means t hat to maximi s e  the reduct i on 

in st em growth by any treatment , i t  must b e  appli ed at an 

e arly s t age when the l e ave s  are still very small . 

Fi eld appl i c at i ons o f  SADH and mal e i c  hydrazi d e  were 

effec t ive in reduc ing sho o t  growth , and limi t ed frui t 

residue t e st s  ind i c at ed SADH residue s in frui t were like ly 

t o  be wi thin tol erabl e limi t s - Mor e  r e c ent trial s  have 

a so shown the eff e c t ivene s s  6f e arly• s eason SADH sprays on 
kiwi frui t vine s ,  W i thout any s 1 gni fi O ant redu� tion in fruit 
s i z e  at harvest  ( Anon .  1978 ) .  The evid enc e pr e s en t e d  here 
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of a SADH or  mal eic  spray inc reasing po st-harvest  fruit  

respi rati on i nd icat e s  that thi s aspect  must b e  more fully 

stud i ed before  c ommercial use o f  the se  chemic al sprays  

could b e  recommended . 

The c ompensatory growth no t e d  ( increased int ernode  

number and leaf size ) i s  impo rtant in  indicat ing there is  
a mechani sm for controlling the  relative growth o f  the 

sho o t  and roo t  - which impli e s  a mobile hormone i s  in­

volved , and that the ro o t s  are a sourc e of  spec i fi c  sho.ot­

growt h  fac t ors . Similarly to  o ther authors , Richards and 

Rowe ( 1977 ) po stulated the limi t on top growth s e t  by the 

root s involves an int ernal regulat i on by the ro o t s , e spe­
cially the produc t i on and supply o f  growth substanc e s .  

In thi s  study the ro ots  were seen t o  c ontribute t o  

st em el ongat ion , a s  sho ot  growth c eased three  d ays  aft er 

removing the ro o t s ,  although growth re sumed w i thin three  

days when GA was appl i ed to  t h e  sho ot base . But while  thi s 

may i ndicate  ro ot-GAs are invo l ved in stem growth , they 

could no rmally be  synthe s i sed in the tops and only under­
go qual i tat ive change s in t he ro o t s . Ident i ficat ion o f  
individual gibberell ins i n  di fferent part s o f  the plant 

would be nec e s s ary to re solve thi s que stion .  The type o f  

growth produc ed i n  thi s shoot  system ,  and henc e i t s  c ontrol 
syst em , appears as incompl ete  though when compared with a 

normal intac t plant . Henc e some other growth factor  than 

GA and carbohydrat e seems required for plant growth - as 

already indicated . 

The data pre sent ed here showed that large volumes  

of sap c an  be transported up  the s t em o f  the kiwi frui t 
vine . Ac tive s ap bl eeding from the cut stem o c curred fo r 

a l imi ted  period  in spring , and the flow rat e depended  on 

the s t age o f  vine develo pment , plant size , t emperature , 

the d egre e  o f  decapi tat i on and the t ime of  d ay .  Bl e ed ing 
began just  before bud movement , and the flow rat e was 

highe st during the period that the bud s were first vi s ibly 

moving ( advanc ed swell ) , and thereaft er declined . High 
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s ap flows t ended t o  run ahead o f  bud growth , and the 

t iming o f  increasing sap flows c ould sugge s t  s ap provid ed 
e s sential s  for bud burst and growth . H owever i t  has b e en 
noted the s e  pro c e ss e s  c an o c cur in the absence  o f  a ro ot  
sys t em and the asso c i at ed high sap flow . It  is  also o f  

int erest that sap flows decreased a s  the leaf are a  develop­
ed  - and when transpirat ion l o s s e s  were probably increas ing . 

Whil e  the patt ern o f  s ap flow appears t o  b e  related 

to the e arly-season d evelopment of the bud s , there mus t  be  

s ome doubt about its  relati onship t o  the  st art o f  spring 
growth . 

The increased shoot auxin assoc iated wi th increased 

c ambi al and bud ac tivity , and the ready availability o f  

c arbohydrat e s  released from s torage would favour s ap 

exudation ( Skoog et al . 1938 ) ,  and so  high s ap flow  rat e s  
appear mo re as a byproduct i f  plant metabol i sm than a s  a 
s timulus o f  it , or  an e s senti al requirement for i t .  
Further , at the low t emperatures prevai ling in early spring , 

wi th wat er absorpt ion l argely being d e t ermined by the 

l evel of metabolic  ac t ivity , there i s  an explanat ion o f  
the substantial increases  in flow rat e with relat ively 
small ri s e s  in temperature ( Kui per 1964 ) .  Subsequently , 
with the start o f  shoo t  growth and reduc ed c arbohydrat e s ,  
and a reduc ed t emperature effect  on water uptak e  and sap 

flow , sap flow rat e s  would d e cline - as in fact they do . 

In the unc ontroll ed field si tuati on many things c an 

ac c ount for differenc es  in flow rc:Lt e s , and i t  i s  desirabl e  
t o  work w i th c ont ro l l ed environment s and t o  use  more direct  
methods  of  ass e s s ing sap moveru �nt . 

The spring ble eding sap was shown to c ontain 

cytokinins and GA-like substanc e s .  Gibberellin-like 
ac t ivity ro se at the t ime mo s t  o f  the bud s were at ad­
vanc ed bud burst , w i t h  the amounts  being transport ed to ­

wards the sho o t s  b e ing highest  when shoo t  elongat i on was 

j ust b eginning . 
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Trunk sap-GAs ro H e i n  t he apple from the start o f  

growth , and l evels  paral l elled ( but ran 2 we eks  ahe ad o f )  

the extension growth o f  the annual sho o t s  ( Grochowska and 

Karas z ew ska 1978 ) .  Wi th i n the sho o t s  themselve s high GA 

oc curred at the s t ar t  o f  sho o t  growth ,  but l evel s were at 

their l owest  during the mo s t  rapid ext ens ion �owth . Th i s 

may indi c at e t hat duri ng growth the sho ot-GAs were c on­

sumed , or were rec irculat ed and found their way back int o 
the c o nduc t ing t i s su e s  o f  the  t runk as gibberell ins mo re 

responsive in t h e  b i o a s s ay .  

The kiv1 i frui t " ro o t-GA" was po ssibly supporting the 
growth o f  qui e sc ent bud s and the new se ason ' s sho o t  gro wth 

In the absenc e o f  any earl i er as s e s sments  of plant or bud 

GA i t  i s  no t p o s sibl e indi cat e  whe ther GA ' s  may have b e en 
involved in the break ing o f  dormancy - which would have 

oc curred much earl i e r .  Browning ( 1973 a )  indi cated the GA ' s  
involved in dormancy rel ease  were no t suppli ed by the xylem 
sap , but originated w i thin t h e  bud s themselve s .  

How rapid s h o o t  elonga t i on c ont inued through the 
summer - with the E:.},J }J u r en t  reduc t i on in sap flow , and the 

decreased c onc e n t rat i o n o f  sap-GA i s  no t clear .  I f  the 

ini t i al high l ev e l s  o f  sap-GA had a func t ion it  could have 
al so  been t o s timulc:�t e the s t art  o f  c ambi al ac t ivity 

( D igby and Ware i ng 1 9 6 6 ) .  Onc e stem  gro wth i s  e stabli shed 
lower l evel s o f  sap-GA i n  as s o c i ati o n with o ther t i s sues  
and hormones may b e  ad e�uat e t o  maintain cell divi sion and 
control c ell elongation ( G leland 1969 ) .  Qualitat ive 

change s in sap GA ' s  and c y tok inin s following decapitation 
ind i c at e d the ro o t s  and sho o t s  were no t funct i oning 
independently , but were int erac t ing wi th re spect  to GA and 

cyt okinin me t abo l i sm . 

As wi th gibberellins , sap-cytokinin ac t i v i t y  vari ed 
b e tw e e n  pl ant s a t  a similar stage of development . Cyt okinin 
c onc entrat ion and the runount s be ing transport ed peaked 
sligh t ly earl i er thsn did gibberell ins , being at a maximum 

at advanc ed bud bur s t . C y t o k i n i n  l evel s  then decre ased  as 
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shoot  elongat i on b egan . The sap-cytokinin was found t o  b e  

possibly identi c al wi th z eatin ribo side , and may have 

played a role in both bud burst  and shoot  growth  • .  In the 
apple a high level of t runk sap cytokinin se e�ed to act 

as a triggering fac tor for the init iation of  spring growth , 

which i t  preceded ( Gro chowska and Karas z ewska 1978 ) . In 

thi s ,  cytokinins c ould ac t s imilarly to  GA in c ontrolling 

the transloc ation of  assimilat e s  t o  support sho o t  growth 
( Shindy e t  al . 1973 ) ,  and subsequently generally support 
normal sho o t  development ( Bachelard and Wightman 1974 , 

Jones , O . P . , 1967 , 197 3 ) .  

During the sunmer the inhibi t i on o f  lat eral bud 

growth b e c ame progre ssively stronger from January , to a 

maximum about the end of  May whi ch lasted through June . 

Henc e thi s summer correlat ive inhibit ion appeared t o  
merge into the c ondi t ion known a s  winter dormancy . 

ABA , lAA , and a mobile auxin-like substanc e that 

moved down a st em were pot ent inhibi tors of bud growth , 
whereas the pre senc e o f  roo t s  favoured bud outgrowth . 
Applicat i ons o f  cyt okinin generally inhibited bud growth , 
although on one o c c as ion they ac t ed s imilarly to  ro o t s  in  
promo ting bud burst  during the ' summer .  The l e aves were  
inhibitory of  bud burst , and thi s  probably reflec t s  their 
produc t i on of auxin , which  is wid ely acc ept ed as b eing the 
primary c o rrelative inhibi tor . 

What was o riginally de scrib ed as summer dormancy 
then i s  probably a correlative inhibition due to auxin 
produc ed  in the sho ot  tip and al so  in the l eave s .  In the 
pre senc e of elevat ed auxin l evel s it i s  likely factors 
such as cytokinin which are promo t ive o f  bud burst canno t  
ac t .  In  the blac kcurrant , bud growth was rapid in a 
pariod irt late  summer when c orrelative inhibition �as l e s s  
strong ( Naer and W ar e i ng 1961 ) .  In thi s studY st�m­
cytokinin l evel s in D e c ember were d e pre s s ed in the pre­
senc e o f  lAA , and Woolley and Wareing ( 197 2a ) have shown 
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that auxi n  c an  aff e c t  a bud ' s abi l i t y  t o  rec e i v e  and 

ut i l i s e  c y t o k inins f o r  growt h . 

Th e pro bl em o f  the c o rre l at ive summ e r  i nh i bi t i on o f  

bud gro w t h  app e ar s  s imi lar t o  t ha t  o f  wint er d o rmanc y  -

b o th po s s i bly b e ing t h e  re sul t o f  an inab i l i t y  t o  u t i l i s e  

c y t o kinin s : i n  e f f e c t  a c y t o k inin d e f i c i ency . 

Th e b r e ak i ng o f  w int e r  d o rman c y  i s  appar ent l y  

r el at e d  t o  a ri s e  i n  t h e  l ev e l  o f  growth promo t e r s  whi c h  

may b e  c y t o kinins and/o r  gibb e r e l l ins . Onc e d o rman c y  

h a s  b e en b r o k en GA s t rongly promo t e s  sho o t  e l o ngat i o n .  

0 0 
T emperatur e s  o f  4 - 8 C w e r e  b e s t  for p r o duc ing 

e f fi c i en t  and rap i d  bud bur s t  o f  d o rmant wint e r  bud s ,  and 

0°C was r e l a t i v e l y  i na f f e c t i v e , - and in thi s r e s p e c t  

t h e  bud s w e r e  t y p i c al o f  t ru e  d o rmancy . Howe v e r  i t  s e em­

ed w e ak e r  in d e gr e e  as s t o rage t e mperature o f  16 ° - 24°C 
f o r  24 d ay s  induc e d  more rap i d  bud bur s t  than s t o r ag e  at 

4° - 1 2 °C . I t  would app e ar that in s o m e  mann e r  chi l l ing 

renew s t h e  supp ly o f  growth p r o mo t e r s  - and th e s t r e s s  

that r e sul t s  from inc ubat i on a t  w arm t emp eratur e s ,  o r  

from r e mo ving the bud ' s  surr o und ing t i s su e s  ac t s  i n  t h e  

s am e  mann e r . 

G i b b e r e l l ins c ould b e an impo r t ant part o f  the s e  

gro w t h  promo t er s  a s  i t  i s  known that b o th c hi l l i ng and 

al s o  GA t r e atment r e s t o re growth i n  phy s i o l o gi c  dwarf s 

( Pow e l l  1 978 ) .  Al s o  o t h e r  aut h o r s  have a t t r i bu t e d  th e 

emergenc e o f  the bud s from r e s t  t o  t h e  build-up o f  end o­

genous GA ' s  and Ram s ay and Mart in ( 1970 ) found an i nc re a s e  

i n  apri c o t bud GA- l i k e ac t i v i t y  s ho r t l y  pri o r  t o  t h e  end 

o f r e s t . I t  app e ar e d  that ab out 700 h ours c h i ll ing w a s  

ad e quat e t o  r e sul t i n  rapid bud burs t , typ i c al o f  the end 

o f  d o rmanc y ,  and t h i s h as n o rm�l l y  o c c urred by 1 Jul y . 

Thus i t  i e  ne c e s s sry for any s t ud i e s  o n  the involvement 

o f  growth r e gul a t o r s  in t h e  b r e ak i ng o f  do rmancy to b e  

done in May and June . 
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The role  o f  i nhi b i t o rs in bud dormancy i s no t  c lear , 

but so me theori e s  regard do rrr.ancy as be ing c ontroll ed by 

a growth regul at o r  balanc e inc lud i ng inhibi t o r  c onc entr a­

t i on s  falling b e l o-.; a thre sho l d  c o nc entrat i o n .  In 

kiwi frui t ,  as i n  o th e r  plant s ,  r e s t  int ensity increas e s  

through the summer , and autumn appl i c at i on s  o f  growth 

regul at ors  do no t promo t e  bud outgrowth - sugg e s ti ng there 

i s  the accumul at i on of an inh i bi t o r . I n  thi s study , 

autumn bud-ABA had fall en by the t ime do rmancy was broken 

in e arly July , but  ABA ac t i vi ty was no t relat e d  to t h e  

c apac i ty f o r  rapid bud burst , o r  the breaking o f  d o rmancy 

The fac t that the  d e c l ine in bud ABA was no t t emperature -

relat ed , sugge s t s  wint e r  c h i l l i ng d o e s  not p ro mo t e  bud 

burst  by reduc i ng ABA l e v e l s .  

1fhe  kiwi frui t ro o t s  w e r e  n o t  sho wn t o  c o ntri .but e 

d i re c t ly t o  bud burst in th e spring , al though they c ould 

have had a re si dual e f f e c t . In a s tudy o f  ro o t  gro wt h , i t  

was found t o  o c c ur al ong w i th ,  o r  following bud mo vement , 

and s o  whi l e  the ro o t s  d i d  no t app e ar l ik e ly t o  ini t i at e  

t o p  growth t h e y  d i d s u p� o r t the sub s e n uent sho o t  grow th . 

S tud i e s  o f  s t em and s ap cytokinin and GA ac t i vi ty d i d no t 

i nd i c at e  they were  rel ated  to the breaking o f  d o rmancy , 

but they inc r e a s e d  wi th the s t art  o f  sh o o t gro wth - i n  

whi c h  proc e s s  t h e y  u r e  l i k e ly t o  have played a c ontro l l ing 

rol e . Unl ike  H ew e t t  and W are i ng ( 1 9 7 3 a ) the bui ld-up i n  

sap-cyt okinin l e v el d i d  no t prec e d e  t h e  ri s e  in bud­

cyt okinin - both b e ing high e s t at an early stage o f  bud 

growth and d e c r e a s ing onc e bud burst  was und e r  way . 

St em t i s su e  vms found t o  be abl e to make cytokinins 

avai l able  to t h e  bud s , and would f o rm an alt e rnat ive 

sourc e of thi s h o rmone , as was found t o  o c c ur following a 

dormancy-breaking s t r e s s  in c o ffee ( Browning l 9 7 3b ) . I t  

would s e em that any fac t o r  promo t ing bud burst , o r  over­

c oming dorrnu.ncy , do e s  so  by d i r e c t ly affe c t ing the bud s 

o r  st ems , and no t ind i rec t l y  v i a  the  ro o t s .  
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Juveni l i ty and a Juv e n i l e - l i k e  c o nd i t i on in b l ackcurr ant . 

Juv e ni l i t y  h a s  b e e n  muc h s tud i e d , but t h e  c onc e pt 

h a s  l ed t o  d i ff i c ul t i e s  i n  d e fi ni t i on .  Trad i t i onal l y  i t  

i s  u s e d  t o  d e s c r i b e  t h e  non- f l owering c ond i t i on c harac t e r­

i s t i c  o f  y o ung s e e d l i ngs , a s  d i s t i nc t  from o th e r  p l ant 

s y s t ems , I t  app e ar s t o  b e  l argely f o r  thi s r e as o n  that 

S c hwabe and Al-D o o ri ( 197 3 ) d e s c r i b e  a c ond i t i on w i th 

s im i l ar c h arac t e r i s t i c s ,  but i n  bl ackcurrant c ut t i ngs , a s  

a j uveni l e - l i k e  c ond i t i on .  H ow e v e r  S c hw ab e  ( 1976 ) sugge s t s  

o n e  should regard a p l ant a s  i n  a j uv eni l e  c ond i t i on wh en 

it fail s  t o  b e c o me r e p roduc t iv e  even whe n  expo s ed t o  

envi ronment al c o nd i t i on s  wh i c h  woul d no rmal l y  indu c e 

f l o w e ring . I t  i s  o f  int e r e s t  t hat S c hwa b e  ( 1976 ) m al{ e s  no 

r e f e r enc e to Z i mm e rrnan ' s  ( 197 3 ) " t rans i t i on p e r i od " , whi ch 

w a s  p r o p o s e d t o  ac c oun t f o r  t h e  flow e ring r e s po ns e o f  t h e  

young veg e t at i v e ly- pro p o gat e d  plant sy s t em that S c hwab e 

h a s  u sual l y  w o rk e d  w i t h .  

Th e r e  i s  a fur t h e r  r e a s on t o  b e l i eve that t h e  

j uvenil e- l i ke c o nd i t i on o f  b l ac kcurrant be ing c o n s i d e re d  

i s  d i s t i nc t from t ru e  j uveni l i t y .  Robin son and W ar e i ng 

( 1969 ) hav e i nd i c g t e d that pha s e  c lLmge o c curs in t h e  

s h o o t ' s  m e ri s t emat i c  t i p , d i s t i nc t from the d i ff e rent i at ed 

part o f  t h e  sho o t , and henc e a f f e c t s  sub s e q u ent t i s su e s . 

S c hwab e and Al- D o o r i  ( 197 3 )  found th e i r  j uveni l e- l i k e  

c ond i t i on w a s  no t an i nh e r ent p r o p e r t y  o f  th e bud o r  sho o t , 

but was r e l a t e d t o  t h e  bud ' s p o s i t i on r e l at iv e  t o  t h e  

ro o t s . Fur t h e r , o nc e  t h i s blac kcurrant sho o t  i s  l arge 

enough t o  r e s pond to induc t iv e  cond i t i on s , fl o w e r  in­

i t i a t i o n  t h en o c c ur s  in a b L s i p e t al po s i t i o n .  H enc e ,  

whi l e  j uveni l e  c h arac t e r s  may app e ar in a v e g e t at i v e l y  -

pro paga t e d  plan t , i t  i s  i nac c u ra t e  t o  d e s c r i b e  i t  a s  b e­

ing j uven i l e .  D e s c r i bing i t  a s  b e i ng in an inv i go rat e d  

tran s i t i on ph a s e  ty p e  o f  c ond :L t i on o f  th e adul t ,  o r  

j uvenil e - l i k e , s e t· rn o  t o  b e  m o r e  c o rr e c t .  Sucl'l a · d i s­

t inc t i on i s  al s o  o e e n  by H o b i n :.., on and N are ing ( 19 6 9 ) 

in t h e i r  r e f e r enc e to u ' ri p e n e s s - t o - fl o we r ' s t at e  t h a t  

o c curs w i th pha s e  c h ;J.nge , a.c''1d a c o nd i t i on o f  t h e  sho o t  

that r e q u i r e s  age i ng i n  o rd e r  fo r i t  t o  be abl e t o  r e s pond 
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t o  induc t i v e  c o nd i t i ons . 

In t h i s s tudy us ing vege t i v e ly- propagat e d  plan t s ,  

in ' adul t '  plc-illt s  th e re was a rnarlc e d  grad i ent i n  s t em- GA 

l e v e l , from high b a s a l  l e v e l s  to v e ry l ow l e ve l s in t h e  

upp e r  p art o f  t h e  s ho o t . A s  th e f i r s t  bud s t o  ini t i at e  

f l ow e r s  w e r e  tho s e  i n  t h e  upp e r  part o f  th e s t e m ,  i t  

app e ared a s  i f  h i gh-GA w a s  d i s c ouraging ini t i a t i on . H ow­

ever , in c o nt ra s t  t o  the r e sul t s  o f  S c nwab e  and Al-D o o ri 

( 197 3 )  t h e  ro o t s  and s t e rn s  o f  s ho rt j uv eni l e- l i k e  sho o t s  

in whi c h  f l o w e r  i ni t i at i on '.V as no t po s s ibl e c ontained v e ry 

l o w  l ev e l s o f  GA . I t  was t h e r e f o r e  n o t  po s s i bl e  t o  suppo rt 

the i d e a  that t h e  j u v en i l e- l i k e  c o nd i t i o n o f  th e blac k­

c urrant i s  due t o  t h e  prox imi ty o f  t h e  sho o t  t i p  t o  t h e  

roo t s , and t h a t  t h i s i s  d u e  t o  gi b b e r e l l ins c o mi ng from 

the ro o t s  ( S chw a b e  and Al-D o o r i  1973 ) .  

W ar e ing and Frydman ( 197b ) b e l i e v e  that j uveni l i t y  

i n  i vy i s  maint a i n e d  by r e lat i v e l y  high GA i n  t h e  sho o t  

ap i c e s . But the r e su l t s  w i t h b l ac kcurrant s e e d l ings 

wh i c h d e t ec t e d no s t e m-gi bb e r e l l in s  i n  the s ho o t s at any 

s t age sugg e s t s  i t  i s  inac c ura t e  t o  c l aim l ow GA-l i k e  

ac t i vi t y  i s  t h e  c au s e  o f  gaining t h e  abi l i t y  t o  f l o w e r . 

Henc e a prime func t i on f o r  the ro o t s  i n  the c ont rol o f  

t h i s a s p e c t  o f  p l un t  d e v e lo pme nt w a s  no t ind i c a t e d . I t  

ha s b e en s ugge s t ed e l s ew h e r e  al s o , that low G A  alone i s  

p r o b ab �y inad e o uat e f o r  pha s e  c hange ( W are i ng and Frydma.n 

1 9 76 ) .  In d i s cu s s ing c l onal l y- produc e d  bl ack currant N a s r  

and W ar e ing ( 19 6 1 ) pro p o s ed t h a t  c o rr e l a t ive inh i b i t i on 

pr event e d  f l o w e r  i n i t i at i on i n  t h e  e arly p art o f  the 

gro w t h  c y c l e .  P e rhap s  t h en the GA/auxi n  bal anc e  i s  im­

p o r t an t  b o t h  i n  pha s e  change and i n  t h e  age ing requ i r e d  by 

th e j uveni l e- l i k e  b l a c k c urrant , and th i s  a s p e c t should 

re c e iv e  furth e r  c on s i d e ra t i on .  
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D e t ermination o f  A l ar r e s i d u e  i n  ki wi fru i t . 

MBTHOD : Plac e in a 2 l i t re fl ask 50 gm . o f  homo geni z e d  
s ampl e o f  fro z en ,  pul p e d  who l e  frui t .  Add 1 00 ml . 50% NaOH , 

5 0  gm . NaOH p e l l e t s ,  8 . 4  ml . 1 2 7; 'r iC 1 3 , 1 ml . Ant i f o am A ,  and 

1 gm . gran . z inc . Thi s mi x t ur e was d i s t i l l e d  and 4 0  ml .  d i s­

t i l l a t e was c o ll e c t e d in 5 ml . 2 i� c i tr i c  ac i d  c ont aining 1 

d r o p  pheno l phthal e in s o l ut i on . 

I f  pink c o l our ap p e ar e d , suf fi c i ent c i tri c ac i d  s o lut i on 

was add e d  d r o pwi s e , to  d i s c h arge i t . The d i s t i l l at e s o lut i on 

w a s  t h e n  ac i d i fi e d t o  3 . 5  wi th d r o pw i s e  add i t i on o f  2% c i t r i c  

ac i d . 

When r e ad y  t o  d e v e l o p  t h e  c o l o ur , d i lute NaOH was 
add ed d r o pwi s e  t o  give a pH o f  5 . 0 .  fhen 5 . 0  ml . o f  1% 

Tr i s o d ium Pent a Cy ano am i n e f e rro at e was add ed , the who l e  mad e 

up t o  50 ml . and shaken v; ell . Aft e r one h o ur the s o lut i on 

was f i l t ered thr ough Wh2.tman No . 1 pap e r  and the abso rbanc e 

m e a sur e d  on a H i l g e r  Bi o c h em Ab s o rp t i ome t e r  at 4 9 0 
and 4 6 0  mu 

i n  1 c m  c e l l s  us ing a reagent bl �k . 

The N e t  Ab s o rb an c e w2.s c al c ulat e d a s  ( Ab4 9 0 - Ab4 60 and 

thi s was p l o t t e d  on a S t and ard G raph u s i ng 200 , 4 0 0 , 800 , and 

1000 f-gm d imas . 

Unt r e at e d s ampl e s  o f  k i wi frui t  w e r e  anal y s e d  aft er the 

add i t i o n  o f  ali quo t s  of d imas and the � r e c ove ry d e t e rmined . 

The t r e at e d s ampl e s  w e r e  then analy s ed , wi thout fort­

i f i c at i on , and th e r e sul t s  c o rre c t ed for % rec o v e ry .  
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HPLC o f  cyt o k i nin e x t r a c t o f  k i w i frui t s ap .  

H i gh p r e s sure l i � u i d  c hro mat o craphy was p e rf o rm e d  wi t h  

I SC O  e qu i pment mo d e l  1 4 4 0C 3N ,  inc o rpo rat ing high p r e s sure 

( 20 00 p s i ) D i al agrad puiilp s . 'rhe c o lunm , 2 5  erns . x 2 mm i . d .  

wa s pac k e d  wi t h  mi c r o part i culat e s i l i c a  ( Vari an A e r o graph 

S i  - 5 ) .  Th e  s y s t em was l ink e d  t o  a UA 5 moni t or w i t h  bui l t- in 

r e c o rd e r , and m i c ro f l o ·N c e ll s , w i t h  1 0  mm path l engt h and 

1 9  fl h o l d-up vo lume . 

The d r i e d  s ampl e ex t ra c t \'l as t ak e n  up in c hl oro f o rm­

ac e t i c  ac i d  ( 9 : 1 9 0� s aturat e d ) , and 2 5 0 pl i n j e c t e d through 

a s ampl e l o o p . 'r he s amp le w3.s e lut ed w i th a final s o lvent 8 0% 
f r o m  pump A and 20)� f r o m  pump B ,  a t  2 0 ° ± 2 °C and l 4 5 0 p s i , and 

20 ml/hr . 

S ol vent p r e p ar at i on .  

Th e s o lvent s u s e d w e r e : 

Pump A - Chl o ro f o rm/Ac e t i c  ac i d  9: 1 ( 907b s aturat e d ) . 

Pump B - Chl o r o f o rm/Ac e t i c ac i d  8 . 5  : 1 . 5  ( 90}� saturat e d ) + 
2 0'/o m e thano l . 

Th e 9 0% wat e r  s aturat e d  s o l vent was prepar e d  by s aturat­
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