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ABSTRACT

This study emphasized the interplay of several
types of growth regulator in the control of growth and
development in the kiwifruit plant. Hence different
parts of the plant are seen to contribute to this control,
the plant appearing as a fully-integrated system with the

shoots and roots interascting with each other.

The gibberellins were active in the promotion of
stem elongation, and it is considered stem growth is
dependent on the photosynthate supply, and that this is
mediated by the growth regul.itors. A leaf had a dominant
effect on internode growth, and therefore shoot length,
at a very early stauge of its development - but the effect
of an individual leaf was very localised. The plant
roots were not clearly shown to be essential for breaking
dormancy, bud burst, or early shoot growth. However it
was found the roots could be supplying gibberellins as
one of the factors recuired to maintain normal shoot
growth. Cytokinins for early bud growth could have been
supplied in the bleeding sap either from the roots or the
stem tissue. fReservations are expressed about the need
for high spring sap flows for pnlant growth. High sap flows
may be a result of a combination of circumstances at the

time, and not a necessary pre-requisite to growth.

SADH and maleic hydrazide are effective shoot
growth retardants, and may find commercial acceptance,
except their apparent effect in enhancing post-harvest

fruit respiration must receive further study.

Bud dormaricy was greatest before leaf fall, and
dormancy was troken by about 700 hours below7.2°C, although
warm temperatures were just as effective in overcoming this

dormant condition. Winter dormancy appeared to be basi-



cally the same type of condition as correlative inhibition,
and it is suggested thzt each is, in large part a result
of an inability to utilise cytokinins or other growth

promoters.

It is considered that the juvenile-like condition
in blackcurrant is distinct from true juvenility,and the
former did not appear to be the result of proximity to
gibberellins from the roots. Further, it could not bte
shown for true juvenility that it was likely to be due
to the production of inhibitory levels of gibberellin by
the roots,.



INTODUCTTON,

A-1 SHOOT GROW'IH.

ohoot elongation is an important form of growth
in herbaceous and woody rplants, some of which grow in a
single annual flush of growth, and others in several
flushes during the period of suitable growing conditions.
The characteristics of schoot growth und the fzctors
affecting it are reviewed in lkozlowski (1964) and
Sachs (1965), und they show the variability in shoot
elongation and the complexity of its control mechinisms.
Information is still renuired on the relation of shoot
growth to other plant processes, and precisely how
seasonal growth patterns wre controlled.

In fruit trees adequute annual shoot growth,
especially in the eurly years, 1s essential to maximise
yields, but there also comes a2 point at which the amount
or rate of shoot growth is detrimental to flower initia-

tion, fruit set, or fruit cuality.

The kiwifruit vine is «nown for its rampant shoot
growth, although vigour varies with the variety (Davison
1971) and growing conditions. #hile some buds produce
a determinate shoot (Brundell 1975a) other indeterminate
shoots may readily reach over 200 cms in length. Shoots
also readily twine around other shoots they come in
contact with, which means the vines quickly become a
tangled mass unless frequent summer pruning is carried
ovt, in addition to winter pruning. Uncontrolled growth
is conducive to fungal infection, and leads to a reduction

in fruit storage life,but the increasing cost of labour for



pruning makes alternstive growth control practices

nttractive.

It is clear msany factors 2f"ect the time and the
extent of shoot [ rowlh, including environmental factors
and also internal chuarccteristics of the plant both in
the stem and other ports of the pleant. Uince stem elon-
gation is integrated with other «spects of plant growth
and development, we snould cxpect activity in the tissues
responsible for ztem growth to be co-ordinated with, and
affected by other plant parts. Thus studies of stem
growth have shown =z role for the leaves (Sachs 1905) and
also the roots (Buttrose and Lullins 1968, Smith and
dareing 1964, went 1943); for photosynthates, both
reserves and from current photosynthesis (Hansen 1971,
Priestley 1960); and a role for endogenous growth
regulators (Carr et 211. 1964, Luckwill 1979).

Ll Leaf Wkffects.

While the stem apical mericstem vroper is the site
of the initial cells of the ctem, the sub-apical region
is the site of formation of most of the cells that make
up the mature stem, and so it i the sub-apical meristem
that plays a lurge role in determining plant height
(Sachs 1965). Thus, factors affecting cell division in
this region would affect stem length. In rosette plants
GA-induced stem elongztion is accoitpanied by an enormous
increase in sub-apical meristve. activity (Sachs et al.
1957), althoug!: GA-like substances may also conirol
sub-apical mneristecu activity in caulescent plants as GA
restores cell division and eclongation to normal or
greater in retardant-trezted pluants (Jachs and Kofranek
1963). Tammes ( uoted by Sachs 1965) found the removal
of a few leaves ciiused inhibition of stem elorngetion in
woody species, bul through an effect on cell elongation
rather than cell division. The guestion of whether GA




acts by stimulaving cell division or cell elongation is
also considered by Arney and kiancinelli (1966), who
suggest the niain effect of GAT is to increase mitotic
activity in apical and sub-aspical meristems, and any cell
elongation effect is a consenuence of such activity.

When the shoot tip (including its enclosing leaves)
of a plant is renoved there is a reduction in the c¢xten-
sion of all its internodes especially the more immature
ones (Lockard 1956); in Ginkgo shoot elongation does not
occur unless there is a countinued production of leaves
Leyond those present in the winter bud (Critchfield 1970);
and in the aprle tree removing unexpanded immature leaves
reduces internode length and shoot length (Kato and Ito
1962).

A number of studies have concentrated on the
contribution of young leaves Lo tlhie growth of individuzl ‘
internodes, and Poll (1973) Las shown a marked correlation
between shoov length ciid nsesn internode length., It has ‘
similarly been noted in the kiwitruit shoot (Brundell

1973) that the basal internodes, produced at a time of

slow growth rate, are shorter than later ones. Brundell

(1973) also found internode length along a shoot was

closely related to leaf size, internodes remaining small

between leaves that were small.

+

Abbreviations:

ABA Abscisic acid
BAP Benzylaminopurine
CCC Cycocel

GA3 Gibberellic acid
GA Gibberellin

MH Maleic hydrazide
NAA Naphthalene a@cetic acid
SADH Succinamic acid 2-2-dimethyl hydrazide



The region of the stem tip is important in the
control of internode extension, and it appears the import-
ant tissues are the small expanding leaves rather than the
apical dome or leaf primordia (Jones and Phillips 1966).
work with bean led to the hypothesis that a GA-precursor
is produced in the young leaves and transported to the
stem where it is converted to a GA-like material that
acts to promote internode elongation (Lockhart 1964).
Removal of young leaves from apple shoots retards inter-
node elongation, and it is considered GA-like substances
produced by immature leaves contributes to this control
(Grauslund 1972, Kato and Ito 1962). In Avena the growth
regulator GA3 is specific in stimulating growth of
excised stem segments, and this is a major endogenous
gibberellin in this plant. In a careful study of native
GA's in Avena Kaufman et al.(1976) concluded the upper
two leaves and also the infloresence and nodes (perhaps
accumulated there from the leaves) can serve as important
sources of the native GA's required for the elongation of
the next-to-last internode. A model of shoot growth as
an autocatalytic process based on growth regulators
produced by young leaves in the shoot tip was proposed
by Abbott (1970).

A leaf and its adjacent internode appear to form
a localised physiological growing unit, and in apple and
plum shoots a young leaf promotes the extension of two
internodes above it (Fulford et al. 1968). While this
effect was not so clearcut in all varieties, it was always
true that the leaf influence extended acropetally rather
than basipetally, and it was further shown this effect
could be simulated by a localised exogenous GA application.
When a group of leaves was removed from near the tip of
an apple shoot, there was a lzrge reduction in internode
length due to a reduction in their growth rate, the
shortest internode always being immediately above the
last removed leaf (Barlow and Hancock 1956); although
if leaves within the tip bud were removed, then just

below the defoliated region there was an increase in



internode length. “he young leaves while included in the
tip of the apwnle shoot, thus nurkedly affect the final
length of the internodes between %hem, and the greater
the number of such leaves removed in succession, the
greater the reduction in internode length becomes. Then
as young leaves are no longer removed there is a gradual
recovery of internode length. lemoving unexpanded leaves
also leads to increased internode number (Kato and Ito
1962). Leaves a short distance below the tip bud have
very little influence on elongation of the internodes
subtending the tip (Barlow and Hancock 1955), but when a

large number of the lower leaves are removed, there is a
mcrked ‘reduction in the extension of many of the upper
y_ounD internodes, presunably due to the reduced supply
of photosynthates. Leaf removal led to an increased rate
of dry matter production by the remaining leaves, and a
considerable reduction in root growth (llaggs 1965), and
when leaves near a shoot tip are removed, the size of an
ad jacent leaf is increased (Barlow and Hancock 1955).
Such compensatory growth following defoliation means the
plant rapidly restores its root/shoot ratio (wareing
1970).

1,2 Root Effects.

When grape vines were maintained with a constant
reduced root volume, shoot growth was reduced, and shoot
length increments bore a close relation to the level of
root pruning. It was considered this could only be
interpreted to indicate the roots are the source of a
growth substance required for normal shoot growth (Buttrose
and Mullins 1968). This idea follows from early obser-
vations such as those of Went (1938), and many others have
found a role of the roots in the behaviour of the top of
the plant (e.g. Smith and Jareing 1964b, Jareing and Nasr
1961). Cooper et al. (1972) suggest a growth regulator

originating in the roots controls the spring mobilisation



of reserves that result in their increased concentration

in the sap just prior to blossoming.

waterlogging reduces stem growth, and in the tomato
it is considered the reduction in GA coming from the
roots (and cytokinins) is an important factor limiting
stem growth (Reid and Crozier 1971, Reid and Railton 1974),
and Carr et al. (1964) believed the amounts of GA trans-
ported from the root to the shoot of their balsam plants
was adequate to account for the shoot's growth. In the
absence of roots, the growth of uninhibited buds on stem
cuttings has been greatly promoted by GA3 (Smith and
Wareing 1964b, wWickson and Thimann 1958), but in both
cases the response was short-lived, and for some unexplain-
ed reason growth ceesed after a certain maximum increment.

While there is some evidence for GA biosynthesis
occurring in the roots (e.g. Jones and Phillips 1966),
this is not considered unequivocal by Crozier and Reid
(1971) although they found plant roots have an important
role in GA interconversion.

Cytokinins synthesised in the roots move up the
plant in the xylem exudate (Kende 1965, Skene 1975), and
cytokinin-like materials in root exudate from apple trees
have promoted the growth of isolated apple shoots (Jones
1973). Exogenous cytokinins promote inflorescence develop-
ment in unrooted grape cutting (kullins 1967), suggesting
these substances in some way substitute for the presence
of roots. Miginiac (1971) and Woolley and wWareing (1972)
considered plant roots can regulate shoot meristem function,
through cytokinins.

The results of Luckwill and Whyte (1968) with
apple cultivars indicated the cessation of shoot growth
corresponded approximately to the time cytokinins
disappeared from the sap.



1.3 Carbohydrate Reserves.

In deciduous plantis bud burst in spring is fol-
lowed by a period of growth, and initially there is no
foliage to support this growth. There is also a period
of competition bectween the growing shoot apices, and the
developing flowers and fruitlets for the metabolites being
produced (Quinlan and Preston 1968), and so it is neces-
sary to determine the source of carbohydrates used in
growth, and their distribution through the plant.

ohoot growth has been found positively correlated
with bud size, and also with the environment of the year
in which the bud was formed; and in many temperate zone
woody plants shoot growth depends primarily on carbohyd-
rate reserves, not on current photosynthates (Kozlowski
1964). 1In a study over 25 years of apple trees grown on
a range of rootstocks, a significant negative correlation
was established between yield and the following season's
shoot growth, but not between yield and shoot growth in
the same year (Rogers and Booth 1964). They suggested
a heavy crop reduced the level of stored reserves (not
specified), and hence next year's growth. Biennial
varieties of apple make more shoot growth in their "on"
year. JSince cropping has a large eifect on root growth,
reductions in root growth due to a heavy crop could result
in reduced shoot growth the following year.

Work with young apple trees has shown soluble
sugars, starch, and hemicellulose in the wood and bark
support vegetative growth in the spring. It has not been
possible to encourage the use of more than 33% of such
extractable material in growth, and still keep the plants
healthy (Priestley 1970),but clearly a portion of the
reserve carbohydrates play an important role in growth.
Studies with pecan trees following assimilation of 14002
showed translocation from stored reserves is evident at
bud break, and it appeired they were not used for substan-

tial growth of tissue other than those associated with



elongation (Lockwood and Sparks 1978). Following the
relatively rapid depletion of reserves as the first leaves
expand, there is &« replenishment of reserves before shoot
extension becomes active (Priestley 1960), and cuantit-
atively the greater part by far of the total new growth

in apple fruits and shoots is based on muterials from
current photosynthesis (Hansen 1971). Similar changes in
the carbohydrate reserves of rooted grape cuttings have
been recorded (Buttrose 1966), and in cassava shoot growth
made by cuttings is very closely related to the total
carbohydrate content of the cuttings (Wholey and Cock 1975).
Wihen hardwood cuttings of apple are rooted under conditions
favouring carbohydrate loss, it is found the subsequent
level of establishment in the field is low (Cheffins et al.
1974). In stem cuttings of the kiwifruit defoliation
enhanced flower bud development, presumably by diverting
more of the limited reserves to this sink, and over a
26-day period after bud burst, the expanding leaves did
not appear to make any important contribution of photo-
synthates to shoot growth, but rather they appeared as the
major metabolic sink in the rapidly developing kiwifruit
shoot (Brundell 1975c).

A young expanding leaf imports assimilates, largely
from the uppermost leaves below it, and when it reaches
30-50% of its final size it begins to export assimilates
(Thrower 1902, wWardlaw 1968). In the soybean when a leaf
is 8% of its final size and growing rapidly (typically
the outermost leaf of the apical group) it has a rapidly
increasing import of C-assimilate (Thrower 1962). As
indicated earlier it is at about this stage that a leaf
is playing a very significant role in determining the
final length of the internode above it.

In woody perennials nitrogen reserves are also
important, and there may be a high correlation between
the level of storage N and new spring shoot growth (Tromp
1970). Hydrolysis of wood protein occurs before bud break
(Oland 1959), and the level of amino acids in grape roots,



canes and buds rises just before bud burst (Kliewer 1967).
In grape cuttings both soluble and insoluble N is available
for the growth of new roots «nd shoots, and is even used
preferentially over fertiliser-N (ubbink et al. 1973).
Vacuum-extructed stem sap of apple shows N concentration
increases just before bud burst, and peaks at full bloom
(Bollard 1953, Cooper et al. 1972), and this is believed

to result from mobilisation of reserves rather than a

movement of recently-absorbed nutrients (Bollard 1953).

kExogenous gibberellins stimulate stem elongation of
many plants, an effect no doubt of the many changes that
treatment has induced. In barley seeds, GA causes the
de novo synthesis of K-amyl:ise which results in the
hydrolysis of gstarch, and when wheat is treated with GA3
the coleoptiles elongate and starch reserves disappear
(Boothby and wright 1962). Perhaps a similar mechanism
occurs in GA-stiimulited growth of other plants. Grochowska
(1973) showed a high starch content in plant tissue is an
indicator of low amounts of wuxin and gibberellinm in those
tissues. Wworking with scedlings, kanda and Purohit (1965)
found GA3 reduced starch in proportion to the amount of
extension growth induced, and showed an increased activity
of hydrolytic enzyme in tissue treated with GA3. Paleg
(1965) has shown the corollary between GA treatment of
tissue, and the loss of stored starch from these tissues,
and there are many examples of changes in enzyme develop-
ment in elongating tissues with C-A3 treatment- just as
changes in DNA and RIIA synthesis have been correlated with
GA-stimulated growth. These effects are discussed by
Jones R.L. (1973), who considers it is not clear whether
these GA3—stimulated cnanges are the cause of the increased
stem growth rate, or if they are simply involved in the
maintenance of the higher rate of cell elongation.

In the grape vine after winter rest, starch disa-
ppears to support new growth, but GA3 alone or in combina-
tion with BAP was ineffective in promoting the release

of sugars from 1 year old canes (Skene 1971). It was



10.

concluded GA3did not have a direct effect on the enzymes
concerned with starch degradation, and it was noted that
IAA was effective in promoting the release of sugars from
wood. The largest effect on sugar release was asgociated

with stimulation of cambial activity (Skene 1971).

Wwhen apple seedlings or trees were supplied with NAA
the starch disappeared from the tissues, but GA had only
a very slight effect, and when the shoots were supplied
with GA and NAA together, starch loss was enhanced
(Pieniazek and Saniewski 1968). The same effect was found
in further work, and these czuthors also consider the
degradation of stored carbohydrates in the spring is
hormonally-controlled by an interaction of endogenous
auxins and gibberellins, the process being initiated by
auxins produced by the bursting buds (Saniewski and
Pieniazek 1972).

Currently there is interest in the area of hormone-
directed transport of metabolites, and Luckwill €1970)
bases his model of shoot growth control on a mobilising
role for auxin produced in the apex. Gibberellin may
have an indirect effect by regulating auxin production,
although its synergistic action with auxin was noted above.
Seth and Wareing (1967) revealed that the attraction of
nutrients towards the source of auxin is greatly enhanced
when it is applied together with GA and cytokinin.
Treatment of leaves or roots of intact grape plants with
cytokinin modifies the pattern of movement of photosyn-
thate, amino acids, and organic acids (Shindy and Weaver
1970, Shindy et al. 1973). Aullins (1970) concluded
hormones simply exert a sink effect on the phloem trans-
port system; and in the grape, when only one of two shoots
is sprayed with GA3 there is a marked transfer of assimilate
into the sprayed shoot- and so it could contribute to its
increased growth (Quinlan and Jeaver 1970). In their
proposal of SADH action on apple plants (Hoad and
Monselise 1976), an induced fall in GA levels in the stem
tip contributes to a reduction in its "sink-strength" and
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thus reduced translocation to the area - which causes a

retardation of internode elongation.

1.4 Growth Regulators.

Some reference has alrcady been made to the in-
volvement of thece substances in growth control, but
other observations chould also be noted.
(a) Gibberellins -

In sunflower olants there is n positive correlation

between the cuantity of diffusible-GA from an internode

and its rate of cxtension growth (Jones and Phillips 1966),
and the reduced stew: growth in the flooded tomato plant

has been related to the rcduced export of gibberellins

from the roots (ieid and Crozier 1971). Barendse et al.
(1968) consider that early growth of pea seedlings is at
least partly regulated by GA's released from a bound form
in the seeds, and Crozier et al. (1971b) considered the
likely involvement of svecific endogenous GA's in the
growth of bean seedlings. A greater amount of GA-like
substances is found in the transpiration stream of vig-
orous apple trees (Ibrahim and Dana 1971), and gibberellins
have been widely found in the xylem sap of the apple
(Luckwill and whyte 1968) and other plants. Gibberellin
converts dwarf beans into pole beans (Wittwer and Bukovac
1957 quoted in Cleland 1969), and in some genetic dwarfs of
corn and rice, dwarfism is related to the absence of, or
reduced levels of ¢ndogenous GA-like substances (Jones R.L.
1973). Wwhen a young apple tree is sprayed with GA3 inter-
node length and shoot length is increased (Luckwill 1968),
and this type of response has been used as the basis of a
bioassay with grape shoots (weaver and McCune 1959) and
lettuce seedlings (Frankland and wWareing 1960). But when
seedlings were treated with different levels of the growth
retardant AMO-1618 there was no obvious correlation bet-
ween stem elongation and the level of extracted GA-activity
(Crozier et al. 1973).
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It seems generally accepted that gibberellins are
primarily responsible for internode elongation (Fulford
et al. 1968, Phillips 1972), and it is known they can
simulate the effect of a young leaf bluade on internode
elongation (Fulford et 21. 19068). As the different gibber-
ellins vary in the amount of cstem elongation they induce
(Crozier et al. 1970, Kaufman 1967) one may expect the
gibberellins important in stem growth to vary with the
plant. While GA8 appeared to be important in the growth of
Phaseolus seedlings, this effect is likely to be restricted
to the early stages of germination, and in 12-day old seed-
lings GA's 1, 4, and 19 appeared to be the main stem-
growth promoting GA's (Crozier et al. 1971b). Barlow (1967)
reported a negligible effect of GA3 on the growth of apple
trees, but they reacted strongly to GA4 and less markedly
to GA,. 1In Picea Dunberg (1976) found a rapid rise in GA
and IAA activity during the period of rapid shoot elonga-
tion, and in this plant GA-like substances are a pre-
requisite for elongation. Qualitative changes suggested
a GA-interconverson pzthway, towards more polar tompounds

was operating.

vome of the effects produced by auxins are similar

to those caused by gibberellins, suggesting the actions

of the two substances are connected - however, the two
materials may also produce opposite effects. ihile auxin
level does increase in many tissues in the presence of GA,
at least some GA responses are independent of the presence
of auxin, and the general conclusion appears to be that-GA
acts with auxin, ratner than through auxin.

Many studies (e.g. Kaufman 1965, Ockerse 1967)
have considered the relationship of GA to auxin in stem
growth; 1in stem sections, and intact pea plants GA3 induced
extension growth only in the presence of auxin (Brian and
Hemming 1958), and they act synergistically promoting in
stem growth (Grunwald and Lockard 1973, Jankiewicz et al.
1973). The interactions between auxin and gibberellins

are not clear, but evidence continues to appear that the
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two work together in causing elongation. GA appears not
to work through an auxin-mediuted mechanism, nor in ways
that have been proposed in various other hypotheses for
their interaction, but to interact with auxin in bringing
about growth (keftord 1962).

(b) Auxins, Cytokinins, Inhibitors -

Hative auxins are widely found in plants, and at
particular stages of Jdevelopment may nlay a major role
(e.g. Goldschimidt 1976). <Critchfield (1970) believed
his work provided good circumstuantial evidence of a
dominant role for cuxin in controlling shoot extension.
There have been wttewpts to rel:ite the effect of light
on stem growth to chunges in auxin metabolism (Fletcher
and Zalik 1964), but in comparison with GA, auxin often
has little effect on stem growth (Jankiewicz et al. 1971,
Phillips 1971a).

A difference in oftect of Iaa and Ga on tissue
differentiation in elon;uting apvle internodes is recorded
by Jankiewicz et al. (1973), wnd indicates a nced for both
types of material in growth. In decapitated zpple shoots,
auxin or BAP did not stimulate elonguation more than GA3
alone, but it was only in the presence of all three that
the shoot tip was anatomically like a normal non-decapi-
tated one (Moraszczyk et al. 1974).

Now in coatrust to early views about the role of
auxin in plants, the o0ld precent of '"no auxin, no growth"
appears too simple, and Ller (1969) considers much of the
work relating auxin level to growth level is questionable.
Observations noted so far indicate an inter-relationship
between endogenous hormones, and the work of Shein and
Jackson (1972) supports the idea of stem growth depending
on the local hormone balance - which is modified by a
wide range of internal and external factors. #Wright (1968)
has shown sequential roles for the various groups of
growth regulators in the growth of the wheat coleoptile
and first leaf. Gibberellins and cytokinins may act

sequentially on shoot growth, as suggested by the results
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of Ali and Fletcher (1971) who found an application of

BAP to an inhibited lazteral bud, followed 48 hours later

by GA3 was more effective in promoting shoot growth than
when the two hormones were applied together. The existence
of such inter-relationships that integrate the whole plant
is also reflected in the models of shoot growth of Luckwill
(1968) and Jankiewicz (1972, Jankiewicz et al. 1973).

Large cuantities of solutes may be transported to
the branches of a tree in the xylem sap in the spring
(Luckwill and «+hyte 1963), and we may expect cytokinins
originating in the roots to be an important factor in the
control of plant growth (Jkene 1975). Both endogenous and
synthetic cytokinins promote elongation of isolated apple
shoots (Jones 197, 1973), and Lucikwill and whyte (1968)
correlated the fall in sap cytokinin level with the end
of shoot extension growth.

The supply of kinetin to plant roots may reduce
dry weight accumulation and elongation of the tops
(Wittwer and Dedolph 1963), while IAA and/or kinetin under
some conditions reduces GA3—induced elongation in the main
stem of dwarf beans (Jackson znd Field 1972, Shein and
Jackson 1971).

It is also worth notin; that a tissue's hormonal
content at any one time may not be very meaningful, and
what is more important is the rate of hormone turnover
in the tissue (Jones R.L. 1973, Zeevaart 1971). There
is evidence to suggest root-cytokinins play a role in
controlling shoot growth and that they do this in part,
via an effect on GA metabolism, and Railton's (1974)
results show how a cytokinin can markedly affect GA
turnover in plants. Further, when tomato plants are
flooded, they have reduced GA and cytokinin levels, and
then an exogenous supply of cytokinin raises the GA level
and partially relieves their dwarfness (Reid and Railton

1974).
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Plant tissues also contain large amounts of in-
hibitors - not only ABA but z@lso neutrel non-polar ones.
It has been widely believed ABA is important in regulat-
ing shoot growth since a correlation has been found
between the increzsed level of this hormone and the
cessation of growth (Phillips «nd wareing 1958), and
exogenous aBa wpwlication may reduce growth. However
there is now some doubt about the sugszestion (magles and
Wareing 1964 ) that ABA is responsible for the cessation of
shoot elongation and formation of termminal buds under
short days. Thus the highest levels of ABA have been
found in the small exp:inding leaves and upper stem of
rapidly-growing shoots of the apple (Powell and Seeley
1970) and poplar (Eliasson 1909). studies with seedlings
of Malus and Betula indicate ABA does not play a primary
role in the control of shoot elongation, as short days
did not lead to increased amounts of ABA in the shoots
(Powell 1976). Further evidence in support of this
proposal was obtained by Singha and Powell (1978). Low
levels of ABA have been detected in the xylem sap of

Actinidia chinensis during the early spring (Davidson and

Young 1973). In the control of the rate of stem elongation,
and the cessation of growth and development of rest, ABA
appears to be just one of a group of factors that are

important.

To return to the idea of hormone balance one may
note the work of Atkin et al. (1973) with maize. They
found as the temperature of the root media was lowered,
shoot growth became more restricted, with a decline in GA
and cytokinins in the bleeding sap, although inhibitor
levels rose - and so it was suggested the change in shoot
growth was related to an alteration in the balance of

growth regulators exported from the roots to the shoots.

(c) Growth retardants -

Several chemici:ls have been synthesised that have
marked effects on growth and development of plants, and in

some instances their use has become commercially feasible.
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Chemical control of plant height and shoot growth of many
herbaceous and woody plants is now possible, and the
materials used may also have other useful effects on crop
development. SADH has a range of effects on fruit crops,
including a marked reduction in vegetative growth - an
effect it has been shown to have on the kiwifruit vine
(Davison 1971). llany studies have been made of its mode
of action, especially in relation to gibberellin meta-
bolism, since SADH treatment may reduce GA levels in stem
tips (Hoad and Wonselise 1970; Ryugo and sansavini 1972),
and gibberellic acid can negate or reverse the effect of
retardants on plant growth. However, Greenhalgh and
Edgerton (1907) showed UADII should not be considered as
an "antigibberellin", and some of its effects may result

from its interference in other metabolic processes.

The growth returdunts CCC and AMO 1618 also affect
GA biosynthesis or action (Carr and Reid 1968, Lang 1970,
Reid and Carr 1367, Reid and Crozier 1970) although a fall
in GA activity after treatment with retardant is .not always
recorded (Grausland 1972). +There is evidence these
retardants also have effects other than on endogenous
gibberellins, and when grapes were treated with CCC it
acted directly on the root meristem to increase cytokinin
production (Skene 1970). The data of Crozier et al. (1973)
established that some of tne effects of AlU-1618 on the
growth of Phaseolus seedlings are uediated by factors
other than inhibition of GA biosynthesis.

Maleic hydrazide (6- Hydroxy -3(2H)- pyridazinone)
is a chemical nighly nmobile in the plant but which unlike
SADH and CCC inhibits norinul apical meristem functions
(division) and therefore affects both vegetative and
reproductive development. It has been widely used to
stop sprouting ot onions in storage, although it has been
used to control shoot growth in apricot (Uriu et al. 1973)
and ornamentals (Sachs et al. 1970). This material also
breaks apical dominance, so plants become bushy, and newly

emerging leaves may be malformed (Sachs et al. 1970, W#u and
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Overcash 1908). slany tieories of the mode of action of
this material have been proposed, but it seems likely

it acts through an effect on the nucleus and not by compet-
ing with, or inhibiting the synthesis of, some simple
metabolite or hormone (fooden 1919).
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B-1 SAP FLOW AND SAP HORMONES.

Translocation within a plant offers the possibil-
ity of materials being re-distributed from areas of
production or storuge to areas of utilisation, and permits
an interdependence of the various parts of the plant
throughout its seasonal cycle of development. In addition
to the widely recognised upward flow of sap in the xylem,
there is also an outward flow in the phloem. The composi-
tion of this sap flow is diverse, including carbohydrates,

amino acids, mineral elements and growth regulators. Not

only is it possible that sap flow rate varies through
the year,
(Carr and rate 1907).

of a plant is affected by,

but its composition may also vary, even diurnally
Because the behaviour of each part
or dependent on, other parts
of a plant, considerable work has been done on the sub-
stances being transferred within a plant and factors
affecting this transfer. Some of the important areas here
include:-

(A Differential mineral element transfer as an explana-
tion of rootstock effect (Jones 1971).

Sap content of growth regulators in relation to

(ii)

ELER

(iv)

(v)

(vi)

(vii)

rootstock effect (Ibrahim
Transfer of carbohydrates
relation to fruit ouality
(Faust et al. 1969, Tromp
Mobilisation and transfer

and Dana 1971).

and mineral elements in
and storage disorders
1975).

of nitrogenous compounds

inrelation to spring shoot growth (Tromp 1970).

The effect of flooding on

sap gibberellin levels

as a mechanism by which stress modifies plant

growth (Reid et al. 1969).

Sap-transported growth regulators in relation to

dormancy release (Bachelard and wightman 1974,

Browning 1973) and apical dominance (woolley and

wareing 1972b).

Sap growth regulators in relation to fruit set

(Skene 1968).
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(viii) The role of gibberellins produced in the roots in
maintaining a juvenile-like condition in shoots
(Schwabe and al-Doori 1973).

(ix) The redistribution of cytokinins in phloem sap,
to plant organs for storage (van Staden 1976).

Clearly, the varying tlow of materials through a
plant's vascular system is involved in a wide range of
plant processes, but in many instances it is still not
clear what role is played by the substances known to be
present in the sap. A full understanding of growth and

development recuires this information.

In addition to being the vehicle for moving materials
to distant parts of a plant, for cnalytical work plant sap
has the advantage of being relatively pure and free of
the many other substances that make purification of woody
tissue difficult. «hen a growing plent is decapitated,
xylem root exudate muy be collected, or bleeding sap may
be collected from an zugzer boring into the branch of a tree.
vome plants produce copious auantities of sap if cut at
certain times, including the gsrape, the kxiwifruit vine,
and the sugar mople - tahe lutter producing a valuble
commercial product, maple syrup. In addition, sap may be
collected from shoot!{ tissue by centrifugation or vacuum
extraction - the composition of the latter apparently

being typical ot exuded sap (Jones 1971).

el oap Flow

In the ecarly cspring, sap flow from fresh cuts can
be high, and tfor this reason it is usual to avoid early
spring pruning in grape and kiwifruit vines. In South

Australia, sap flow in Vitis vinifera starts just prior

to the start of bud burst and continues for about 3 weeks -
when bud burst is complete and new shoots are elongating
(Skene 19v7).
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The sap flow from field grupnes in the spring recorded by
Skene (1967) in Australia was variable, although during
September the flow rates were highest at the early stages
of bud burst. Collecting sap from three out of the eight
canes on a vine yielded 1-1.2 litres a day at the peak,
falling to 400-600cc a day for later harvests, and
finally ceasing if cuts were made at the end of bud burst.
In 60-day old sunflower seedlings the sap flow rate de-
clined only slightly over the four days following decapi-
tation (Sitton et al. 1967).

Water uptuke by plants is, to a large extent
affected by transpiration, and water transport is not
primarily controlled by metabolic functions within the
plant as the amount of water used in metabolism is quanti-
tatively unimportant in relation to the amount transported.
The magnitude of .~ater uptake is also determined by the
resistance in the plant tissues, and this has been dis-
cussed by Kuiper (1964), with particular reference to the
effect of root temperature. The relationship between
water uptake and bleeding sap flow rate is not known, and
since peak sap flows occur before the development of a
transpiring leaf surface, the start of plant growth meta-
bolic activity may be very important in determining sap
flows. Anderson et al. (1970) described root pressure
exudation from excised primary roots of maize by a standing
gradient osmotic flow model.

Because of its economic importance, sap flow in
the sugar maple has been extensively studied, and both
flow rate and composition have been found to vary greatly.
Trees in Ithaca, New York produce sap from autumn to early
spring with highest flow rates in March, and sugar content
greatest in February and/or March (Morrow 1955). Major
reasons for the variation in flow are: weather, heredity,
eXposure, microorganism activity, tree size and vigour,
crown size and openness, and the number and depth of tap
hole (Morrow 1963). Illore recently it has been found
vacuum pumping can substantially increase sap yield
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(Morrow 1972) by reducing friction in the collection
tubing. PFor uniform sap flow between individual trees

it is essential they be selected for uniformity, but
weather conditions will affect the actual flow. There
are indications weather forecasts are valuable in deter-
mining the start and length of the sap flow, and a return
to cold temperatures can markedly shorten the season's
flow (Morrow 1955).

B-2 SAP HORMONES.

It is clear that hormones are transported through-
out an intact plant, no doubt to control specific proces-
ses, although it may also be for the purpose of storage,
or to undergo conversion to other active forms (Crozier
and Reid 1971). GA-like substances and cytokinins have
been detected in the xylem and phloem sap of a number of
plants, and an interchange also appears to eccur- between
these two streams (Lang 1970). Bowen and wareing (1969)
have discussed three possible functions for the GA's
circulating in the stem, namely to support cambial

function, storage and inactivation.

2 ople Gibberellin-like Substances.

A number of gibberellins and cytokinins being
transported in plants have been identified, but the ex-
traction method may have some effect on the substances
being removed. In several instances with woody tissue,
polar GA-like activity is found which does not partition
into acid ethyl acetate but is transferable into butanol
(Goldschmidt 1976), and in Ulmus glabra and Acer platanoides
most of the GA's present in bleeding sap were in a bound
conjugated form (Sembdner et al. 1964). Such GA- gluco-

sides are often inactive in bioassays, and may therefore



be overlooked unless proper extraction techniques are
used. Their presence in sap (Sembdner et al. 1974) and
seeds (Barendse et al. 1968) suggests they are a specific
form of gibberellin for transport and storage.

Gibberellin-like activity in plant sap or tissues
is usually determined by bioassay, following extraction
and purification with organic solvents, and the use of
suitable columns or chromatography. Because of the small
guantities of active material being studied and the
difficulties of purification, it is not usual to determine
precisely which gibberellins of the many known, are present
in each extract. The significance to the rest of the plant
of the gibberellins rising in the plant sap is not usually
clear, and it is probably essential that the identity
and metabolism of endogenous gibberellins be determined if
progress is to be made in this area. ULlany GA intercon-
versions can occur in higher plants (Nitsch 1970) and the
importance of the roots as a site for this process was
shown by Crozier and Reid (1971). Since bioassays vary
in their sensitivity to different gibberellins, work
employing a limited number of tests may present a mis-
leading or incomplete picture of endogenous gibberellin
activity. However, it is clear that plant roots do
supply to the shoots of plants some factor affecting its
growth, and that gibberellins are synthesised in the root
tips and transported in the xylem sap to the shoots (see
Crozier and Reid 1971). As has been indicated earlier,
while root-GA's may have an effect on stem elongation,
they are not the only root factor involved in shoot develop-
ment. Furthermore the role of the roots in GA metabolism
may be more as a site for the interconversion of shoot-
synthesised GA's rather than as a major site of GA-bio-

synthesis
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The level of GA-like substances in plant xylem sap

is low:
Sunflower 0.02 - 0.65 ug GAg equivalents/litre
(Kende and Sitton 1967)
Sunflower, about 1.0 pug/litre
(Phillips and Jones 1964)
Maize, maximum 0.02 mg/1 (Atkin et al. 1973)
Apple, about 0.6 pg/1 (Robitaille 1970)
Apple 0.01 - 0.02 pg/litre

(Luckwill and Whyte 1968)

Analysis are usually performed on root exudate collected

in the first 24 or 48 hours after decapitation, but Sitton
et al. (1967) considered there was no loss in activity over
a four-day period - although it is not clear if this
resulted from continuing synthesis, or the release of
stored gibberellins,

2.2 Cytokinins

Substances with cytokinin activity have been
detected in the sap of a wide range of plants (e.g.
Carr and Burrows 1966, Skene 1975), but a more direct
proof that roots can synthesise cytokinins is that these
compounds accumulate in excised roots cultured in aseptic
conditions (van Staden and Smith 1978). There appears to
be a number of aspects of plant development in which
root cytokinins are involved. Thus, in apple trees, an
increase in xylem cytokinins was correlated with bud burst
and extension growth (Luckwill and #hyte 1968), shoot
senescence was associated with a fall in cytokinins in
sunflower root exudate (Sitton et al. 1967), and changes
occur in relation to flowering (Beever and Woolhouse 1974).
In the bleeding sap of apple, most of the activity is due

to a material with the properties of zeatin riboside,
although zeatin ribotide may also have been present
(Jones 1973). In other instances also, zeatin riboside
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is the major translocational form of cytokinin (Alvim et al.
1976, Davey and van Staden 1976, Hewett and Wareing 1973a),
although zeatin may also be an important constitﬁent

(Davey and van Staden 1976). There may be additional

types of cytokinin transported to the shoot (Kende 1965,
Radin and Loomis 1971). In the leaves of poplar there is

a decrease in the amount of zeatin riboside in the autumn,
and this is replaced by an accumulation of a cytokinin
glucoside (Hewett and Wareing 1973b), which material can be
detected in the phloem sap (van Staden 1976). Using GLC-MS
techniques Horgan et al.(1973) Purse et al.(1976) identi-
fied ribosyl-trans zeatin, trans zeatin, and dihydro zeatin
in sycamore bleeding sap, in addition to other unidentified
cytokinins. Hall (1973) indicated spring maple sap con-
tains isopentenyl adenoside.

Various factors are known to affect the synthesis of |
cytokinins by roots, and their concentration in sap, includ-
ing nutrition, pH, temperature, senescence, stress, photo-
period, variety and season. While cytokinin activity can
increase in buds independently of the root system, the
cytokinins rising in the spring sap may have a role in
emergence from winter rest, and also in the beginning of
shoot growth,

In apple sap, cytokinin activity rises sharply
to a peak at full bloom, and falls quickly to negligible
levels as shoot extension ceases (Luckwill and whyte 1968).
Also using vacuum-extracted sap from stems, Alvim et al.
(1976) found in willow an abrupt peak in cytokinin concen-
tration at the time of floral bud burst i.e. when their
dormancy is broken, and then a rapid decline as shoot
extension begins. No account was taken of actual sap flow
rates, and therefore of the amounts of solute being trans-
ported to the tops of the plants. Howaver Purse et al.
(1976) noted the fluctuations in individual active fract-
ions in sycamore sap over 3 months around bud burst, but
no clear or marked pattern in cytokinin concentration was
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evident.

The level of activity in sap is indicated by various
authors, including:-
Sunflower, peaks of 9—13,ug/litre, kinetin equivalents
(Kende 1965)

Apple, peaks of 280 ug/litre, kinetin eq. (Luckwill
and whyte 1968)

Grape 1-9.6,ug/litre, kinetin eg. (Skene and
Kerridge 1967)

Grape 5-26 ug/litre, kinetin eq. (Skene and

Antcliff 1972)

An eftect of root temperature on the export of
cytokinin from maize was recorded by Atkin et al. (1973)
and in the grape it has a marked qualitative effect on |
sap-cytokinins (Skene cnd Kerridge 1967). The application ‘
of the growth retardant CCC to the roots of the grape plant ‘
increased cytokinin activity in the sap (Skene. 1970). The
concentration and the amounts of cytokinin transported in
the sap declined from the first and second day respectively
after decapitation in Vitis (Skene 1970) and sunflower
(Carr and Reid 1968), and qualitative changes also occurred

during the first three days.



C-1 BUD DURMANCY.

The phenomenon of dormancy is widespread, and
exhibited by such different organs as seeds, buds and
tubers, although the control mechanisms involved in each
of them appear at least homologous. Dormancy occurs in
many deciduous fruit trees, and forest trees, although
citrus trees do not have such a rest period but continue
growing in a seriec of ILishes, between which the lateral
buds are inhibited by correlative inhibition of the leaves.

In woody plants there is a period of active shoot
growth in the summer, followed by a period of impercept-
ible growth, which marks the beginning of the development
of a dormant condition in the buds. At this stage a number
of treatments will result in a resumption of active growth,
but this is not true of the following stage of dormancy
which may include leaf fall, cessation of growth, and
winter rest of the buds. The formation of dormant buds
is promoted by short days in many woody plants, épparently
due to a direct inhibitory effect transmitted from the
leaves (Wareing 1954). Until this dormancy is broken, the
bud is unable to grow under conditions of temperature,
nutrition and photoperiod normally suitable for growth.
However, the time of dormancy is not a period of inert
existence for the buds, but one when a number of changes
occur (Perry 1971).

Doorenbos (1953) has distinguished between winter
dormancy, a nonsystemic inhibitory system present within
the dormant tissue, and summer dormancy of buds which
finds its cause within the plant but not in the buds, and
is systemic. At that time he considered them distinct
physiological processes, but subsequently Tinklin and
Schwabe (1970) suggested their control system may differ
only quantitatively and not qualitatively.

For buds to be released from dormancy they normally
must be subjected to conditions different from those

inducing dormancy - and for many woody species, winter
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chilling is effective. brez et al. (1966) suggested that
bud opening in the spring may be dependent on both a
chilling and a light stimulus. buch a plant remains dor-
mant until it has been subjected to a certain amount of
chilling, although growth frenuently doesn't resume when
this point is reached. The buds zre then in a state of
quiescence until temperatures suitable for growth occur -
and changes in the buds in late winter are the result
rather than the cause of emergence from dormancy. Abbott
(1962) has demonstrated the date of bud break is more
strongly influenced by the time when winter chilling occurs
than by its intensity.

The chilling requirement for a cultivar varies
from year to year, and the rest period in apple and pear
trees is modified by rainfall (Westwood and Bjornstad
1978). It was found that bud burst was accelerated in
incompletely - chilled buds that were either exposed to
winter rain or immersed in water - possibly due to the
leaching of a water - soluble inhibitor from the buds.

Dormancy is usually considered broken when buds
start to grow within 14 days of being placed in environ-
mental conditions suitable for growth, and after rest is
completed it has been found to require progressively less
time than this for bud burst (Seeley 1968 quoted in wWalker
and Seeley 1973). Grape vines behave differently in that
there is no chilling requirement to overcome dormancy,
and although chilling does reduce the time taken for bud
burst to occur, the intensity of dormancy is markedly
reduced before the coldest winter period begins (Antcliff
and May 1961). Brundell (1976) has shown the kiwi fruit
vine has no essential chilling requirement for the termina-
tion of rest, although chilling enhances bud break.

A number of chemical treatments have also been
found effective to some degree in breaking dormancy in
deciduous fruits (Doorenbos 1953), and some of these have
been developed for commercial use (Brez and Lavee 1974).




Thiourea has been found a very effective rest-breaking
agent for peaches; 1in addition, sprays of potassium nit-
rate or a DNOC - mineral oil combination has been found
very effective (Erez et al. 1971). Among the growth
regulators auxins appear to be ineffective; but the
gibberellins can break the dormancy of many seeds, tubers
and buds (Phinney and West 1960) including the buds of
various trees, including peach (Donoho and Walker 1957) -
although they delay bud break of grapes (wWeaver et al.
1961). Although there are reports of ethylene breaking
dormancy of seeds and bulbs, ethylene - releasing chemicals
had no influence on bud break of dormant apple shoots,

and ethylene did not appear to have a role in wound-
stimulated bud break of dormant apple buds (Paiva and
Robitaille 1978). When the cytokinin BAP is applied to
dormant apple tree buds there is an increase in the number
of buds bursting - although this growth is not sustained
(Williams and Billingsley 1970). In work of this type

one must be clear as to whether the agent is actually
breaking dormancy or simply stimulating growth following
the end of dormancy. In pears, GA stimulated bud growth
of dormant pears only if the trees had previously received
enough chilling to partially break the rest period (Brown
et al 1960). The same condition apvlied to the effective-
ness of cytokinin application to stone fruit (Weinberger
1969), although it can be effective on apples (Williams
and Stahley 1968). It could well be that cytokinins'
involvement in dormancy starts only after other prior

changes are induced (Lavee 1973).

i) 9l The Jevelopment of Dormancy.

Day length and temperature are the most important
environmental factors controlling the induction and
breaking of dormancy in woody plants, and in many species,
short days bring about the formation of resting buds.
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In the summer the resting terminal bud of trees,
for instance the peach, can be induced by cultural practices
to renew growth, but later in the season it becomes
increasingly difficult (walker and Seeley 1973). Similarly
Tinklin and Schwabe (1970) working with blackcurrant in
England found three periods of differing behaviour of the
lateral buds. Bud growth was inhibited initially by an
influence from the apex, and then during June and July
the leaves became increasingly inhibitory - when the buds
can be described as in summer dormancy, and lateral buds
are checked by correlative inhibition. In the autumn,
when true dormancy has developed, it is the bud scales
that provide the bud inhibition - possibly because of the
inhibitors accumulated there after, perhaps, formation in
the leaves. Dorffling (1976) considers true dormancy to
develop progressively from correlative inhibition of the
bud, and his data does not support the idea of the in-
hibitor ABA moving from a production site in the leaves
to a site of accumulation in the buds as being the cause
of such bud inhibition. Inhibitor levels are ffequently
found to rise under short days in the autwnn, and to
decrease with winter chilling and the end of dormancy
(Phillips and wareing 1959, Tinklin and Schwabe 1970).

S0 the leaves and the bud scales can be seen to be in-
volved in the imposition of dormancy - although it may
not be only through an accumulation of inhibitors in the
bud. Abbott (1970) has suggested dormancy may result
from the depletion of leaf-synthesised growth promoters
(cytokinin) causing the production of bud scales rather

than further leaves.

1.2 Bud Break

Other parts of the plant may be involved in the
development of bud dormancy, and in its termination. In
Douglas fir seedlings, the initiation of spring shoot
growth and bud activity is related to the level of GA
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export from the roots (Lavender et al. 1973). 1In the
apple, GA-like activity was detected in the sap only just
prior to bud burst (Luckwill and Whyte 1968), and the
cytokinins present in the sap at this time may also have

a role in the emergence from winter rest. Since it is
possible for buds to burst at favourable temperatures, in
the absence of roots Skene (1967) has considered it un-
likely that substances carried upwards in the sap normally
provide the stimulus for bud burst. Further, Hewett and
Wareing (1973a) found cytokinin activity in the buds of
§hgots collected at the end of dormancy can ihcréésé
;édependently of a root system. So, thle the roots did
ﬁpt appear to be an immediate source of cytokinins for

gud growth, it was of interest that in shoots arfificially
chilled (in the absence of roots), bud and sap-cytokinin
1evEIS"E§d not”féach the levels present in norﬁal field-
chilled material (Hewett and wareing 1973a). The buds
gggmselves could be a site of cytokinin synthesis, but
since in the field vacuum-extracted sap-cytokinin level
reached a maximum three weeks before the bud-cyfokinin
peak, Hewett and Wareing (1973a) considered it more likely
these substances were accumulated from the stem. Using
maple seed van Staden et al. (1972) found low temperature
stratification te induce germination caused endogenous
cytokinin activity to increase, which also means this
occurred in the absence of roots, which are usually con-
sidered a major point of cytokinin synthesis. Work with
the grape (Skene 1972) has shown chilling of excised dormant
canes increases the cytokinin level of their sap, indicat-
ing these substances are available to an emerging bud
before a root system is established, or when root supplies

are low.

Working with seedlings of Pistacia chinesis, Lee
and Hackett (1976) found lateral root formation required

the presence of physiologically non-dormant buds, probably
through the effects of bud activity on cambial activity.
This does not indicate a direct role for active new roots

in the termination of dormancy. W#hen mature Shiraz



v

31.

grape vines were observed, it was found that rapid root
growth began ten weeks after bud burst, at which time
shoot growth was half-completed (Freeman and Smart 1976).

Clearly a number of growth regulators are associa-
ted with dormancy, which is no doubt regulated by a
fluctuating balance between them, and thus the metabolic
changes that lead to the onset of, or release from dormancy.
In contrast bud dormancy has also been discussed less
convincingly as being the result of a restriction of nor-
mal gaseous exchange by the covering structures (see
Wareing 1969).

1.3 Growth Regulators and Dormancy.

Using partially purified extracts, bioassays have
frequently been used to assess changes in bud-inhibitor
levels, and the pattern has been for inhibitors to increase
during autumn and winter, and decrease after the chilling
requirement has been met (Phillips and wWareing 1958,
Tinklin and Schwabe 1970). Early work concentrated on the
ﬂLinhibitor and "dormin", and now with the identification
of ABA it is necessary to establish the relationship
between both ABA and inhibitor activity and dormancy. The
fact that ABA application to many woody plants soon trans-
forms the active shoot's growing tip into a resting bud
with typical scales (wareing and Ryback 1970) suggests
an _involvement of ABA in bud dormancy; which is supported

. —

by other similar observations (see Milborrow 1974). 1In
sap extracted from willow stems, high inhibitor and ABA
levels are associated with the onset of dormancy, and
growth in the spring was preceded by decreasing levels
(Alvim et al. 1976). dithout denying a role for other
growth regulators, Wright (1975) has made a detailed

study of changes in free and bound ABA in beech and black-
currant buds, the results of which suggest an important

role of ABA in dormancy induction and maintenance. It
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was found the high autumn levels of ABA declined during
the winter (to levels considered adequate to maintain
dormancy), apparently by conversion to the bound form, and
the level of bound - ABA declined with bud burst and sub-
sequent transport or metabolism. Singha and Powell (1978)
postulated that bud break is inhibited by ABA only if it
is continuously available at above a certain threshold

concentration.

In apricot buds both the onset and the end of rest
is correlated with a decrease in inhibitors (Ramsay and
Martin 1970), and these workers supported a hormone-
balance theory of dormancy control, Like others, they
found gibberellins seemed to be involved, and frequently
there is a reciprocal variation in the levels of inhibitors
and gibberellins associated with dormancy of buds and
tubers (Wareing 1969).

S0 it has been suggested that dormancy ends when
endogenous gibberellins increase, and overcome the effect
of the inhibitors present, and Browning (1973a) suggested
bud ABA may regulate gibberellin supply in the buds. He
identified the stimulus for dormancy release of coffee
flower buds as gibberellin - produced or released in the
buds, rather than supplied by the xylem sap. Since the
increase in bud-gibberellins is most rapid after the
chilling requirement has been met, changes in GA-like
activity may be a secondary, rather than a causal factor
in the breaking of dormancy (Larson 1962 quoted in Perry

1971).

Some authors have recently cast doubts on a role
for ABA in dormancy. work with several species could not
relate ABA levels to changes in photoperiod and the usual
changes in "inhibitor/?" (Lenton et al. 1972), leading
them to suggest it was the level of growth promoters that
changed and resulted in dormancy, and not the level of ABA.
Also using gas-liquid chromatography, Mielke and Dennis
(1975) found free ABA levels in cherry buds highest in the
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autumn, and then declining rapidly. This pattern is very
similar to that in beech and black-currant buds (Wright
1975), except in the latter cases the peak usually occur-
red at an earlier stage of development. In cherry, maxi-
mum ABA occurred when 90% of the leaves had abscised, and
Mielke and Dennis (1975) consider ABA level is associated
with leaf abscission rather than bud dormancy. The cor-
relation in some years between peak ABA and deepest
dormancy would perhaps then be coincidental, although

ABA levels had returned to very low levels shortly before
dormancy was broken. As defoliation prevents the autumn
increase in bud-ABA without affecting rest, and bud-ABA
levels decline similarly at warm (22°C) or cola (4°c)
temperatures, it is considered doubtful that ABA plays a
regulating role in winter bud dormancy of sour cherry
(Mielke and Dennis 1978). Similarly Emmerson et al. (1978)
suggested that if there is an interaction between chilling
and ABA, it is of secondary importance in spring bud burst

of grape.

Reference has already been made to the work of
Hewett and Wareing (1973a), and the model of Abbott (1970),
implicating cytokinins in the breaking of dormancy. In
Betula and Populus bud break is accompanied by an increase
in bud cytokinin (Domanski and Kozlowski 1968). In studies
of seed dormancy also these substances are referred to, as
in Khan's hypothesis (1971) of their playing only a
permissive role in dormancy, and webb et al. (1973) who
suggest endogenous cytokinins are one part of a phasic
process of dormancy terriination. They also make the point
that the state of dormancy may not be determined by the
level of hormone present at one time, but by the ability
for certain sequential changes to occur within the dormant
tissues, and I referred earlier to the possibly meaning-
less determination of levels of endogenous hormone activity.

In discussing dormancy release in poplar buds,
Bachelard and wWightman (1974) suggest this occurs in
several distinct phases beginning with an increase in the
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GA/Inhibitor ratio, followed by increased translocation
and cytokinin production, and finally extension growth.
Cytokinin activity was not determined, but their scheme
requires the presence of roots to supply it. Others,
however have not considered the roots to be the source
of cytokinins involved in bud burst (Browning 1973b,
Hewett and wWareing 1973a, Skene 1972).

In willow stems the sap-cytokinin activity increased
abruptly as the flower buds burst, with another peak when
leaf buds burst, with a low activity being present at
other times (Alvim et al. 1976). Similarly Hewett and
Wareing (1973a) found cytokinin activity in poplar buds
and sap rose sharply at the time of bud burst, parti-
cularly in material field-chilled rather than artificially
chilled. Activity in the sap peaked two weeks before bud
burst, and three weeks before a peak in bud-cytokinin
activity, and it was observed bud cytokinins rose even
when bud burst was induced in the absence of the root
system. Irrigation releases coffee flower buds from
dormancy, and this is accompanied by a rapid increase in
cytokinin activity in stem-sap, followed a day or two
later by an increase in bud-cytokinin. Browning (1973b)
interprets his data as meaning the cytokinin is released
from within the wood itself and not transported from the
roots - similar to the views of Hewett and Wareing (1973a).

Wworking with maple seedlings Dumbroff and Brown

(1976) followed root activity and cytokinin activity
during the chilling period. when plants were maintained
outside, after chilling there was rapid root growth
followed closely by a peak in cytokinin activity in the
lateral roots and stem. Hormone activity declined just
before bud burst, in the usual manner. Dumbroff and
Brown (1976) considered that as cytokinins appeared after
the transition of the buds from the dormant to the quies-
cent state i.e. after the chilling requirement has been
met, they cannot provide the actual stimulus for dormancy

release - although they could well be important for the
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subsequent bursting and growth of buds, - somewhat similar
to the view of Bachelard and #ightman (1974).

C-2 APICAL DOMINANCLE AND CORGBELATIVE INHIBITION.

The growth of a lateral bud may be inhibited by a
correlative influence of the dominant shoot apex, and this
subject of apical dominance is of widespread incidence
and can with value be considered at the same time as the
phenomenon of bud "dormancy". It has recently been
reviewed by Phillips (1975) and discussed by many other
authors (see Shein and Jackson 1971, Tucker and Mansfield
1973, Woolley and wareing 1972b).

In contrast to true dormancy, studies on gravimorph-
ism in fruit trees showed the bud inhibition of normal
apical dominance relationships is readily capable of
being reversed by changes in orientation (Wareing and Nasr
1961). Work with a number of plants, manipulating the
shoots in various ways, has indicated a number of hypo-
theses that do not explain the clearly defined pattern of
bud burst following bending (Smith and wareing 1964a), and
the effects noted were considered more compatible with
indirect theories (than theories of direct action) of the
role of auxin in apical dominance and correlative inhibition
(Wareing and Nasr 1961). These authors found in their plant
system, that proximity to the roots conferred some advant-
age for lateral bud growth, which was not nutritional
(Smith and Wareing 1964a, 1964b). Processes occurred in
the roots to provide some factor which was apparently
capable of passing through the xylem - and while GA3
could partially substitute for the roots, this substance
could be only part of the root-factor complex responsible
for bud burst and growth (Smith and Wareing 1964b). But
in other studies bud growth followed decapitation in the
absence of roots, even when the roots were removed three

days earlier - and the initial bud growth rate was inde-
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pendent of the presence of roots (Nagao and Rubinstein
1975, Peterson and Fletcher 1975). However, Woolley and
wWwareing (1972a) indicute a root factor may be stored in
stem tissue and subsequently be effective in promoting
bud growth. It has been indicated that apical dominance
can be modified either by interfering with hormone pro-
duction in the shoot tip, or by modifying the background
hormone balance within the plant (Shein and Jackson 1971),
It was shown with gravimorphism in willow, that bud burst
was also determined by some imechanism acting between the
bud and the immediately adjacent stem tissue (Smith and
wareing 1964a). It is still necessary to determine the
mechanism controlling the distribution of the root factor
along the shoot, between the various meristems, and
determining their behaviour.

Working with decapitated stem cuttings of soybean
plants Peterson and Fletcher (1975) found bud growth
increased as the length of the stem piece was increased,
and treatment with BAP could not repluce the effect of
the stem, although either carbohydrate or BAP together
with stem tissue increased bud growth. However, the
stem seemed to supply a factor for bud gowth, rather than
one %0 release the buds from their inhibition, and Peterson
and Fletcher (1975) are inclined to believe bud growth was
inhibited by factors other than just carbohydrate supply.
They also indicate a possible auximn involvement, as
placing the long stem segment apical to the bud completely
inhibited bud growth.

In considering apical dominance and how it inhibits
bud development, it is essential to be clear what one is
considering. Primarily one is interested in the initial
release from inhibition, and how this is controlled,
rather than in the subsecuent growth of the bud. Some
studies of apical dominance have studied the control over
lateral shoot growth, and not of bud burst (e.g. Phillips
1971b, Shein and Jackson 1971).
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The growing apical bud of a plant or shoot inhibits
the development of lateral shoot buds, and decapitation
of such a system results in bud growth - otherwise the
buds are inhibited by some other means. Other factors are
also known to modify apical dominance. Gravity plays a
part as orientation of the lateral organ affects bud growth,
and instances have been recorded of nutrient supply reg-
ulating lateral bud development. Removing some young
leaves (but not mature ones) overcomes the inhibition of
axillary buds (Shein and Jackson 1971) - the number
developing depending on the number of young leaves remain-
ing (Crabbe 1972). Between sunmer growth flushes the
lateral buds of citrus are correlatively inhibited by the
leaves, and in Poncirus trifoliata this effect is also
produced by NAA (Stathakopoulos and Erickson 1966 quoted
in Cooper et al. 1969), and defoliation results in bud

break. Similarly in the apple, NAA applied instead of
leaves prevents bud burst while normal bud development
continues (Fulford 1970). Sprays of KGA and BAP are
effective in the absence of the leaves (Cooper et al.
1969). Today it appears emphasis must be placed on the
growth regulators in a study of the control of lateral

bud development.

el Growth Regulators.

(a) Auxin -

In decapitated plants, the inhibitory effects can
be accomplished by applying auxin, which is also synthe-
sised in growing apical buds. This, and the studies of
the effects of inhibitors of auxin transport (Phillips
1975) have indicated a primary role for auxin in correla-
tive inhibition.

The primary correlative signal for the inhibition
of lateral buds appears to be auxin derived from young

growing leaves, and anything else follows from that.
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Working with etiolated stems of pea, Wickson and
Thimann (1958) found physiological concentrations of
auxin completely inhibited bud growth, but the inhibiting
action of auxin could be completely antagonised by kinetin.
The release of buds from inhibition appeared to result from
a fundamental and sudden change, and it was suggested this
resulted from an interaction between auxin and a kinetin-
like substance within the stem. Thomas (1972) recorded
an increased auxin content of the upper lateral buds when
the apex was removed, thus creating a new 'sink' towards
which subtrates would move. This could include a hormone-
directed transport of other growth regulators, and Morris
and Winfield (1972) found 14C-labelled kinetin moved to
the axillary buds of decapitated plants, but not if the
cut stem was pretreated with IAA. So they suggest decapi-
tation resulted in the diversion of cytokinins from
within the plant, to the axillary buds, and so caused their
outgrowth., Similarly the detailed work of Woolley and
Wareing (1972a, 1972c) has indicated a role of auxin in
controlling the distribution and metabolism of cytokinins -
but auxin activity must still be considered the primary

correlative signal.

(b) Gibberellins, Abscisic Acid -
While gibberellin promotes lateral shoot growth

after bud inhibition is overcome (Wickson and Thimann 1958),
it is not clear what, if any, role gibberellins play in

the release of the bud inhibition, or whether they part-
icipate in the maintenance of correlative bud inhibition
(Phillips 1971b). Working with pea buds Wickson and
Thimann (1958) found growth inhibition by IAA was in no

way overcome by GA3, although KGA has some effect in
overcoming apical dominance in citrus (Cooper et al. 1969).

The principal site of ABA synthesis seems to be in
the mature leaves, and so it is unlikely to act as a
correlative signal from the apical bud. But where there is
correlative inhibition of an axillary bud by its subtend-
ing mazture leaf, ABA may be involved, and Dorffling (1964,
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gquoted in white and Mansfield 1977) correlated levels of
extractable "inhibitor 8" with the inhibition of lateral

bud growth in Acer. However data for Phaseolus vulgaris
suggest it is unlikely that ABA acts as a correlative
inhibitor in this plent (White and Mansfield 1977). 1In
Xanthium ABA levels are much higher in lateral buds that
are not growing, and Tucker and liansfield (1973) conclude
it is synthesised in them in response to apically pro-
duced auxin travelling basipetally, and then inhibits bud
growth. Tucker (1977) considered auxin exerted its effect
through its role in hormone-directed transport, and on
the promotion of ABA in the region of the lateral bud.
Working with tomato he found ABA was important in the
control of bud outgrowth, and considered its formation
in the stem (or elsewhere) was induced by auxin.

(c) Cytokinins -

Application of these substances to dormant buds
of apple will induce bud burst (Williams and Billingsley
1970), and they will similarly promote lateral bﬁd growth
of actively growing apple shoots (Kender and Carpenter
1972). Other reports also have shown the ability of
exogenous cytokinins to relieve axillary buds from correla-
tive inhibition (Ali and Fletcher 1970, Sachs and Thimann
1967) - although subseqguent growth may require the presence
of other growth regulators.

The evidence is that decapitation results in the
initiation of new processes within the inhibited buds,
and that similar changes follow the direct application
of cytokinins to buds. This type of growth regulator
apparently plays a fundamental role in apical dominance,
and one could assume inhibition of buds by correlative
inhibition results from a cyotkinin deficiency. However,
this would not make cytokinin the primary correlative
signal for bud growth, for that signal must be the factor
which determines the cytokinin supply to the buds.
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Bud growth could be dependent on the bud's
ability to synthesise cytokinins and Sachs and Thimann
(1967) suggest this is only initiated when auxin from the
apex declines. There is, however, evidence of root-
cytokinins being involved in apical dominance and that
cytokinins are not synthesised in lateral buds on release
from apical dominance (Woolley and wareing 1972a).

It may be that bud growth is dependent on cytokinin
utilisation within the bud rather than its mere presence.
It has been argued factors other than cytokinin are
limiting bud growth, and these inhibitory factors within
the bud must first be mitigated (Nagao and Rubinstein
1975), although they found no increased bud sensitivity
to BAP on decapitation.

The third manner in which an effective cytokinin
deficiency could occur would be where there is a change ‘
in the distribution of root-synthesised cytokinips. ‘
Morris and Winfield (1972) suggest the absence of the apex
results in cytokinins being transported to the newly-
developed centres of growth; similarly Phillips (1968) and
Woolley and wareing (1972c) considered the apex may
attract cytokinins, and so divert them from the lateral
buds. They found evidence that cytokinins do accumulate
in buds before shoot growth occurs, and the auxin is
involved in cytokinin distribution (#Woolley and Wareing
1972c).

In further work it was found that in addition to
influencing cytokinin transport, IAA greatly affects
cytokinin metabolism (Woolley and Wareing 1972a). Thus
IAA inhibited the accumulation of cytokinin in lateral
buds that precedes their growth, and that rather than
causing its accumulcation at the (apical) site of auxin
production, promoted the formation of a cytokinin meta-
bolite in the stem tissues (woolley and Wareing 1972a).



41.

BXPERIMENTAL

sSection 1

oshoot Growth

Using intact plants the first studies recorded
the pattern of shoot elongation, and the degree to which
the presence of leaves controlled stem growth. Further,
the contribution of gibberellins to stem elongation was

assessed by applications of gibberellic acid.

Because of the growth behaviour of the kiwifruit
vine, particularly of some varieties and in some districts,
a full description of the factors controlling stem growth
is desirable - both environmental factors and plant
characteristics. One possible means of growth control
is by chemical regulators, but their use demands-a full
understanding of their effects on the fruiting plant.

A, Shoot Growth of the Kiwifruit Vine

Initially, some observations were made of shoot
elongation in the intact vine, as one aspect of growth

control in this plant.

Experiment 1: 1973/4 - In the spring a number of Abbott
plants produced from rooted cuttings the previous summer

were selected, and pruned to one shoot 8cm long. The
plants were grown in plastic bags of sand in the glass-
house, and watered frequently with a complete nutrient
solution. Wwhen the new single shoot was about 30-40cm
high, it was trained vertically, and treatments began on
l/lQ/73 initially with 8 plants in each treatment. At
this time each plant had about 10 visible internodes above

the first normal leaf.
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Treatment 1l: Control plants.

2: Decapitated - at a point immediately below
the apical bud, and also removing those
leaves not yet unfolded from it.

3: Light defoliation (-2L) - the two upper-
most unfolded leaf blades (the internode
between them being about 3mm long) removed.

4: Moderate defoliation (-4L) - as for (3) but
the next two youngest leaves also removed
within a couple of days.

5: Severe defoliation - removed all unfolded
leaves except the lowest one. Subsequently
all leaves were removed as early as possible
as they were unfolding from the apical bud.

On all plants the leaf corresponding to that re-
maining in treatment 5 was marked, and used as the base

point for all measurements of shoot length.

At the start of treatment the length of each of the
upper six internodes of each plant were measured, and
again at intervals until 23/11/73. The length of sub-
sequent internodes was also measured, and the labelling

system used was as follows:-
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Results

(a) Shoot extension -

Over the 7 weeks following the start of treatment,
mean shoot length in the control plants increased linearly
and was almost identical with that of the -2L and -4L
treetments (Fig.l). Where the plants were continuously
defoliated, mean shoot growth rate was lower, and shoot
extension over the period of observation, was much less
than in the other treatments (Table 1).

However, it will be noted (Fig.ll) using plants
maintained in a flowing nutrient solution culture, over
a shorter period in 1972, that defoliation did not alter
the rate of shoot elongation - in the presence or absence
of GAB'
plants, whereas in 1973, individual plants corresponded

In 1972 there was much more variation between

closely with the mean values shown in Fig.l. This, along
with the additional 14 days observation this year, makes
the 1973 treatment differences more realistic than the
earlier observations. '

In the month following treatment, the level of
extension growth of decapitated plants followed that of the
defoliated plants.

It is clear from Table 1 that continuous defoliation
resulted in a marked increase in the number of internodes
produced, so that finally these plants had an average of
1.97 internodes/10cm stem length, compared with 1.08 in
the control plants. Extreme defoliation also resulted
in a substantial increase in the size of the one remain-
ing leaf, and this was nearly equalled by the increase
in size of the basal leaf of the decapitated plants -
although analysis of variance showed there was no sig-
nificant (p 0.05) difference between treatments in the .
diameter of this leaf on 23/11/73. However, all treat-
ments resulted in a tendency towards increased size of the
basal leaf, over that made by the control plants. A

similar effect on internode number and leaf size was record-



Tahle. 1: Mean

Response to Pruning Treatments.

Initial Initial Pinal Initial

shoot number number basal

length inter- inter- ) leaf %o

(cms) % increase nodes nodes %o diam, Increase
Treatment 2/10/73 to 23/11/73| 2/10/73 23/11/73 incr.| (cms) 23/11/73
1. Control 32.1 709 8.87 28,01 218 8.3 5.06
2. Deczpitate 30.4 - - - - 8.2 9.76
4. -4L 35.7 686 - - - 9.34 8.14
5. Defoliate 33.8 429 8.71 35.677 309 8.87 11.6

++

Analysis of variance: significantly different at 1% level.L.S.D. 3.7

A7
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ed in 1972.

An effect of defoliation on leaf size was also
noted with four other plants, two of which had 12 leaves
removed in order, as they appeared below the apical bud.
The next four leaves were untouched, and at maturity
were larger than the eocuivalent leaves of control plants.
The diameter of the first two leaves were 166% of controls,
and the next two 127% of controls.

Defoliation stimulated the growth of many axillary
buds, but these were removed immediately after bud burst.

(b) Internode elongation -

The effect of treatment on the growth of individ-
ual internodes is shown in Fig 2 and 3, expressed relative
to the equivalent internode of untreated plants.

Removal of young leaves reduced the grov.th rate,
and the final length of the internode above that leaf.
The effect of removing even two small leaves was clearly
noticeable two weeks later - and after 7 weeks was notice-
able only in the internode above the leaf that was smaller
at the time of its removal. Also where four leaves were
removed, the reduction in internode length was most marked
where its subtending leaf was removed at an earlier stage.
Apparently removing a leaf when it is loosely enveloping
the growing tip has a greater effect on subsequent inter-
node length than doing so a few days later.

The removal of a small number of leaves had a very
localised effect, there being minimal effect on other more
didtant internodes, although there was a tendency for the
first internode below the removed leaf blades to be of

increased length.

Each plant head about 10 expanded leaves at the start
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of treatment, and about 12 more expanded leaves at the end
of the experiment. However, when all of these leaves

were continuously removed, to leave only one basal leaf,
the internodes affected were more widespread. Fig. 3
shows that such defoliation results in a series where

each succeeding internode becomes a lesser and lesser
proportion of the comparable control internode length.

Not only were the internodes that were within the apical
bud at the start of defoliation affected, but also several
lower internodes defoliated while still actively elongat-

ing.

WWhen the shoot tip was removed, it resulted in an
increase in the final length of one internode. It had no
effect on the internode immediately below the tip, but
on the next lowest. Later, three further plants were
decapitated and compared with matched control plants.
After a period of 39 days there was a marked variation
between the decapitated plants but usually the length of
each of the three upper internodes was increased; and none
was reduced. Expressed as a percentage of the controls,
means of internode length for internodes one to three
were 235, 132, 156% following decapitation.

On an earlier occasion, close-interval measurements
were made of internode extension. On 17/10/72 a single
strong-growing plant with two similar shoots was selected.
It was grown in the glasshouse, and at the start the
lowest leaf was almost fully expanded. Five internodes
numbered basipetally from number 1 immediately below the
apical bud, were each marked in three parts of egual
length. At 3-4 day intervals the length of each of these

parts was measured.

Results.

EBach shoot behaved similarly, and the pattern of
growth of each internode is shown in Fig. 4. Typical
results for the various parts of each internode are present-
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ed in Fig. 5.

It will be seen that over the two weeks observa-
tions, as one moves basipetally the growth pattern of each
internode is more advanced. As soon as a given internode
became the 7th one below the apical bud, its growth rate
began to fall, and when it occupied the 8th position it

had ceased elongation.

On 1/11/72 internodes 1 and 2 still had an increas-
ing growth rate. In il this high growth rate was occurr-
ing in the upper two-thirds of the internode, that in the
lower one-third having been declining for about 4 days.

In 12 only the upper one-third had an increasing growth

rate (Pig.5).

In internodes 3 to 5 their high growth rate con-
tinued for a time and then levelled off, and as in i1 and
i2 more growth occurred the more distal the area within the

internode.

Experiment 2: 1972 - After stratification, seed of an
unknown variety of kiwifruit was germinated on paper

moistened with distilled water. At various stages after
radicle emergence, 5 - 6 seeds were placed in standard
solution of gibberellic acid, and incubated under fluores-
cent light for 8-13 days.

When stem length was measured, there was clearly
an effect of increased elongation with increased GA3
concentration (Fig. 6). This work was not continued.

Experiment 3: 1973/74 - Healthy, actively growing young
Abbott plants in containers in a glasshouse were selected,

and sprayed to runoff with an aqueous growth regulator
spray and wetting agent.
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Results:

(a)

(b)

(c)

Sprays of either maleic hydrazide (1500ppm), or

maleic hydrazide (1500ppm) + GA3 (200ppm) were applied
to three plants.

Both spray treatments resulted in shoot elongation
ceasing two weeks after the spray application (Fig.7).
The sprays caused a yellow discolouration of the young
leaves one week after spraying, and later an inroll-
ing developed in the tip leaves. When extension
growth stopped, bud burst occurred in the lower
axillary buds. After another month the original

shoot tip had died back, and most of the axillary

buds had produced a shoot up to 150cms in length,
which appesred perfectly normal.

In a comparison with unsprayed control plants, a
spray of 200pvm GA3 to three plants had no effect on
shoot growth rate over 3 weeks.

A similar result was obtained with a further group
of plants sprayed in early December with either 50
or 500ppm GA3.
the growth rate of these plants over a 17 day period
(Pig. 8).

Such a single spray did not affect

Experiment 4: 1973/4 - Four plants growing in the glass-

house in containers were watered on one occasion with CCC

at 2000ppm. Enough solution was added to cause some loss

in drainage.

Results:

Over a 6 week period there was no change in growth

rate of the treated plants (Fig. 9). Half of a similar
group of plants was watered with CCC at lla.m., and

decapitated 2 hours later, and the bleeding sap collected

for two days. In both the first and second day after

decapitation, the control plants produced twice as much

sap as those treated with CCC.
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Experiment 5: 1969/70 - A growth retardant spray was

applied to vines on a commercial orchard in Te Puke, and
observations of vine growth made by the grower.

One spray of S5ADH at 2000ppm was applied to runoff
to one Hayward and one male vine (4 years old) on 14/12/69,
at which time shoots were less than 120cms long, and fruits
were about 25% developed. Two similar vines were also
sprayed with maleic hydrazide (LH-30) at the same time and
concentration.

Observations were then made of shoot growth and fruit
quality of sprayed and untreated vines.

Results
(a) Shoot growth -
In both mele and femzle vines sprayed with either

MH-30 or SADH, a shortening of shoot internodes was notice-
able 10-14 days after spraying, and shoot growth'ceased for
the season after 3-4 weeks. In the following winter,

canes on unsprayed vines were up to 3m long, and ranged
from 60-120cms on treated vines. Bud development appeared
unaffected.

Vines were also sprazyed in November or mid-December
1970. Limited observations indicated a spray of 1700ppm

at these times reduced final shoot length over the vine.

(b) Pruit quality -

Fruit which was picked from treated vines in May
and June 1970, had a good average weight of 105gm, but
only the smaller-sized control fruits (mean 60gm) were
available for comparison. Limited measurements of juice
quality showed no differences between treatments in total
soluble solids, titratable acid or Vitamin C content after
ripening at I8.3°C

Maleic hydrazide nay affect fruit size. wWhen one-
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half of a Monty vine sprayed at full bloom with 1000ppm,
the treated half of the vine produced 41% of the fruits,
but mean fruit weight was only 52% of the controls (I.
Ford pers. comm.).

Measurements of fruit respiration rate were also
made with a URAS infra-red gas analyser. Using two
replicates of each treatment, of 6-8 fruits each, fruit
respiration rate was determined for fruit held at OOCP,
also after dipping in 1000ppm Ethrel+, and also during
ripening at 18.3°C

On all occasions the pattern of fruit respiration
was the same in all treatments (Fig. 10), and the level
of respiration was similar. Usually the unsprayed fruits
respired at the lowest rate, although mean fruit weight
was 61l.1gm compared with 102.5gm for the fruits from
sprayed vines,

(¢) Pruit residues - .

Hayward fruits sprayed with 2000ppm SADH on 14/12/69,

and untreated fruits were harvested on 16/5/70, and pulped

and frozen. Within two months SADH residues were deter-
mined by conversion to dimethyl hydrazide, and then
reacted with trisodium penta cyanoamine ferroate before
absorbance was measured.’ ' (Appendix I).

The method gave a mean of 72.7% recovery with this
tissue, and when applied to eight sample analyses,
represents a mean of 16.95ppm (range 15.6 - 21.8) SADH
in fruits at harvest.

*48% Ethephon

**Residue determinations by R.P. Bade, Ivory Spray Chemicals
Ltd., Nelson
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B: Explant Shoot Growth

Is is now recognized that growth substances may be
synthesised in the roots (Phillips and Jones 1964), and
to some extent foliar applications of gibberellins and
cytokinins (Railton and Reid 1973, Reid and Crozier 1971)
can substitute for the roots. Richards and Rowe (1977)
found a direct relationship between the size of the root
system and the size of the top it supports, and postulated
that the 1limit on top growth set by the roots involves
an internal regulation by the root, especially the
production and supply of growth substances.

The effect of gibberellins on shoot growth was
studied, and their possible substitution for the roots
in controlling elongation. In addition the contribution
of cytokinins and auxin to stem growth was considered, and
the importance of carbohydrate reserves and mobilisation

in supporting growth.

In order to study the control of shoot elongation,
observations were made over several seasons of the effects
of applying various growth regulators. This was
usually done by harvesting l-node stem cuttings (explants)
in the spring at an early growth stage, and immersing most
of the one-year old wood in an aqueous solution, in a
glasshouse, and then observing changes in shoot elongation.

Experiment 1: 1972/73 - In January 1972, Abbott cuttings
were induced to root under mist and then to make limited

shoot growth before the winter. On 5 September they were
transferred into a glasshouse and grown in shallow troughs
in a flowing nutrient solution (Hoagland) for 17 days before
treatments were started. KEach treatment consisted of

eleven single-stem plants, to determine the effect on shoot
elongation of removing the leaves or the roots, or their
substitution with gibberellin or kinetin. Chemicals in
nutrient solution were added from 12 days after the pruning
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treatments, and were changed daily.

Treatment 1 - Intact plant

-~ De-root + GA

- De-root + O.4ppm kinetin

- De-root + GA + O.4ppm kinetin
De-root

-~ Defoliate + GA

- Defoliation

N O W
|

(GA solution contained O.4ppm GA3 + O0.2ppm GA4+7.
Defoliation consisted of removing all leaves except
the lowest true leaf, and also removing any developing

axillary buds).

Results:
The graphs of Fig.ll show the typical growth
responses in each of these treatments.

Intact plants grew satisfactorily and showed the
usual growth curve, but in all cases where the root
system was removed, shoot elongation ceased within three
days. No further elongation occurred when nutrient
solution or kinetin was supplied (Treatments 5,3 ). When
gibberellin, alone, or in combination with kinetin was
added to the basal solution, shoot elongation continued.
In both these cases (Treatments 2, 4) no extension growth
had occurred for 8 days, yet after 3 days gibberellin
induced elongation to recommence, and to continue at a
rate similar to that of intact plants. The presence of
kinetin did not appear to influence this result. Growth
rate declined quickly from about 6 days after ceasing
gibberellin additions (on 17 Oct), 3 weeks after GA treat-
ment began.

The results are summarised in Table 2 for those
plants that remained alive, but due to the variation
between plants statistical analysis was not done.
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Table 2: Effect of Pruning and Growth Regulator Treatment
on Plant Growth (at 1.11.72)

No. Mean no. Mean shoot llean Diam,
Treatment Plants.| internodes length (cms)| base leaf
(cms)
iy Tntmct 8 16.87 94.91 7.64
2 -R + GA 9 8.33 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 22.62 80.34 11.59

It will be seen from Table 2 that removal of the
roots has:-
(a) reduced final shoot length, which has been partially
restored by gibberellin.
(b) reduced the size of the oldest leaf, and
(c) reduced internode number, but to a slightly lesser

extent where GA was added.

Over the period of observation the relation of
final shoot length to original shoot length in de-rooted
explants was 1.2 and 3.4 and 3.8 respectively where water,

GA or GA + kinetin was added.

Where the leaves only were removed, the plants
varied in their behaviour, but in the presence or absence
of exogenous GA (Treatment 6, 7) there was no noticeable
effect on shoot growth rate or final shoot length. It
appears from Table 2 that in these plants with a reasonable

growth rate, defoliation:-

(a) increased the number of internodes per plant, and
(b) increased the size of the one remaining leaf.
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Experiment 2: 1973/74 - Again small Abbott plants from
cuttings rooted the previous summer were used, and ex-

plants taken from them soon after shoot growth began the
following spring. Eleven days later the hardened shoots
were placed in a shaded glasshouse, in vials of aqueous
solutions which were changed 3 times a week. Treatments
consisted of 11 explants each:

Treatment 1 0.6ppm GA3

O.b6ppm GA4+7

O.4ppm GA3 + O.2ppm GA
O.6ppm GA3 + 1O0ppm BAP
iWater control.

4+7

U W N

Results:

A number of explants did not survive for the whole
period of observation, but any treatment supplying a
gibberellin promoted shoot elonguation and also d;d so in
the rresence of a higher concentration of a cytokinin
(Fig. 12, Plate 1).

The rate of shoot growth was clearly increasing
from about 8 days after the first GA application, and had
virtually ceased cfter 6 weeks of treatment. But there
was considerable variation in final shoot length, between

different explants.

Initially mean shoot length was similar in all
treatments, and «t the final recording it was unchanged
in the untreated controls, however it had increased by a
factor or 2.3, 2.3, 2.2 and 1.7 in treatments 1 to 4.

Associated with the GA-induced elongation there
was an increase in the number of visible internodes -
GA increased the mean number (1/10/73 - 10/11/73) by 4,
and by only 3 internodes with the application of GA and
BAP together.
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PLATE I: THE EFFECT OF GIBBERELLIN ON SHOOT GROWTH OF A
KIWIFRUIT CUTTING — 47 days treatment.

Left — Control, Mid - GA4/7 Right - GA3/4/7

Arrows show shoot length at start.

RNIRT

PLATE 2: THE EFFECT OF PRE BUD BURST APPLICATION OF
HORMONE ON SHOOT GROWTH, — after I8 days.

C Control, G GA3 B BAP
Arrows show flower buds.
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At the end of the experiment the current season's
shoot of each explant was divided into stem and leaves,
and the separate oven-dried weights determined (Table 3).

For each treatment total dry weight was the same, but, in
treatment 1 to 4 leaf weight was 84% of the control, and
stem dry weight 129% of the control - although the dif-
ferences in stem and leaf weights just failed to reach

significance (p = 0.05).

Table 3: Effect of Growth Regulator Treatment on Explant
Mean Dry Weight Distribution

Shoot length(cms) Dry weight (gm)
Treatment Start End Stem Leaf Total
1 - GA3 6.88 15k g0 0.376 0.823 1.199
2 - GA4+7 T.14 16.76 0.380 0.843 L.l228
3 - GA3+4+,7 6.65 14.37 0.336 0.767 1.103
4 - GA3+BAP T7.64 13.10 0.317 0.735 1.052
5 - wWater 7 .30 T.47 0.273 0.935 1.208

Following bud burst on amn explant the total number
of leaves/primordia increases, but no further increase
occurs during GA treatment. Winter (August 1976) Abbott
buds contained 17 leaf primordia, which rose to 23 (mean)
after shoot elongation ceased. After further shoot exten-
sion in response to treatment with GA3, there was no
change in the total number of leaves and primordia. 1In
the field long shoots had in excess of 40 leaves in Feb-

ruary.

Experiment 3: 1973/74 - Similar chemical applications were

also made to one-node explants of the variety Bruno. In
this case, wood was collected in the field in late July

and early August, before bud break, and treatments began
after initial shoot growth had ceased.
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As on other occasions gibberellin (GA3 GA4+7 or
GA3+4+7) caused a marked increase in shoot length - in
the presence or absence of BAP, and BAP alone had no

such effect.

When shoot cuttings were used in this manner they
were cut to a similar length of about 6cms, although there
was some variation in shoot diameter. Records were kept
of these Bruno cuttings to examine their contribution to
new shoot growth. Data for three separate late-winter
harvests of wood from mature vines is shown in Fig. 13.

The maximum length of the new shoot is shown plotted against
the volume of the original explant determined from length

and diameter measurements (assuming a cylindrical shape).

In each case a good linear relationship exists
with the larger explants producing the longest shoot

before extension growth ceases.

The contribution to shoot growth made by %he pre~
vious season's wood was also shown with a acuantity of Bruno
wood harvested shortly before bud burst on 31/8/73. The
freeze-dried weight of this wood was 49.84 of the fresh
weight. wood was also held as explants until the new shoot
growth had ceased, when the extension growth was removed
and the original cutting freeze-dried. It was then 37.2/

of its original fresh weight.

This indicated that lkg (fresh weight) of shoot
material harvested close to bud burst, lost 125gm of
freeze-dried weight (or 254 of its total freeze-dried
weight) in supporting shoot extension. At that point

shoot elongation ceused.

Experiment 4: 1975/76 - Ubservations were also made

where growth regulator treatment commenced before bud

burst.
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Results:

Using one-year old wood of Bruno collected in
the field on 11/8/75, a few days before the first signs
of bud burst occurred, early shoot growth was affected by
standing immediately in a solution of 50ppm GA3. So that
_ three weeks later:-

Control: 100% buds burst, their mean stem length was 1.0cm
+GA : 96% buds burst, their mean stem length was 2.9cm

3

The effect of hormone treatment being to accelerate the rate

of bud growth, and to increase stem length.

A further collection was made on 25/8/75 of Abbott
wood at the same stage of development, and one-node cuttings
were immediately held under continuous fluorescent light in
a heated room as follows:-

Treatment - water
- GA3 50ppm
BAP + GA3 each 50ppm
— BAP 50ppm

S~ w o
|

After 25 days only 58#% of the buds had burst in
each treatment, but many of the explants treated with
gibberellic acid (Treatment 2, 3) had produced a shoot 7cm
long. In contrast, BAP and water explants had produced
shoots of very compact growth viz. about l.5cms. It was
also very noticeable that GA3 had altered the type of
development that occurred. Whereas the controls had large,
dark green leaves and several prominent flower buds, GA3
produced very small narrow leaves of pale green colour,
and there was no sign of axillary flower bud develop-
ment. (Plate 2).

In an experiment using Abbott explants, harvested

on 5 August, and treated from 31 August:-
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(a) 2ppm GA3 caused a marked resumption of shoot growth

(b) A hormone mixture of 2ppm GA3, 3ppm diphenylurea,
O.5ppm NAA was phytotoxic, so the effect of such a
combination could not be determined.

Experiment 5: 1975/76 - In this instance, the main purpose
was to observe the role of auxin in explant shoot growth,

using one-node cuttings held in agueous solution in a
cabinet held at2I.I- 22.2°Cand a l6-hour day.

In some cases PCIB (p-chlorophenoxyisobutyric acid)
was used, but there was considerable difficulty in achiev-
ing a suitable concentration as high concentrations rapidly
caused wilting and death of new shoot growth.

(a) Dormant Abbott wood was collected on 5/8/75 and held
in water as one-node cuttings until shoot elongation had
stopped, and treatment began on 31/8/75 with 18 explants

per treatment:

Treatment 1 - 10ppm IAA
2 - 2ppm GA3
3 - 2ppm GA3 + 1O0ppm PCIB
4 - 2ppm GA3 + 50ppm PCIB

Wwater control

Ul
I

Results:

There was no resumption of shoot elongation on the
addition of IaA (Fig.l4). Many of the explants did not
survive, especially in treatments 2-4. Several explants
responded to GA3 alone, und the effect of including PCIB
was not clear, although there were indications that shoot

elongation could continue in the presence of this material.

(b) A small quantity of wood of three varieties was taken
from the cold room (4°C) on 25 Uctober, where it had been
for 3 months, and used in a similar test - with a total of
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34 explants to each treatment:

Treatment 1 - ater control
2 - GA3 S5ppm
3 - 5Sppm GA3 + O0.2ppm PCIB

These explants also were held in a heated lighted cabinet

in small jars of solution, and consisted of':

Hayward - 16 explants I'reatment started immediately,
pre-bud burst.
Tomuri - 7 explants Chemical treatment began 6 days

Ifatua 11 explants later, when bud burst had been

completed

Results:

Almost 100% bud burst was recorded. On 13 November,
after 2 or 3 weeks chemical treatment, shoot growth of a
very few explants was wilting and dying. Another week
later most of the male explant's growth had collépsed,
and this was not associated with the presence of PCIB.

The results for two varieties are shown in the form
of a scatter diagram (Fig. 15), where the calculated volume
of the cuttings is plotted against the maximum shoot length
by 18/11/75.

There is some variation within each treatment, but
there appears to be a clear trend in response to treatment
shown by all varieties, especially with Matua.

The application of gibberellic acid alone, or in
combination, increased shoot growth compared with the
controls. The effect of rCIB was to reduce the level of
growth stimulation brought about by GAB’ without preventing
all the response to GAB' thus PCIB allowed the explants
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to make their normal growth, plus some response to GA3.
Even when PCIB was present from before bud burst (Hayward)
bud burst and shoot elongation was not prevented.

Experiment b: 1975/70 -~ A preliminary test in 1974 had
indicated a fall in starch and reducing-sugar levels in
one-year old wood as a result of the shoot growth made by

a bud on a stem cutting.

It was decided to further investigate the relation-
ship between explunt shoot growth, and changes in the
carbohydrate content of the one-node cuttings used.

Methods.

Determinations were made of soluble sugar and poly-
saccharide reserve levels following methods used by
Robinson (1975) - as adapted from Priestley's work
(Priestley 1965, Flood and Priestley 1973). Some modi-
fications were made to the technique, including the use
of a dinitrosalicylic acid reagent (iMiller et al. 1960)
for the determination of reducing sugar activity. Samples
were compared with a series of glucose standards.
Preliminary work indicated the suitability of the method
used, which is shown in Fig 1l6.

Notes for Fig. 1l6:

(a) PFor refluxing, the sample was placed in a round-
bottomed flask with anti-bumping chips, on a heating
mantle, and kept gently simmering. A filter funnel filled
with glasswool and glass chips was placed in the top of
the flask.

(b) An 8cc aliquot (2 replicates) was mixed with 2cc of
dinitrosalicylic acid reagent in a test tube, heated on
a boiling water-bath for 8 minutes and made up to 1lOcc.
Absorption was read at 640mu on a Hitachi spectrophoto-

meter.



4.

5gm Fresh wt.
Grate into 250cc flask

Add 75cc 80% MeOH
Reflux 6 hours. (a)

Cool
Residue Methanolic solution
aAdd 50cc ‘I'CA liake to 100cc
reagent.(c) with D/W in 100cc
Reflux 23 hours. volumetric flask
Cool
Solution Residue

Add 30cc b/
Reflux 43 hours

Residue Soluble sugar determina-
tion (Db)

Solution
Make to 100cc Dry and weigh

Reserve polysaccharide
determination (d)

Fig. 16: Extraction of Soluble Sugars and Reserve

Polysaccharides.
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In a test with acid hydrolysis of this soluble sugar
fraction (1N H2304, heated on water bath 20 mins) there
was no significant increase in activity, suggesting
sucrose was not an important constituent of this extract.

(c) TCA reagent: 10gm TCA (Trichloracetic acid)
20cc llethanol
- made up to 200cc with distilled water.

(d) Priestley (1965) indicated the TCA/Methanol hydroly-
sis of starch produces mainly glucose, fructose and ara-
binose, and the hydrolysate was assessed similarly as in
(b) above. Duplicate alicuots of 2cc of solution were
added to 2cc dinitrosalicylic acid reagent, nnd made to
10cc after heating.

Also 2cc of each solution was streaked on Whatman
3MM chromatography paper, and run (ascending) 20cms with
diethyl ether to remove the TCA. A paper strip 2.5cm wide
each side of the baseline was eluted with 10cc distilled
water by holding in a water bath at 100°¢ for 1 hour.

The eluant was then tested as usual.

Une each occasion a series of glucose standards
was also tested to give a linear standard curve on log-log
paper.

For this experiment dormant wood of the variety
Abbott was collected in the field on 5/8/75, some of which
was placed in a lighted cabinet at 21.1° as one-node cuttings
in water. When shoot growth had almost ceased (31 August)
some explants were stimulated to make substantial further

extension growth by the regular addition of GA3.
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Sampling was as follows:-—

PTreatment 1 - Dormant wood, harvested 5/8/75
2 - Control. Yampled on 31/8/75 after normal
extension growth ceased
3 - Control. Sampled 2/10/75.
4 - ood sampled on 2/10/75 after GAB_

stimulated growth had occurred.

In each case, only the original one-year old wood
(excluding buds) was sampled. There were three samples per
treatment, each taken from two different explants. After
harvest all samples were weighed and stored in absolute
methanol in the deep freeze, until all analyses were done
together in mid October.

Results:

These are summarised in Table 4. The dry weight,
as a percentage of fresh weight, fell from 27.3% in dormant
wood to 22.4% on 31 August in supporting bud groﬁth, and
this remained at 23.8/ in the two final samplings.

Similarly the measurement of starch reserves show
they fell in supporting the initial shoot growth, but that
no further significant change occurred when further shoot
extension was stimulated by o« GA3 application. Apparently
this GA-induced growth was not made at the expense of the
carbohydrate reserves in the original cutting, and GA
did not increase the proportion of reserve carbohydrate
that was mobilised for shoot growth.

Measuring "starch reserves" directly, or after

chromatography gave very similar results.



Table 4:
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Changes in Explant Carbohydrate Levels.

(Mean glucose eauivalents gm/100g Dry wt.)

As % Dormant wood
Soluble Starch Sugars. Starch
Wood sample sugars., Treserves
5 Aug. Dormant 12.06 11.67 a - -
31 Aug. Post growth 7.88 5.51 b 65.3 47.2
2 Oct. Post growth 8.33 4,76 b 69.1 40.8
2 Oct. Post GA3— growth 8.22 5.38 b 68.2 46.1

Analysis of variance -

Differences soluble sugars non-

significant (5%).

Differences starch significant

(1%), treatment differences deter-

mined by Duncan's Multiple Range

test (1%).




78.

DISCUSSION

Shoots of the kiwifruit plant show the normal
sigmoid growth curve, and although no records of seasonal
growth patterns were obtained here, the effect is indicat-
ed for plants in Figs.7, 8 and for individual internodes
in Pig. 4, and such a growth curve was recorded in the
field in limited measurements by Davison (1971). He
noted the difference between the weaker growing Hayward,
in which shoot growth essentially ceased for non-fruiting
shoots at the end of November, but in the stronger growing
Monty, growth rate of fruit-bearing shoots declined in late L
January. The male clone Alpha appears more vigorous
than Hayward because it produces a greater proportion
of indeterminate shoots during a growing season (Brundell
1975a). This may have a parallel in apple trees, where
scion shoot growth on smaller, slower-growing trees (brought
about by the presence of a dwarfing rootstock) ceases
earlier in the summer than in more invigorated trees, and
in the former, growth is restricted to a smaller number
of growing points (Avery 1969, Robitaille 1970).
Similarly a lateral of the Hayward variety produces a
significantly lower percentage (45.5%) of flowering shoots,
(ie. bud burst) than do four other more vigorous pistillate
varieties (72%) (Brundell 19754).

It would be of interest to determine the distribution
of photosynthates from a shoot, and the leaf contribution
to fruit growth. The early development of mature leaves on
a determinate shoot would make photosynthates readily
available for export to their developing fruitlets (Hansen
1967), a situation seen to occur in the apple tree. By
contrast a slower leaf development on elongating indeter-
minate shoots, and a strong retention in the shoot tip of
photosynthates from the apical leaves (Hansen 1967), may
place developing fruits on this type of shoot at a relative
disadvantage, to be reflected in a reduced potential for

large fruit size.
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No attempt was made to record or account for the
presence of both long (indeterminate) and short (determinate)
shoots on a vine (Brundell 1975a), where the termination
of growth and abscision of the terminal bud occurs pre-
maturely to form the determinate shoots. Activity in the
sub-apical region plays a large part in determining stem
length (Sachs 1965), and the development of long-shoots
has been found related to the greater rib meristem activity
in the sub apical region than is associated with short
shoots (Gunckel and wWwetmore 1946). This may reflect
differences in growth regulator activity, including gibber-
ellins (Sachs and Kofranek 1963), and Critchfield (1970)
has provided circumstantial evidence of a dominant and
distinct role of auxin in controlling the extension of
long shoots. Jankiewicz (1972) has proposed a system in
which auxins, gibberellins and cytokinin interact such
that there is a differentiation between long shoots and
short shoots on a plant. when the dwarf French bean and
the sweet pea are treated with gibberellin, apical domin-
ance is strengthened, since instead of aborting, the apical
bud continues growing (Brian 1959). One could then enqguire
whether short and long shoots would respond differently to
exogenous GA application.

In a study of the cessation of apical growth and
shoot tip abscission in Salix, it was found they were
delayed by growth retardants or applying GA3 to the apex
in spring, while ABA and kinetin had no effect (Junttila
1976). This is further evidence that GA may play an import-
ant role in the regulation of shoot tip abortion, possibly
by ensuring the apex is a strong "sink" able to compete
with the developing axillary buds and leaves.

Decapitation
Removal of the tip bud from vigorously growing young

plants reduced the rate of growth of the main stem due to
the removal of the apical source of growth hormones, along
with the loss of the site of cell division and new leaf

primordia. Fig. 2, indicates that initially growth in the
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uppermost internode was reduced, and although it was not
determined here, the literature suggests this was due to
the loss of gibberellin-like substances (Fulford et al.
1968, Lockhart 19¢4). iihen GA3 was applied to the decapi-
tated stem of sunflower, nea and bean plants, internode
growth was maintsained at the same level as control plants,
whereas auxin was ineffective in substituting for the apex
(Jones and Phillips 1966, Lockhart 1957, 1964, Phillips
1971). So there was here an indication that extension

of the distal stem internode was affected by factors
originating in the apex - no doubt gibberellins produced
by the youngest leaves are an important component of this

control.

However 8 weeks after decapitation the only marked
effect was on the internode second from the top, which
was markedly longer than in the control plants (Fig. 3).
Apparently growth factors from within the plant favoured
this extra growth, which was also obtained in a subsecquent
test when decapitation increased the length of each of
the upper three internodes. This is in contrast to several
other studies where decapitation reduced the length of the
upper internodes (Barlow and Hancock 1955, Jones and
Pnhillips 1966, Lockard 1956).

Defoliation

Total shoot length was unaffected by the loss of
only two or four young leaves, but a continuing and almost
total defoliation resulted in a considerable reduction in
stem growth (Fig. 1). However when similar observations
were made over a shorter period in the previous year,
this effect was not noticeable. 5o while severe defoliation
caused a loss of photosynthetic tissue and of sites of
growth regulator production resulting in reduced stem
height, any similar initial effect of very light defolia-
tion was negated by subsequent growth.

Severe defoliation resulted in a reduction in the

elongation of many internodes, extending from about three
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internodes below the apical bud at the start of treatment,
up to the last internode measured (Fig. 3). In addition,
this treatment greatly increased the total number of in-
ternodes produced by these plants (Table 1), each succeed-
ing one being of increasingly reduced size compared with
control plants Figs. 2, 3). This effect has also been
recorded in apples, where the successive defoliation of

an apical leaf reduced the size of the internodes in this
region at the end of the season (Barlow and Hancock 1955)
The effect in apple also was greater, the greater the
number of leaves removed, with the shortest internode
being immediately above the last leaf removed - with
following internodes showing a gradual recovery. Brundell
(1975¢c) using hardwood cuttings of kiwifruit noted that
continuous defoliation increased shoot length and inter-
node number, especially where treatment began early.

While near-total defoliation affected the growth
of a large number of internodes, the early removal of
either two or four leaves had a similar but more restricted
effect. As recorded by Barlow and Hancock (1955) the
internode most reduced in size was that one immediately
above the last leaf removed, which leaf was also the
smallest one at the time of its removal.

It is clear a young leaf plays a major part in
determining the final length of an adjacent internode,
specifically of the internode above the leaf. Barlow
and Hancock (1956) proposed that an "internode factor" Y
produced by an immature leaf controlled extension of the
two internodes above it. Further, while an expanded leaf
has some effect on later internode growth, it is when the
leaf is very small and forms part of the apical bud that it
is exerting its greatest effect on final internode size -
an effect that moves acropetally. The loss of many larger
leaves affecting internode growth over a long distance
was also noted by Barlow and Hancock (1956), and they
postulated the effect was primarily due to a loss of
photosynthates. The effect of removing a mature leaf
is most likely to be due to reduced availability of
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photosynthates, and that of removing immature leaves to
changed hormone levels which lower the tissue growth rate
(Barlow and Hancock 1955).

There was a tendency for the internode below the
lowest leaf removed to be of increased length, and this
effect was strong following decapitation (Fig.3). Table 1
also shows that defoliation treatment caused a relatively
large but non-significant increase in the size of the basal
leaf, and in later observations where twelve leaves were
removed at an early stage, there was an increase in size
of the next four leaves produced, compared with control
plants. The effects of defoliation on stimulating axillary
bud burst, increasing leaf production, and increasing leaf
size indicates an attempt by the plant to re-establish its
root/shoot ratio, effects to be expected when centres of
utilisation are removed (Barlow and Hancock 1956). Brouwer
(quoted in Richards and Rowe 1977) indicated that in a
given situation an equilibrium exjists between the top and
the root, and that when any external factor disturbs this
equilibrium, the plant reacts to reestablish it as soon as
possible. In considering such compensatory growth in plants
one can accept Wareing's (1970) view that it indicates there
is an efficient mechanism for controlling the relative
growth of shoot and root, so as to restore the balance
typical of those environmental conditions. The emphasis
is on there being a root-shoot interaction in this growth
response - since metabolites move in both directions
between the roots and shoots, it is possible for an inter-
play between them to operate to maintain this balance in
growth. Wareing (1970) then argues from several obser-
vations that is is possible some of the effects of defolia-
tion result from a change in the relative supply of root-
cytokinins, due to the loss of some of the sites competing
for them. One may also have expected these plants to show
some reduction in root growth (Maggs 1965), for in apple
trees defoliation most heavily penalised the roots, as the
dry weight then accumulated in the nearest utilising region

which was the stem,
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In terms of internode elongation the literature
indicates a major role for gibberellin-like substances
produced in the apical leaves. These results indicate
that at the stage that a leaf is just separating from the
apical group it is exerting a stong effect on internode
growth, and the work of Thrower (1962) showed this is the
stage that a leaf has a rapidly-increasing import of C-
assimilate from lower leaves. This may indicate that when
an apical leaf is removed, a localised deficiency of
assimilates is resposible for reduced cell extension and
internode growth, and that this deficiency is brought
about by the loss of leaf-synthesised gibberellins, which
are known to be active in controlling metabolite distibution
(see Hoad and Monselise 1976, Quinlan and Weaver 1970).
Brundell (1975c) also has indicated the likelihood of leaf
effects on flower bud and shoot development in cuttings
being expressed through a hormonal control of metabolite

transport.

The further away from the apex an internode becomes,
the less effects its subtending leaf has on its size.
After a period of rapid elongation, an internode ceases
extension growth, and this occurs in small plants when it
becomes the eighth internode below the apical bud (Fig. 4).
Within an internode it was found (Fig. 5) the growth rate
was highest in its upper part and lowest in its proximal
part, and elongation ceased first in the lower part of

an internode.

Growth regulator effects

The above considerations indicating the likely
involvement of gibberellins in shoot growth were supported
by the demonstration that the growth of kiwifruit seedlings
was increased by GA3 in a manner similar to that of lettuce
seedlings (Prankland and Wareing 1960). Apparently endogen-
ous gibberellin acivity was limiting stem growth in seed-
lings, although this was not shown to be the case with
older plants (Experiment 3). There was no recorded effect



84.

on stem growth of spray of GA3 at 50, 200, or 500ppm,
and the limited observations made did not indicate that
any of the inhibitory effect of a maleic hydrazide spray

was overcome by a GA3 spray.

Gibberellins (usually GA3) have frequently increas-
ed shoot growth, and the magnitude of the effect is de-
pendent on the dose, which may be given in several applica-
tions. When GA was applied to pears (Modlibowska 1966)
and apples (Luckwill 1968) it had no effect on primary
shoot growth, but it destroyed the apical dominance and
caused the lateral shoots to grow away. Kato and Ito
(1962) found foliar sprays of GA3 promote shoot elongation
of apple trees that have not ceased growth, but the effect
may sometimes be limited. It has been demonstrated that
linear growth on young apple plants was increased only
by more concentrated GA3 sprays, and especially if sprayed
as many as 17 or 33 times (Powell et al. 1959).

In conifers, non-polar GAs are very effective in promoting
sexual differentiation, but as they are rapidly meta-
bolised within the plant, exogenous applications are
effective only when made at high dosages in continuous

or frequent treatments (Pharis and Ross 1976). The

absence of a response by the kiwifruit was presumably due
to inadequate levels of suitable GA being attained within
the plant, rather than signifying a non-requirement of GA

for shoot extension.

While the growth retardant CCC restricts the shoot
growth of many plants it was not shown to restrict growth
of kiwifruit plants, and further observations of its
effect is required. Its use did restrict the production
of bleeding sap, and it is to be expected it would have
some effect on growth or development of this plant. Wwhile
CCC appears to have some effect on plant gibberellins
(Reid and Carr 1967, Reid and Crozier 1970), the extent to
which this accounts for changes in plant growth is unclear.
There is also debate on the mechanism of action of the
growth retardant S5ADH, but there are many reports
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indicating a system based on changes in endogenous
gibberellins (eg. Ryugo and Sansavini 1972). The suggest-
ion that SADH-induced growth retardation follows from a
reduced supply of photosynthates, which is associated
with a fall in apical GA levels (Hoad and Monselise 1976)
provides an identical explanation to that made earlier to
describe the effect of defoliation in reducing internode

growth.

Experiment 5 demonstrated that SADH is an effective
retardant of kiwifruit shoot growth, and these initial
observations suggest this treatment could find a place
in mature plantings of vigorous vines. No record is
available as to whether a SADH spray affected fruit size,
but tests indicated fruit residue levels were low, and
guite possibly acceptable. Fruit quality was not shown to
be affected, but the fact that respiration rate of treated
fruits was consistently higher means that the effect of
SADH on fruit quality reouires more detailed study.
Whereas in the apple a SADH spray reduces the reépiration
rate of the fruit, such a spray advances maturity of the
peach and an early season spray markedly increases the
post-harvest respiration rate of this fruit (Looney et al.

1974).

The mode of action of the growth inhibitor maleic
hydrazide is uncertain, but appears likely to differ from
the retardants, although its application may reduce GA
activity, and its effects on growth have been reported
to be negated by gibberellin (Brian 1957). As occurs
in other plants, maleic hydrazide promptly stopped shoot
growth, and caused dieback of the shoot and growth of
lateral buds, but at the concentrations used GA did not
modify the MH effect.

Using mainly stem cuttings (explants) further
observations were made of growth regulator effects on stem

growth, particularly the gibberellins.
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Defoliation

Intact plants growing in a flowing nutrient solu-
tion continued to make good growth which was not apparent-
ly affected by continuous defoliation (Fig. 11), a situa-
tion somewhat different from that already recorded in
another experiment. 'The reason for the discrepancy is not
clear, except that in the presence of leaves, initial
growth rate of the stems was generally greater, and none
made as little growth as some in the defoliated treat-
ments. As on the earlier occusion, defoliation increased
internode number and increased the size of the one re-
maining leaf.

The continuous supply of a low concentration of
GA to the roots of defoliated plants had no effect,
which perheps indicates these exogenous GA's were no
substitute for the leaves in the control of internode
extension.

Root removal

When the roots of young mctively-growing plants
were removed, stem elongation ceased almost immediately,
and no further growth occurred. Such an effect is not
unexpected, and has been attributed to the loss of a
major source of the growth substances essential for shoot
growth (Carr et al. 1964, Crozier and Reid 1971, Smith
and wWareing 1964b). Supplying a low level of kinetin did
not stimulate stem growth, and hence was unable to sub-
stitute for the roots. However it was very clear that
when GA alone, or in combination with kinetin, was
applied to the buse of de-rooted plants there was a
prompt resumption of stem growth (Fig. 11). Treatment
with a gibberellin mixture substantially increased the
stem length of shoots that had ceased growth, and in
this respect replaced the effect of the root system.
Three weeks after the first addition of GA, elongation
had almost ceased, which may have been due to the with-

drawal of this hormone. However 1t was subsequently
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found (Fig. 12) that after a period of GA-induced response,
elongation ceased in the continued presence of this hormone,
It has been similarly recorded elsewhere that this response
to GA is shortlived,and that unaccountably growth ceases
after a certain maximum increment (Smith and Wareing 1964b,
Wwickson and Thimann 1958). In view of later results, it
will be suggested growth of explants ceases when the
carbohydrate level available for transport in association
with the induced active growth centre, becomes limiting.

It was also shown in BExperiments 2, 3 and 4 that
"the gibberellins (GA3 or GA4+7)
ing increased stem growth of shoots that had ceased growth,

were effective in stimulat-

and in the absence of roots. Lspecially at a higher con-
centration (50ppm) GA3 promoted extension growth, and if
applied before bud burst it accelerated the rate of bud
growth., The additional extension growth was most notice-
able in the internodes within the shoot's apical bud, so
that GA resulted in about four more leaves being detached
from the apical bud. However exogenous GA seemed to have
a limited and localised effect in increasing elongation
below the tip, without stimulating growth processes at
the apex. Thus during GA-induced growth there was no in-
crease in the total number of leaves and leaf primordia
on a detached shoot, whereas in the field there was a con-
tinued production of leaf primordic at this stage of a
shoot's growth.

In detached applc shoots, cytokinins consistently
enhanced primordia production (Jones O.P. 1973), but its
effect on kiwifruit shoots was not determined. So while
one might suggest that in some respects GA produced an
effect (ie. growth) that would otherwise be seen in the
presence of & root system, il did not fully reproduce the
growth behaviour of an intuact plant. To explain a similar
situation in willow, Smith and dareing (1964b) suggested
another root-produced factor is also reruired, which can
be produced by uctive root primordia.
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wWwork with a range of plants indicates that in
addition to the young leaves being a source of GA's,
roots also can synthesise them and then export them in the
xylem (Carr and ieid 1968, Carr et al. 1964, Phillips and
Jones 1964, Reid and Carr 1967), and the reduction in stem
growth following root pruning can, in part be overcome
by exogenous GA3 application. It appears likely that in
the kiwifruit plant 2lso, 3zibberellins reaching the shoot
from the roots contribute to stem elongation, but the
literature indicutes one should not expect a simple or
clear relationship to exist between GA level and stem
growth (Crozier et al. 1973, Zeevaurt 1971). That the
gibberellins GA3,
resumption of growth, and a type of growth which showed

GA4, GA7, caused only a temporary

differences from that in «n intact plant, is a sign that
factors other than GA originating in the roots are import-
ant in stem growth. Absence of the roots means the loss
to the shoots of a sink for photosynthates (Humphries and
French 1969), and of a source of cytokinins (Sitton et al.
1967), factors which could also affect shoot growth.

In considering the rel:i.tionship of root GA's to
shoot growth in Phaseolus seedlings Crogier and Reid (1971)
interpreted their results as showing there is a re-cycling
of GA's between the shoots and roots, with the roots
merely bringing about an essential interconversion of shoot-
GA. The involvenent of root GA-metabolism in stem growth
control is certain, but elucidation of its precise role

will reguire further detuailed examinatdon.

This discussion has indicated factors in addition
to gibberellins affect shoot growth, and they could in-
clude the gowth regulutors auxin, abscisic acid, and
cytokinins, which materials may interact with each other.
Thus ABA will affect GA biosynthesis (Railton and Wareing
1973), BAP markedly azlters the rate of GA turnover (Railton
1974), and the importance of hormone balance in the control
of shoot growth was stressed by Shein and Jackson (1971,

1972).
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Growth ot isolated apple shoots is promoted by BAP,
and also by a cytokinin extract prepared from apple tree
sap (Jones U.FP.1Y67, 1973), suggesting root cytokinins
may be essential for shoot growth. In the promotion of
growth in tomato seedlings, ..ung and Byrne (1970) found
a primary influence of GA4+7 and BaP on the rate and
direction of growth in the apical tissues. railton and
Reid (1973) argued that cytokinins transported to the
shoots were of prime importance in maintaining normal
growth of tomato plants, since BaP caused a partial
recovery of stem growth of waterlogged plunts. when a
cytokinin was added to the root media of a number of pluants
1t reduced their grov.th, and had an effect on internode
elongation opnosite to that of GA3 (dittwer and Dedolph
1963). with intact plints it has been found that when
applied in combination, kinetin reduces the effect of GA3
on stem elongation (Shein =nd Jackson 1972, Wittwer and
Dedolph 1963). The same effect wuas recorded in Avena
stem segments by Jones and kaufman (1971), who found
kinetin acts non-competitively with GAB,and indicated
these two types of hormone together would make o goou

system for t.e control of stemr growth.

The results using sten cutting of kiwifruit show no
effect of a low concentration of kinetin alone. Lack of
response to apnlied cytokinin could be due to the amarked
basipetal movement of these suvstances, and that its effect
on a bud may be recorded only when placed directly in con-
tact with it (Sachs and Thimann 1964). In combination
with GA3 an increased level of cytokinin reduced the GA3
effect on stem growth. IFurther tests with increased
levels of more suitable cytokinins would assist in deter-
mining any effect on explunt growth, although Jones 0.F.
(1973) found sowme bitches of shoots responded to cytokin-
ins far less than others. The application of a single
growth regulator aiy result in abnormil development, and
especially where GA was appolied from before bud burst the
leaves subsenuently developing were unusually narrow and

pale in colour. «hen zeatin riboside or other cytokinins
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were supplied to isolated wpple shoots, the new shoot
growth was abnornal, with smilll poorly developed leaves,
and ®his was attribuled te un inadequacy of some other
essential factor (Jones U.l. 19¢7, 1973). [further, it
was not surprising to sce tuant o continuous supply of GA3
from before bud burst suppressed all floral bud develop-
ment. The gibberellins are potent inhibitors of flower-
ing, and when applied at the time flower induction begins
will inhibit flower formation (Griggs and Iwakiri 1961,
Junttila 1976, llonselise and Halevy 1964), and in the kiwi-
fruit flower differentiation begins just before bud move-
ment in the spring (Brundell 1975b).

Auxin

Immersing steun cuttings in 1lOppm IAA did not promote
growth, and such a lack of response could be attributed
to a possible lack of absorption, although IAA has not
promoted stem elongation in other plants (Grunwald and
Lockard 1973 Phillips 1971a, Shein and Jackson 1972).
There is some indicuation that IAA contributes to stem
elongation in intact plants (Critchfield 1970, Gunckel
and Thimann 1949, Kato and Ito 1962) either alone, or in
conjunction with gibberellins (Grunwald and Lockard 1973),
and in stem sections IAA promotes elongation (Brian and
Hemming 1958, Kaufman 1967) - but usually auxin has less
effect on elongation than the gibberellins.

In studies with stem sections, it has been found
that the growth response to GA depends on the availability
of auxin (Brian and Hemming 1958, Ockerse and Galston
1967), Although when the two are apnlied together IAA
may suppress the GA-promoted growth (Kaufman 1967).

Shein and Jackson (1971, 1972) working with bean plants
provided some evidence that the growth promotion of. GA
can be inhibited by auxin, but in studying such growth
interactions found a grezt diversity of results depending
on the point of hormone application etc. It seems very
dangerous to relate plant growth too closely to responses
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found in isolated tissue pieces. If the GA response

does require the prsence of auxin, this could explain

why stem sectioms that are excised, and so separated from
the site of auxin production, are usually less responsive
to GA than in the intact plant.

When the kiwifruit explants were treated with PCIB
the results were not as clear cut as they might have been
due to the variability of response in the relatively small
number of cuttings observed. The results show that PCIB
could allow shoots to elongate in response to exogenous
GA, although they were less responsive in the presence of
the anti-auxin PCIB. In intact plants and stem segments
PCIB, a specific auxin competitor, has been found to lower
the growth response to GA, and this inhibition has been
partly removed by the addition of auxin (Cleland 1964,
Kefford 1962, wright 1968). The evidence for other plants
is that GA requires the presence of auxin in order to
stimulate growth, and the results for kiwifruit suggests
that GA can stimulate extension growth, but that the
response is reduced in the presence of a reduced auxin
level. Thus while the application of cytokinin or auxin
to detached shoots did not cause stem elongation, they can
be seen to be involved in the GA-induced response, and so
support the idea of growth resulting from the interplay
of a number of different types of growth regulator, and
hence by implication, for different parts of the plant to
be involved in the control of extension growth.

Carbohydrate

In observing the increase in explant shoot length
following the application of GA, the amount of the extra
growth varied, but overall tnere seemed to be a fairly
constant relationship between the increased growth and the
initial length of the cutting. This suggested some charact-
eristic of an explant set a limit on its growth response.

The hardwood stem cuttings that were often used
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varied somewhat in size, just as did the extent of the
growth that resulted from them. wWwhen the initial growth
made by Bruno cuttings was compared with the estimated

size (volume) of the explant preceding growth, a clear
linear relationship occurred (Fig. 13). Hence the amount
of new shoot growth was correlated with, and perhaps
dependent on, the amount of some fuctor stored within the
dormant stem tissue. Weighing showed the original cutting
lost dry matter in supporting new growth, and this amounted
to a moderate loss of its own reserves. Priestley (1970)
has similarly found tnat woody tissue loses a certain
moderate proportion of its dry weight, up to a certain
maximum, in producing new shoot growth, and Kozlowski
(1964) has noted the primary importance of reserve carbo-
hydrate for shoot growth of many woody plants. In support-
ing vegetative growth there is a reduction in the level

of sugars, starch, and hemicelluloses in the wood, and their
depletion is rapid as the first leaves expand (Buttrose
1966, Priestley 1970). Subsequently these reserves are
replenished in the early stages of shoot extensioh, and
Hansen (1971), while showing the importance of reserves

in the very earliest phases of spring growth, indicated

the probably greater contribution of current photosyn-
thesis to the season's total fruit and shoot growth. Thus
for many plants it can be demonstrated that the dormant
wood contains reserves that can be mobilised to support

new extension growth. In detached stem sections the amount
of new growth is limited, whereas in an intact perennial
plant with the additional storuge capacity of the root
system, and long-continued photosynthesis, considerable
shoot elongation can occur. Using grape cuttings, Buttrose
(1966) found that if they had not developed roots before
bud burst, the extent of the new growth was greatly
retarded, and this suggests the roots were a source of
growth regulators tihiut caused a more effective utilisation

of these reserves.

GA-induced stem elonzation in kiwifruit explants
did not result in an increuse in the total dry weight of
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the shoot tissue, but there was a change in the distribu-
tion of dry weight within the shoot, (Table 3). Hence
exogenous GA did not mobilise an increased level of
reserves from within the original cutting, but rather
transferred dry weight from the leaf tissue to support
the extension growth of the stem.

Similarly when the carbohydrate levels in the
original cutting were determined (Table 4) it was found
starch reserves fell in supporting the initial bud growth,
but that no further loss occurred after a period of GA-
induced growth. czlsewhere it has been recorded that where
exogenous GA increases shoot elongation, there is no
increase in the weight of the plants stem tissue (Powell
et al. 1959, Shein and Jackson 1971), and where an increase
in the dry weight of the plant's top has occurred this is
usually associated with a reduction in the root dry weight
(Brian 1959). This also indicates an effect of, or role
for, GA in changing the distribution of C-assimilates which
may then contribute to the resultant increased stem exten-
sion growth. Such an effect of GA3 on the movement of
photosynthates in grape pliints was demonstrated by Quinlan
and Weaver (1970), and ikanda and Purohit (1965) suggested
a role for GA in increased extension growth through the
mobilisation of starch reserves. Luis and Guardiola {(1974)
found GA3 increased transport and mobilisation of reserves,
and considered this effect to result from the GA increasing

the capacity of the shoot to act as ua sink for nutrients.

while in somc systewuns it is clear that gibberellins
can directly promote starch hydrolysis by their effect on
enzyme synthesis, it is less certain that such an effect
occurs in growing pl=ants. Skene (1971) concluded that
starch dissolution after winter rest is brought about by
an actively-growing ca.sbiun, and so any effect of GA
would be other thun dircctly in relution to starch
degradation. 'Thais was supported by the absence of any
promotion of sugar rcolease from stem tissue of grapes by

GA3, whereas zsuxin was very effective in doing so. Similar
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observations werc :ude with wpule shoots (Pieniazek and
Saniewski 1968, suniewski and Pieniszek 1972), and these
authors also believed auxin initiated the degradation of
stored carbohydrates, and thuat this process was subse-
nuently enhanced in the presence of gibberellins. Brian
(1959) believed wuxin =znd gibberellin interacted in the

control of shoot growth.

It is suggested thot in kiwifruit explants, gib-
berellin interacts with auxin to mobilise carbohydrates
that are recuired for cell extension so that when auxin
level falls, the GA is less effective. In the intact
plant the roots would conwribute to the supply of gibberel-
lins, which is normally adequate, and so there is no
response to a Ga spray. The GA-response of the explants
then ceases at a 1limit determined by the carbohydrate
available for mobilisation, for only so much is available
for re-distibution while also maintaining a tissues

integrity (Priestley 1970).

Bxogenous cytokinins can modify the GA-response,
and endogenous cytokinins also are likely to contribute
to shoot growth either by maintaining meristematic activity
in the apical region, or by exerting their effect through
such other hormones as auxins or gibberellins (Luckwill
and whyte 1968, Rrailton 1974, Railton and Reid 1973).
While the gibberellins can affect cell division in the
shoot tip (Greulach 1958, sSachs et al. 1959) the cytokinins
may have a major role there, and in isol:ated apple shoots
have promoted leaf production (Jones 0.P. 1973). 1In
the kiwifruit explants the absence of roots denied the
stems such a continuing source of cytokinins, and could
account for the absence of further leaf primordia product
ion during the GA-induced stinulation of extension growth.
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vection 2

Kiwifruit Vine osap

A very noticeable characteristic of this plant
is the strong sap flow that occurs each spring, which
results in heavy bleeding from any fresh wounds. The
significance of this flow, and its contents, to the
growth of the vine is not clear, but it is usually con-
sidered important to avoid excess losses at this time.

At various times in the spring bleeding sap was
collected by using secateurs to remove a shoot, and
collecting the exudate from the cut surface by placing a
rubber tube over the stump and leading the sap through
a glass or rubber tube into a clear plastic bag. The bag
was changed, usually at one-day intervals, and the collect-
ed sap immediately frozen and stored in the deep freeze.

A. Sap Flow

In a preliminary obgervation in 1972 using esta-
blished vines of Abbott growing at Levin and trained on a
multi-wire system, it was clear substantial quantities of
sap could be obtained. Un 4 September most buds were
emerging, and a small number of one-year old shoots were
removed. During daylight of the first day, sap flow
was consistently close to 9cc/hour/cut shoot, although
by the 9th day it had fallen to O.5cc.

(a) Sap flow 1973
The same plants were further observed in 1973

although occassional losses occurred through leakage.
Shoots removed on 27 or 28 August when only the terminal

bud was moving, in some cases had very limited bleeding
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in the first 24 nours. Iresh shoots were removed for sap
collection on 14 September when many buds were at the

open cluster stage; also on 25 Deptember, when most

shoots were 2-9cus long (longest ones 25-28cms); and

and finally on $ October some 5 weaks before full bloom,

by which time the oldest lezves were zlmost fully expanded.

1st collection 27 August Tip buds advanced bud swell

()

2nd 10 sept. any buds burst

3rd 14 Sept. tlost buds at open cluster

4th 25 vept. shoots niostly 2-9cms length
(lower laterals at bud burst)

5th 8 Oct. Five weeks before full bloom

tesults:
Flow rates for each cut shoot, at ezach harvest

date are shown in Fig. 17.

It is clear that while certain patterns are
apparent, mean values of sap flow are misleading due to the
considerable variation in sap flow rates from shoot to
shoot - this variation was smaller two or three days after

removing the shoot.

With the earliest harvest daily sap flow increased after
cutting, but with subsequent harvests, flow rates fell

off to very low vulues by the third day especially with
the final harvest. The 6-week period sampled was virtually
the whole of the period the cut shoots bled freely.

Flow rates were lowest in the first harvest ie.
immediately before, and at the time of bud burst. They
rose to a peak in the 14 and 25 Jeptember harvests ie.
when the shoots were at the open cluster stage or were up

to 9cm long.

In an attempt to relate sap flow to weather
conditions, air temperature and rainfall records were

studied.
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Air temperature

Over the period August - October mean daily
temperature fluctuated widely, but by taking half-monthly
periods it can be seen (Fig. 18) the curve for sap flow
closely parallels the half-monthly mean air temperature:

27 August Harvest 1 10°¢ Sap flow low

10 Sept 2 11% weooow rising
14 Sept 3 12°C L . maximum
25 Sept 4 13°% wooow high

8 Oct 5 13°% U declining

Such a relationship is not surprising as one might
expect vine development to be closely related to tempera-
ture. In the maple it is sugcested that normal temperatures
of—3.9ommi 500‘ accompany the beginning and end repectively
of sap flows, and that seasonal departures from normal
are related to seasonal sap production (hkorrow 1973). ‘

Rainfall

A period of considerable rain (greater than the
30 year average) appeared to coincide with the greatest
sap flow.

During August 84mm of rain fell, and early sap
collection were low. During the first day's collection
from the third harvest (14/9) there was 16mm of rain, but
while there was close to 30mm during the second day of
bleeding, this did not prevent flow rates from falling
markedly. So while the high rainfall may have contributed
to the high sap flow rates in mid and late September, it
does not seem likely it played a major part,

Several one-year old Abbott plants in the field had
been trained as two-shoot plants and on 25/9/73 14 plants
had both shoots cut close to the ground, and 18 had only

MASSEY UNIVERSITY
LIBRARY
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one shoot removed for bleeding - the remaining one bearing
new shoots of about 6cms length.

Flow rates showed considerable variation between
plants, but tended to be highest in those plants furthest
advanced in development, and in Day 5 the flow of bleeding
sap had ceased from most of the partially-decapitated
plants. Although no record was made of shoot size they
were all of coumparable size, and the difference in sap

flow reflects the difference in the amount of wood cut.

cc sap/cut/24 hours

Period 0 = 24 24 - 48 99 - 123hrs
lfean 104 151 86

Decapitated p. .6 26-205  65-311  40-154
liean 58 84 15

+ Shoot

Range 17-174 31-192 0-127

(b) Sap flow 1975
In the spring of 1975/6 bleeding xylem sap was

collected from 3 yeur old Abbott vines growing at Massey,
and records kept of sap flow. As in the past, sap was
collected at about 9.30 each morning and frozen in a
plastic bag. On ezch harvest date each of the two m2in
stems of two plunts were cut off, and the sap collected
through a rubber tube.

In early August o siall sap loss occurred from
0ld cuts on the vines, and shortly afler sampling began,

usually for 5 days:
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Harvest stage of vine growth
No. Date

L 12/8/75 lio bud movement seen.
2 25/8/75 I"irst 2-3 buds just splitting out of stem.
3 4/9/75 Tip buds at wdvenced bud burst, most others

at advonced swell,

4 12/9/75 Tip buds 2t tight cluster, most others at
advienicec bud burst.

5 18/9/75 fips ~t open claster, st other buds o
advenced bud burst - tizht cluster.

lecmil tsk

The flow ratve for each cuiv shoot at each harvest
date is shown in Fig. 19, in which it can be seen:
(i) At each harvest, sap flow varies greutly between
plints, and between shoots on the one plunit. Variation
was least at tiie first hurvest.
(ii) Usually flow rates rose to o peak during the third
day after dccapitiotion, «nd then declined. This is also

shovn in Yig, 20 rnieras Lie total vleeding sap flow reote

=50

'

in ech case is rolated to » unit gige of cut stem - but
using actual flo.w v tes producec the gsanme pattern.

(iii) Sap flow rose to = peak nt the second harvest, =nd
then declined &3 developmenl nrogresszed, (I'ig. 20).

when other vines were cut 2079/7%, many did not
bleed, but vines of other luter-developing varieties cut

at this time bled heavily.

The pattern of sap flow lLhere varied from that
recorded in 1973. In the spring of 1975/6 peak flow rates
occurred earlier in tlhie season 2t an earlier stage of
development, and =t the Anal hurvest had fallen to low
values - the stuge which in 1973 gave the highest flow
rates. This differcnce ic probably related to the sampling
method used, =nd the lurse variation in development over
the vines used ia 1973. Jap collections then were taken

from the upper tier of manin laterals, the shoots on which
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were about two weeks chead of development on the lower tier.

In considering cny rel:.tionship of sap flow to
weather conditions one should note the following.

Temperature.

Soil temperature (ot 10ci depth) in an adjacent
field rose from sbout 6°C at the time of the first harvest,
to 8°C prior to the second harvest peak, and reached g> =
10°¢ during the following harvests of declining sap flow.
See Fig. 21.

Before the first sajp collection air temperatures
were variable, but tie irend was for temperatures to rise
from about the ti.ie of the second harvest viz. from a
mean of around 8.4°% uy to 23 August, and then 11°C in

the following week.

Rainfall

A modernte munount of rain fell in mid August which
could have ensured wdc:ruate woisture supply to suﬁport
any demands rnde by the high sap flov, at the second
harvest. The very heavy rain on 27, 28 August did not
appear to increase sap flow on those days, or to prevent a

decline in flow ratc at the third harvest.

Plant characteristics

Brief reference hus been :mcede to the stage of
plant development aos rcl:itcd to sap flow rotes, and in
addition a record was kept of the size of each shoot at
the point of removal.

Assuming a circular cross-section, there appeared
to be a positive correl..tion between flow rate and size
of the cut surface, when expressed as either the surface
area or shoot circumference. This was shown for days 1, 2,
and 3 following decapitation where the apparent linear
relationship applied to cll except the 4th harvest. The
relationship varied between each harvest date, the slope

being lowest for the first harvest, and greatest for the
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second one - u reflection of the change in actual flow
rate. The relationship for any plont remained the same
throughout the pcriod of obgervation. Flow rate apueared
not to be related to the height above ground of the cut

surface.,

Diurnal flow rates
At the time of the 4th and 5th harvests on 12 and
18 september respectively a single-shoot plant was

decapitated, and sap collccted usually morning and even-
ing. Unfortunately their flow rutes were relatively low,
and the infrecuent collections did aot permit a clear
indication of any diurnazl fluctuations. On inost days
flow rate was a2 little higher from 9am - 5pm than from
Spm - 9am.

When two plznts were decapitated on 17/8/76 when
only terminal buds were moving, and the sap collected over
3 days, a peak flow rate was recorded around noon each
day usually in the period 1230 - 1530 hours.

Decapitation of a plunt as done for these sap
collections did not prevent it from producing strong new
shoot growth. Illost plants that had been bled had a new
shoot emerging by the end of September, and all stumps
had produced several strong new shoots by mid November.
This was in spite of the large auantities of sap lost, and
the marked blackening and necrosis of the bark where sap
had flowed down over it. Similarly on vines where some
lateral shoots had been removed eg. for grafting, bleeding
produced bark damage but did not prevent new growth
occurring. Bleeding from a cut delays the growth of buds
on the cut shoot, compared with those on uncut shoots.
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B Sap Growth Regulators

It may well be universal for plant sap to contain
a number of growth regulators, some of which could have
been synthesised in the roots, and these hormones no
doubt contribute to the control of growth and development
in all parts of the plant. By determining growth regulator
activity in the gspring sap flow at different stages of
development, it was hoped to gain some idea of their
possible contribution to growth control, especially the

influence of root hor:iones on the top of the plants.

Using the sap collected at bud burst on 4 September
1972 from established pl:ints at Levin, preliminary tests
investigated the possibilities of detecting gibberellin

and cytokinin activity in the sap.

With & standard extraction procedure and bioassay
(using the barley endosperm and radish cotyledon tests),
activity in sap extracts could be detected after paper
chromatoéraphy. It was also possible to detect gibberellin
activity following gradient elution from a silicic acid
column,

This work indicated the acidic ethyl acetate phase
contained gibberellin-like substances which ran to Rf
0.6 - 0.8 on paper with the solvent isopropanol-ammonia-
water (IAW) 8/1/1. Wwhen the sap extract was eluted through
a silicic acid column vith a ethyl acetate/n-hexane mixture,
gibberellin-like activity was located in fractions 14-18
(elution volume 650-900cc). These fractions were eluted
with a mix containing 42-654 ethyl acetate, and comparison
with GA3 standards indicated a total eqguivalent activity

of 1.1 mg/litre of sap.

A limited number of bioassays with radish cotyledons
indicated the presence of cytokinins but the response was

variable.

Wwith this background, observations were continued
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in following yecors.

Methods.

Sap wag collected und imnediately frozen, it was
then stored in the deen freeze until it was freeze-dried
The extraction niethod then used is shown in Fig. 22.
Re-distilled solvents werc used throughout. Extraction
and determination of hormone activity in sap extracted
from the kiwifruit vine in the spring of 1973 was almost
identical with the methods used in the previous year,

(i) Gibberellin-like activity

The acidic ethyl acetate extract was brought down
to dryness on a rotary evaporator. The dry residue was
taken up in absolute methanol and an aliquot (usually
equivalent to about 25-60cc of sap) streaked on pre-run
chromatography paper whatman No. 3lMM. The descending
chromatogram was usually run in isopropanol-ammonia-water
10/1/1 (IAW), dried and cut into 10 Rfs for bioassay.

Acidic ethyl acetate has frecuently been used to
remove gibberellin from aqueous solution, but Jones (pers.
comm) has obtained greater recovery from apple tree sap
with the use of butanol. Inhibitors often partition with
the gibberellins, including ABA which interferes with GA3
in the barley endosperm bioassay (Chrispeels and Varncr
1967) - although it's level in kiwifruit sap is low
(Davidson and Young 1973).

Bioassax

Gibberellin-like activity was determined by the
barley endosperm bioassay (Jones and Varner 1967), usually
using the Crop Research Division (Lincoln) Research variety.
Dehusked barley seeds were soaked in water at 3% for 24
hours, then cut into uniform halves with white cut surfaces
ready for use. Hach Rf strip was placed in a 25cc Erlen-
meyer-flask with 1.5cc distilled water, 1Qug chloramphen-
icol and three endosperm half-seeds. The flasks were
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sealed and incubated in high humidity in the dark at
3000 for about 48 hours. On each occasion a replicated
series of GA3 standards was also incubated with blank
paper strips. Four replicates of each standard solution
was used, and two or three sample replicates.

After incubation 1l.5cc or 2.5cc water was added to
each flask, and a 2cc aliquot put in a test tube. After
adding 2cc of fresh dinitrosalicylic acid reagent (Miller
et al. 1960) the test tube was placed in a boiling water-
bath for 8 minutes, and then cooled. As required, a con-
stant volume of water was then added to each, and the
absorbance at 64qu measured on a litachi spectrophoto-

meter,

(Reagent mixture: Dissolve 4gm NaOH in 200cc distilled
water. Then add and dissolve 4gm 3, 5-dinitrosalicylic
acid, 0.8gm phenol. 0.20gm sodium sulphite and 80gm
potassium tartrate. NNake up to 400cc, and filter).

In some instances the acidic ethyl acetate phase was
further purified before bioassay, and an attempt made to
make a separation between some of the gibberellin-like
substances. This involved the use of a gradient-elution
technique, but unlike the preliminary work, the extract
was first eluted from a Sephadex column.

Column purification on Sephadex

The acidic ethyl acetate extract was purified on
a Sephadex column, following the method of Crozier et al.
(1969), except that Sephadex G15 was used (Reynolds 1970).
20gm of Sephadex was swelled in phosphate buffer, and a
slurry settled into a 2 x 15cm column by eluting 75cc of
O.1M phosphate buffer. A paper disc was placed on top
of the packing 0.3cc blue dextran dye washed into a column,

and then the sample was added.

The dry sample was taken up in 0.10M phosphate
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Extract in 100cc 80% MeoH 48 hours 3°C.
Filter. Reduce to aqueous solution

adjust pH 8.1
with KOH

Aqueous phase

Partition 2 x equal
vol. petroleum ether

Aqueous ether phgse
Discard

pH 2.5

Partition 5 x %

vol. ethyl acetate

Eth;i acetate Aqueon phase
phase
pH 8.0
Bioassay for Partition 3 x & vol.
gibberellins water-saturated n-butanol
Agueous phase anutanol phase

Bioassay for cytokinin

Pig. 22 Extraction of Gibberellins and Cytokinins
from Sap
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buffer, and added to the column in 1l.5cc solution.
Elution of the column then proceeded with 0.1M buffer,
at 1.5cc/minute from a Mariotte flask. After the dye
had been eluted the next 150cc was collected, adjusted
to pH 2.5 and partitioned with ethyl acetate. (In a
preliminary test there was no activity in the elution
volume 150 - 350cc).

This ethyl acetate extract was taken down to
dryness, then tseken up in a small ocuantity of methanol
and put on an absorbent cnromatographic disc for gradient
elution.

separation on a silica gel column

The sap extract was eluted through a silicic acid
column according to Powell and Tautvydas (1967), although ‘
a similar technique has been used by others (Crozier et al.
1972, Gaskin et al. 1973, Khalifah et al. 1965, Powell et

al. 1969).

First, 64gm dry acid-washed silicic acid (M&B) 8o-
100 mesh was hydrated with 43cc 0.5M formic acid, and mixed
over 1-2 hours to give a free-flowing powder. This was
slurried with n-hexane saturgted with 0.5M formic acid,
and packed into a column 28 x 2cms, care being taken to
remove air bubbles. Then 100cc of the formic-saturated
n-hexane was passed through the column. The disc contain-
ing the dry extract was held on top of the column by glass
beads, and eluted with an increasing concentration of
ethyl acetate in n-hexane in the following manner,

Two glass vessels were joined at the base by a
tube and stopcock. The first vessel contained 420cc
O0.5M formic acid-saturated ethyl acetate, and fed into the
second vessel containing 600cc 0.5l formic-acid satur-
ated n-hexane. A magnetic stirrer gave constant mixing,
and under gravity the mixture was passed to the top of the

silica gel column. In this way the sample was eluted
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with an increasing concentration of ethyl acetate at
2.5cc/min.

The 20 x 50cc fractions were collected, dried in

the vacuum oven for at least 36 hours, and the extracts
then tested in a bioassay with barley endosperm,

(ii) Cytokinin activity

The aqueous and n-butanol phases (Fig. 22) were
each reduced to dryness on a rotary evaporator. Aliquots
were then streaked on to a thin-layer plate of silica
gel GF254 and run 10Ocms in distilled water pH 5.6. After
air-drying the plates, the 10 Rfs were scraped into a 4.5cm
petri dish and covered with a filter paper disc. To this
was added lcc distilled water and 8 or 10 radish cotyle-
dons. Dishes of samples and standards on a tray were
sealed in a moist plastic bag and incubated at 25°C under
fluorescent lights for about 69 hours. The fresp weight
of the cotyledons was then determined.

(Long Scarlet radish seeds were germinated on
moist paper in the dark, for 24-28 hours; the two smaller
cotyledons were then carefully removed, and selected for
size uniformity for use in the bioassay. (Letham 1968). ).

Experiment No 1 1973
Using the above procedures the change in

gibberellin-like activity was assessed in the sap samples
collected in the spring of 1973. Purification was by
solvent partitioning and paper chromatography, followed
by bioassay.

Very limited tests of cytokinin activity were made,

using only sap from the first two collections.
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Results:
(a) Gibberellin-like activity.

This was assessed for each sap sample on different
dates using two or three replicates of sap extracf. The
results of the bioassay are shown in PFig. 23, which
indicated the sap activity of GA-like substances in GA3
equivalents (ug/l) as:

Harvest No. 1 2 3 4 5
0.67% 1.11 0.47 0.53 0.39

(+ A test with 5.5cc sap equivalents indicated 1.38 mg/1).

These values agree with the level of activity
indicated in the preceding year. These data suggest a
relatively constant level of activity in the sap from
early bud movement to early shoot extension, with possibly
a decline in concentration from the first to the last
harvest. Because of the variation in bud development
and sap flow over the vine the results are diffiecult
to interpret, and no attempt was made to assess the amount
of gibberellins being transported.

(b) Cytokinin activity

Bioassays indicated cytokinin activity was present
in the butanol phase extract of sap from each of the
first two collection dates with similar levels of activity
in each, namely the equivalent of 4.5 and 2.4ug BAP per
litre of sap respectively.

Experiment No 2 1973
Further determinations of sap-GA were made, in a

comparison of bleeding sap from root systems in the
presence or absence of growing shootse.
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Method.

A number of one-year old Abbott plants growing in
the field were selected on 25/9/73, when the new seasons
shoots were usually less than 5cm long. Bach plent had
been trained with two leaders.

On the above date, 14 plants were cut off near
ground level ("Deczpitated") and the xylem sap subsequent-—
ly collected from the two stumps. Another 18 plants had
only one leader removed, ifrom which the bleeding sap was
collected. Using sap from each treatment, collected on
the first, second and fifth day after cutting, gibberellin-
like activity was assessed after purification by solvent
partitioning (Fig. 22), and separation on a Sephadex
column and a silica-gel colwin as described earlier.

Results.

The results of the barley endosperm bioassay with
the 19 fractions obtained from each sample are shown in
Fig., 24, and as the tests were carried out on different
days, gqguantitatively they are only roughly comparable.
Again there was rather a large variation between repli-
cates of the active fractions, but the histograms show
one clear trend.

In both treatments, in each of the first two days,
gibberellin-like activity was found only around fractions
15 - 17 as one broad peak. Ilowever on the fifth day of
sap bleeding, activity occurred in fraction 4 in both
treatments. In Fig. 24 activity occurred in fractions 9 -
15 from the partially-decapitated plant on Day 5, but when
a smaller amount of extract of both treatments was tested
again, no significant activity was detected in these frac-
tions.

Gibberellin-like activity was relatively similar
in all samples tested. The overall low level of activity,
and the variability makes proper guantitative comparisons
impossible, but bioassay indicated sap activity of GA-
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like substances, in GA3 equivalents pg/litre as:

Day 1 | Day 2 | Day 5%
Total decapitation @, 23™ 0.05 0.05
Partial decapitation 0.05 0.03 0.03

= Subsequent tests indicated activity equivalent 0.04
mg/litre.
++Activity occurred in fractions different from the

earlier samples.

In further work with endogenous growth regulators,
the extraction method and bioassay methods were changed.

The extraction procedure is shown in PFig. 25
where the gibberellins were partitioned into ether, rather
than ethyl acetate as in earlier experiments (Goren et al.

1971).

(i) Gibberellins
In a preliminary test, this acidic ether extract

contained the same gibberellin-like activity as an acidic
n-butanol extract (following a neutral ethyl acetate
extraction), which latter method was used by Jones (pers.
comm.). S0 the method based on ether was used for con-
venience., The dried extract was taken up in methanol,
streaked on Whatman 3KM paper, and run (descending) 1Ocms
in 10/1/1 isopropanol-ammonia-water. After drying, the 10
individual Rf's were eluted overnight with absolute
methanol, and the eluants made up to 10ml. Suitable
aliquots (about 50cc sap eacuivalent) were dried for 24
hours in a vacuum oven in 25ml Erlenmeyer flasks, ready

for bioassay.

The flasks contained 0.75ug sodium metabisulfite,
1l.5cc solution, and four barley endosperm half-seeds, They
were sealed and incubated at 29.4° for about 46 hours, then
the sugar content of each solution determined with an Abbe



117.

Sap Sample
Reduce volume to 70-100cc

4 diethyl ether
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pH 3
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Aqueous
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n-butanol

Butanol phase

dry

Aqueous

neutralise
filter
dry

Bioassay for cytokinins

I
Ether phase

reduce to
dryness

Bioassay for gibberellin-
like substances

FPig. 25 Extraction of Gibberellins and Cytokinins

from Sap.
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refractometer, recording the refractive index. This
method was used by Faull et al. (1974) although not
described by them, and was also found by Jones (pers.
comm.) to be satisfactory.

Several tests showed the feasibility of this rapid
method of assessing the results, and the results of one
comparison are shown in Fig. 26. The barley endosperm
bioassay was performed with the varieties 'Research' and
'Black Skinless', and four replicates of each were incubat-
ed with a series of gibberellic acid standards. The
results of two replicates each were assessed with dinitro-
salicylic acid (as described earlier) and with the

refractometer.

(ii) Cytokinins

The alkaline butanol extract was taken down to
dryness on a Buchi rotary evaporator. The residue was
then taken up in methanol, streaked on pre-run chroma-
tography paper Jhatman 3MM, and run in a descending manner
with distilled water pH 5.6. The aqueous phase was not
always purified by paper chromatography.

The chromatograph strips were placed in a 100ml
Erlenmeyer flask with 25ml media, and cytokinin activity
assessed by soybean callus (three or four pieces to a
flask), (Miller 1963). The flasks were held in low inten-
sity fluorescent light at 22° for 3 or 4 weeks, then
weighed. Samples were compared with the response to
replicate flasks of Kinetin standards.

BExperiment No. 3 1975/76
Sap collected in the spring of 1975 was purified

as in PFig. 25 and cytokinin and gibberellin activity
determined. The five sap collections were made from
12 August (before bud burst began) to 18 September (buds
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just beyond bud burst), and for each sample the sap collect-
ed in the first 24 hours after decapitation . was used.
Analysis were completed in November/December.

Results.

(a) Gibberellins
The results of the replicated bioassays with these

sap samples are shown in histogram form in Fig. 27 . 1In
Table 5 sample activity is expressed in terms of equivalent
GA3 activity by comparison with a series of standard
solutions.

Table 5: Gibberellin-like activity in sap

Activity equivalents Bquivalents

GA, mg/litre sap GA, ug/day
Harvest | Plant Plant Plant Plant Plant Plant
Date A B Cc A B Cc
12/8/75 | 0.01 0.14 - 0.0018 0.0296 -
25/8/75 | 0.02 0.05 - 0.0146 0.0376 -
4/9/715 | 0.06/ 0 = 0.0205/ 0 =

1.81 0.60
12/9/75 | 0.11 0.22 18.58 | 0.0216 0.1026 1.0776
18/9/75 | 0.73% 2.34%  0.10 | 0.0669% 0.5415% 0.0080

*Based on extrapolation of the standard curve.

These values indicate a low level of gibberellin-
like activity in the sap in the early spring, and a wide
variation between plants at a given harvest date and
similar stage of developiient. The concentration of
gibberellin-like substances in the sap, and the computed
amounts being transported in the sap in one day, show a
pattern of being higher in the final two collections - at
which time most buds had completed bud burst, and shoot
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elongation was beginning.

Limited tests indicated similar, or lower activity
in sap collected on the second day after decapitation.

The other effect was for there to be two peaks of
activity in the sap collected on the first three harvest
dates. In a repeat bioassay of extract of the third
harvest, Plant B, two peaks were probably present although
some uncertainty arises from the inadvertent mixing of
some test solutions. In a duplicated test of the second-
day's sap flow from one of these plants, there was no
indication of a second peak.

(b) Cytokinins

sap collected at ezch of the five decapitation
dates gave significuntl activity when extracts were bio-
assayed with soybeun callus, (Fig. 28). Activity
occurred mainly at if 0.6 - 0.3 in the butanol-phase,
but the level of activity showed considerable variation
between the two plants sampled at the same time. There was,
in addition, in half of the sacmples a very low level of
activity in the same position on chromatograms of the
aqueous phase; except for some unknown reason the aqueous
phase of Plant 22 (ilarvest 4) contained far more activity

than the butanol-phase.

By comparison with a standard curve prepared with
kinetin, values for cytokinin activity in the sap are
calculated and shown in Table ¢. In addition, reference
to the daily sap flow rate permits an indication of the
amounts of cytokinin being transported in a day. In a
few instances, sample activity was beyond the range of the
standards. This was especially so for Plant 20, the most
active extract, and it seems best to only indicate a mini-

mum level of activity.
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Table 6 Cytokinin-like activity in sap, kinetin

eauivalents

(Total activity, BuOH, Agueous phases)

Activity/ug/litre Activity mg/day

Harvest | Plant No.s |Plant A B A B

1 32%(a) 35(B)| 3.9  70.2 0.78 14.77

2 45 (A) 37(B) 6.0 5.4 4.51 4.67

3 25 (A) 20(8) | s52.6 »500%" 17.42 »335%7

4 42 (A) 22(B) | 64.9 2349.0%" | 12,39 1110.85%"

5 51 (A) 30(B) | 261.7 82.5 24.07 19.15
3

Most of this sample was collected on the second day of
bleeding
**Based on a linear extrapolation of the standard curve.

There was no obvious difference within the pairs
of plants that would explain the differcnce in activity
between plants at the same harvest date, although the
variation is reduced a little by relating the computed
daily cytokinin transport to a unit stem size, There
appears to be a trend for the concentration and levels
of cytokinin-like materials in the sap to be highest in
the later harvests. These increased levels occur at the
time most of the buds on the vine are visibly bursting ie.
advanced bud swell - advanced bud burst (Brundell 1975a),
with the lowest levels occurring prior to this time. The
results may also indicate a lowering of activity in the
final harvest, wheén shoot elongation is beginning ie. buds

at the tight cliuster - open cluster stuge.

Cytokinin activity was also determined on sap
extracts of bleedir: sap t:ken from onc plant separately
over five diys follo..ing decapitation. For each day's
sap the some cxitriction procedure was followed except that
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there were five purtitions with n-butanol, and duplicate
chromatograms were bioassayed from each extract. None of
the Aqueous phases gave significant activity, and the
results of the bioassays of the butanol vhase are shown in
Fig. 29 and Table 7.

Table 7 Cytokinin activity in sap, over 5 days after

Decapitation

(Plant number 20, Kinectin ecuivalents)

Activity /ug/lj'tre activity pg/day
Day Rep, 1 Rep. 2 Rep. 1 Rep. 2
1 492.8 B41.7 330.8 564 .0
2 1324 .2 633.7 123¢.7 ©666.0
3 4241 790.5 623.4 1162.0
4 131.3 207.5 189.4 442.8
v, 99,9 10.8 U328 - 15.9

This showe bthe dnitially bickh lowels of actiwvidby
have decreased . ith tiue, eupecinlly in the fourth and
fifth dzys «fter dec pitation .nen c¢ylokinin-concentration
in the sap hos f 1len mcrkedly, cltiiough high sap flows
are being mcintoined. activity was usually at Rf J.0 -
0.8, although in the fin.l collection (Day 5), tlhiere was
apparently a sccond pcek, (d most of the total activity
(as in Table 7) wus iu o different position ie. 0.2 - 0.5.

Yurified sop extracts tuken from four different
plants on a tot:. 1l o five different occasions at the time
of eurly bud burst were subjected to high pressure liquid
chromatography (I'PLi). Consistently a peak was obtained
which had the soue retention fime as zeatin riboside, wnd
placed samples in the swune order of concentration as the
soybean callus biocssay. fig. 3) shows the bioassay

results for cuch of the peclks collected from an extract of
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sap collected on 8/9/75 when most of the buds were

bursting (See Appendix 2)
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A. Szp TFlow

The period during which  vine will produce a
quantity of sap exudute from o ireshly-cut shoot is
limited to about & weeks, (Figs. 18, 20), and beyond that
time the flow rute :ind the length of time that bleeding

occurs, is very limited.

Records sho., Lhat the rate of sap flow from the
stump of &« removed shoot uao very variable between shoots
on the same plant, or belween plunts, «nd was also affected
by the time of hirvesd. These effects could be attribut-
able to environment:l coaditions, or to characteristics
of the plant :muterinl swupled. One factor that varied
somewhat was the diwieter of the sten that was cut for
sap collection, und it was found that generally there was
a reasonable Dositive linear correlation between the flow
rate of the bleedinz sap, a:nd the cross-sectional area
of the shoot it the collection surface. The relationship
varied with the date of the first collection, but for a
given collection period it was similar over the period of
collection. During the firct and last collection periods
when flow rate was lowest, the size of the shoot had little
effect on flow rate, but during the period when sap flow
was highest, the rel:.tive level of flow increased markedly
with increasing stem diuameter (or circumnference). The
significance for the plimt of such an observation is not
clear, nor the relationship of the bleeding sap flow to
the sap flow in the intact plant. However, it may suggest
that at the time the buds are bursting the larger-sized
plant is more effectively able to send large cuantities
of sap up the plant. Also ot this stage flow rates were
always highest, and since the transpiring leaf area was
essentially nil it might be inferred the sap was important
in contributing something essentizl for bud burst, or for

other processes occurrinz within the buds at that time.
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For some unexplained reason, the sap flow data for the
fourth harvest period in 1975 were inconsistent with the

pattern shown by the other harvests.

Clearly plant size affects sap flow, and indicates
the need to select plants for uniformity to reduce the
variability in sap flow between them (Morrow 1963). It
may also have been more accurate to express the data for
sap flow in relation to plent size, although the trends
would be the same as those shown by using the actual flow
rates.

Limited observations showed the mean flow rate of
decapitated plonts was grenter during daylight hours,
especially =around nqon, =2nd such a vattern was also found
by Phillips @nd Jones (1964). Grossenbacher (1939)
studied sap exudation from excised sunflower roots, and
showed clearly the existencc of such en sutonomic cyecle
of exudation, where .ucxim: snd minima of flow rate occurred
at 24-hourly intervals of middoy ond midnight respectively.
30 raot a2ctivity secmed relited to the light period, whereas
when plants were grown in continuous light it was the time
of decapitation thot delernined the time of peak and
nminimum flow rates in the 24-hourly cycle.

The pl=ants uzed in 1972 were trzined horizontally
on several tiers hich differed in their development, so
that a large portion of the pl:i:nt wes considerably delayed
in - its spring growth compured with those parts being
sampled. This, and the foct that only a very small pro-
portion of the «¢hoots were removed for sap collection,
could account for differences in hlecding behaviour from
that observed in 1973.

Relationshin to vine developinent

()

o o
S i

It must Le © rred wrhether the pattern o

ide
bleeding san flo. 13 relited to gowth and develogment in

=

the plant. In the Wivifruit vine, bleeding is limited to



2 short period in the asprin., Leginning shiortly before
-bud burst when the first buds ure noticeably swelling,
and ceasing in tre early vt:.ses of choct elongation -

hence behsving cinmilirly to the grope vine (Skene 1367).

In 1973 the genic low occurred when in the upper
sampled nart of the vine, mew shoolbe were at the epen
cluster zctnge snd beeinning to elongmve, and bud movement
wags occurring throughout the vinc. «when young whole
vines were dec:pit:ted ia 1979 penlk {low coincided with
bud burst of the very [irst fe.; buds on the vine, and flow
iad fallen subzenticlly Ly cbous the tight cluster stage -
whether expiressed &g flow. - Le yer cui shoob, or per unit
Of arees of el TErfEees

il

Following re:wovel of 4i.e shoot, the sap flowed
more slowly, showing ixn 1972 v .iarked drop over the first
24 and 48 hours; except for the Tirst horvest when sap

flow was just Vegimming &

o)

e flo.: rote usually ihereas-
ed over the first onc or .o days. Althiough similar

siyed shoots were suaopled, flo.. rites varied considerably -
up to 7 times at the saae soapling time. Sap production
was usually from 100 -~ 500cc o d:y, from each cut shoot

of & muture vine. Complete decaopitotion of a young vine
yielded 100 - &50cc « duy, or 20 - 1QOcc/cm2 stem cross-—
sectional aresa/dry. This indicates the capacity of the stem
to transport very large volumes of sap, and it would seenm
surprising if it didn't huve = gpecific function. One
cannot therefore say such a sop flow is essentizal to
transport from the root gystem substinces required for
early growth and developient in the shoots, as bud burst,
shoot elongation ond leaf expansion, and flower differen-
tiation can all occur in stem cuttings detached from the
parent plant in the winter. Continued growth and develop-
ment rencuired the :resence of a root system, but in the
initial stages the ctem itself may contribute the renuired
netabolites and hormones, where they may have been
previously accumulated from 211 parts of the plant. In

the spring, sap actively flows from a fresh cut only when



it has roots attached, but when stem cuttings taken in
summer or winter are pluced in water in warm conditions,
within 24 hours they produce copious cuantities of clear
viscous fluid - indicating chinges are occurring in the
stem.

The rate of sap flow recorded in 1975 similarly
showed a wide variation betwecn the shoots on 2 plant, and
between plants (Fig. 19). Usuczlly the mecn daily flow rate
increased during the first three days, and then declined,
with the esrliest and l:test hiorvest pe
lowéet flow rotes. In The wunFfloMer plant @lso, the daily
sap flow hus shovn w decline ench doy following decapita-
tion, although there may inilially e an incresose in flow
rate (Grossenb:crer 1639, [hilline #nd Joues 1964). PFig.
20 shows over the rcl.tively ii-=it pericd of bleeding
sap productior. ho. the rel:i:tive level of sap flow increases
during eanch successive dny ofter decanitation, and how flow

was greatest from the oeceond it third Liorvest dates. This
means the budes w.ore noelliny ~nd bursting ot the time of
atest sap flow, nd the flow hed declined to very low
levels when the 1c¢ ves were wnfsldins, Page 164 shows how
the moisture content of ficli-c:illed buds soon rises when
pliced in wuerts begsus btares; Bl om goRld compefe this
roughly with c.g Tiv. i tey in Pies 2J. This suggests that

up until the hwds . ». ofi the goint of euserging, when sap

flow is increasing 1idly, woisture content of buds

Just beginning to ingrezse. 2hom wiidilc the duds are
ing-and their moi.ture content is increasing rapidly,
relatively hizh bleedins sy flow ig occurring, and then
it declines. %o incresme in sap flou sppears to run shead

of bud growbtih, and once .. btronapiring leaf surface ooncars
& steady decline of Llcedin: sro sroduction occurs.

If Blow e 1% Eecledad €0 bl imgc of BTl gwewil
thlls tewds to =wmmbe 26 ..1th R~ mesulie of 1873 #wheh khisgh
Tlow Tates =fre wfroci, . bed 10 & ¥ tor slfze of devalop=

meet , ol slkowgEl ¥hie fat e Ragh 8B E YEwvsicied Lldver



could heve been exnl

1
1

vined by bae dolayed development of

~

the lower half of tHeme vi:@s,

Becruse of the vuristion between planits further
gampling is reguired Co ectoblich the relationship of sap

3

flow and vine developuent. It does apocar the pattern of
flow is reluted Lo eurly-senson developaent of the buds,
elthoagh otlaern reli.lionghips wey &iso exist. Since this
plant has a low chilling recniremeht (Brundell 1976) it
could appear thot sap flow wind ivs constituents a2re not
involved in the mechunism of bresizing bud dormancy,
although they could be involved in buld burst znd early
shoot develonzentl. 1L sibberrellin-like substances or
cytokinins werc detected in the sprins sap, this could
suggest an mswcixbion bEtwecn the sugtly of these hormones
and the coumenccueat ol upitin~ »rowth, as has been found

in other ylants. In thc cose of sten cuttings, both growth
and develepument are liwited (Brundell 197%c, 1976). Such
development 2s occurs would be Losed on the background
level of substratc in the sbtca liscue, but unlike the
situation in the intrct plimt, growth would not continue
due to the absence of . continuins, supply of substrate in
the xylem sap, as wlso cousidered by 3achelard and Wightman

(1974).

The utilis:.tion of reserves (ccrbohydrate?) ‘appears
to be essential for continucd sap exudation, and in the
presence of such reserves cuxin increases the sap flow rate
(Skoog et al. 1938). Thus the initial increase in spring
flow rates may result from an increasing auxin activity
in the tops of the pl:nts, supported by the rapid mobil-
isation of stored reserves to support bud burst and early
growth, which then influences the absorption and trans-
location of water. ‘'he beginning of shoot elongation
coincides with a low level of wood-reserves, and as could
perhaps be predicted, from this stage sap flow rates decline.
One could then consider the possibility that high flow rates
are simply a consequence of a particular transient set

of circumstunces, and not necessarily an essential require-
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ment for vine developuent.

In trying to correlate sap solute level with shoot
developument there is & problem of sampling, since the
level of a sap component may vary along a shoot, or with-
in a plant. This is lknown to occur in a number of plants
with nitrogenous constituents (Cooper et al.l1972, Pate
1968) and calcium, and it appears sap composition along a
shoot is in a state of flux, changing in response to the
activity of the cells surrounding the xylem. Endogenous
gibberellin and cuxin levels change along the length of a
stem (Wareing ond Phillips 1970). ithin the sap, growth
substances may not be the only muterials important for bud
development, znd cuinging in concentration during the start
of spring growth. ;Nitrogcnous substinces are important
reserve subst.nces in fruiting onlints, and show marked
changes around tud bursst, suggesting they have a role in
this process (CLooper ¢t al. 1972, {{ill-Cottingham and
Bollard 1965, Fossingham 1970), and others could also be

invalved.

The loss of gsap from oo cut surface does have an
effect on the growth of nearby shoots, und this effect is
seen early in o shoot's development. DBuds near a bleeding
surface burst loter than those on sn uncut shoot -
apparently tne recimzova] of the sap deprives the buds of an
adecuate level of scome stimulus. There nay subsecuently
be 2 loss of sone potential sites of shoot growth as those
areas of burk vver which bleeding sap flows become bliick-
ened, necrotic, und craciked open. Otherwise ¢ detrimental
effect of high =:.3 louszecs wan not noticeable later in the
season, so th:it tvo aonths after decupitation stumps had
produced several stroung new shwoobs which continued in
active gsrowth. &lso where bleeding occurred from fresh
grafting wounls, the grafts ook «nd wmade good growsh in
the early swaner,
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nvironueritel Lffects

knvironnental factors wffecting plant growth can
be expected to riodify plunt i:etabolism, zaltering meristem
activity and "sink strength", and substrate turnover.
Increasing the supply of sults in the external medium
greatly increases the rate of bleeding sap production
(Skoog et al. 1938). When young potted kiwifruit plants
in the glasshouse were watered with CCC, sap flow was
reduced by 50, over eazach of the following two days,
presumably through soie efiect on plant development
(Skene 1970).

Temperzature has a major influence on the rate of
development of plapts, and could thereby affect demend
for substrates by active tiscues, and also the level of
production in other site:. In the maple, the beginning
of sap flow is reluated to wir temperature, and occurs
between autwimin and spring whenever warm temperatures follow
very low temperatures, and below a certain temper:zture the
flow declines. Field teuperstures tend to fluckuate
widely, and wihile Fig. 18 indicates that sap flow rate
increased once nean air temperature showed a steady in-
crease above 10°C, observation under controlled conditions
would be recuired to confirm this apparent effect. 1In
A. kolomikta growth starts when the mean daily temperature
reaches lOOC (Gorokhova 1976). 1In 1975 niean air temper-
ature had increased substantially during the second and
third harvest dates, but an increase preceding the peak
second harvest dote was less evident (Fig. 21). Soil
temperatures prior to the first sap collection had been
about 6°C, but the mean rose to 8°C before the second
harvest, and the increased sap flow might reflect a temp-
erature-induced rige in root activity. HNean soil temper-
atures continued to rise during successive harvests, but
sap flows declined presumably due to the changing reacuire-
ments/characteristics of the plant. Temperatures could
affect the actual flow rate at any given time, and by

affecting root activity indirectly stimulate the beginning
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of bleeding. Soil teumperature effects could have con-
siderable oadeptive significunce as it is a more dampened
indicator of incoming radiation than air temperature. In
citrus the effects of so0oil and eir temperature on plant
development can be very different, so that the level of

bud burst is greatly increassed withhigher soil temperatures,
whereas air temperature has little effect (Hall et al. 1977).
In a study with a wide range of soil temperatures (Hammond
andSeeley 1978) there was no difference in the time of
anthesis, indicating this process is not controlled by an
upwards spring movement of root elaborated hormones.

Hence root temperature did not pley a major role in spring
bud development, while ambient temperature was important.

Grossenbacher (1939) found that the periodicity of
sap exudation was not affected by temperature variations,
but flow rates were gsreater at higher temnneratures, and a
large sudden increase in teumerature immediately resulted
in a rapid increase in flow rate. So in the wncontrolled
field situation, many factors can account for differences
in flow levels.

Working with scedling, Clarkson (1976) found that
as temperctures were increased, xylem sap exudation was
faster, and furtheriore that tewperatures preceding
decapitation had « morlked initial effect on sap exudation
rate. The use of reduced pre-treatment temperature con-
ditions apnpeorently induced chonges within the vascular
system, resulting in greatly increased san flows in the
detached root system, ¢nd ©lso increasing the amount of
solute moving into the xylem vessels from the root tissue.
This shows clearly that environmental conditions can
affect the characteristics of the root system, and also
the sap coming from it - sonmetliing also demontrated with
respect to temper..ture and root cytokinins (Skene 1972b).

In his study of temper:ture effects on the rate of
water uptake, Kuiper (1964) distinguished between two
phases. At the lovier tewperiture range the mte of water
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uptake increased shaorply vith iuncreasing temperature, cnd
he suggested that .t these lower tenperatures the root
ccll membrine scts oo o hi-h snergy barrier with weter

transport Leint limited by the cancceity of the metabolic

processes involved in ectobhlicshing this awelibrone.
However, above & critical te.perature, water apparently
moves freely tarough the root cell membranes, and is largly
affected only by the viscosity »f the wat2r. Thus one can
envisage the importonce of eﬁrly nlant metabolic activity
in contrelling sah flo. rv.te, nd zence a marked increese
in sup flo.. rate ..itn ow . L1 rices in tewperature, to be
followved by ¢ ceriocd whien o contbinuing rise in temperature
doesg not further cti.ul.te water upt- ke and sap flow.

Sap wight le cxwected to flow wis long as the soil
is not dry, ud in bLoe chuence 2P any control of moisture
supply tihe ooscrvi.tion:. aere do not iudicate any relation-
ship between the osccurreacce of tenvy rainfall and the sap
flow rate imiedi:tely tollo.ing. Goil moisture levels in
the spring were robibly relotively hign and it did not

appear thr i heavy 1ein : Ltered the pctternn of sap exudatiorn.
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B, Sap Growth ilerulitors.

Observitions of kivifruit ond other plints have
indicated & re-uire..ent for tine iovement of moterials
from tne root sirctem to the shoots in order that norucl
growth and develoicnt occurs. In the control of growth,
horiiones are on< oi bhe 1liwortant agents, and Brundell
QIL976)" Tawe susccated o role for a hoiwoncl root factor in
the kiwifruit viioe. dHorly tests indicofed the presence
of substances “iti cytolginin ond gibberellin-like activity
in the bleedins san of livifruit plents, znd so furiher

observotiong verc .::de.

Althoush GA glucosides oy mnlay o role in controll-
ing the stiatuz of fres Gie ~ithin ¢ plont, or function in
the transmort of Ga.'s over lon~ distsnces in spring san
(Barendse et rl. 1907), no recard of such subutances ves
made here «fter so.:w¢ inibicl wanttisfoctory attenpts 1o

detect the.i.

Gibberellin-lii:e Subotonczs.

Bloasgryrs clerrly shoved the existence of active

%

o

gubstunces in ¢iiivri.cbse of san collected from ioture vines
in the spring of 1872, 1The levels of activity in the sap
showed only s&::nll differerices between collection dates
over a six-weel: period (Pig. 23) so no clear pattern
related to &te or .1 .nt development wes discernible. If
there was ony trend it wiis for wctivity to be declining
in the later collection, :hen new shoot grovwth was under
way. woince tihc cor flow roates were higher in the luoter
harvests, it could ¢ .eir thet the greater ruintities of
gibberellin-liiic suihst.nces vere being tronsported into
the shoots {from . bout the tiue of bud burst, and during the

early stages oi whoost <louzation.

wi1th 1l oraples sisuificunt cetivity occurred in
the region of if 0.4 - J.7 with Iag 10:1:1., and different
solvent systens were not used in order to detect qualita-

tive differences.



Similayr observitions were .ude of son collected in

S
S/

e sprinz of 175, but @ nuaber i chonges vere nedes

—
f850)
-

The solvents ucced fai extrrction .;ere chinged.

/—\
~

After rumning ©.e¢ renlicnte chromctozreas, individual

Rf's were eluted, :ud .licuoctas of each vsed in the

bioasszy- revisucly rolicoted chromatogran strins

were biouasmgayed directly.

(¢) Assessment 097 Lte =uor-r coubent of bhe bioassey
incubasite v bosed on the suse of refrectolleter, in-
stead of r eolorisétric ..ethod., Although & gorc
serigitive reifr.cto.cter v desirable, both .ethods
vere found to be nwtiof. ctory (Pig. 26), and the rc-
fractoiictric (:ctizod vwi.g uced beenuse of its sre: ter
convenience,

(d) <The sap wos ccllecscd dro: younger established vines
ususlly witi: two lenders oi cbout 3ciis. diameter ot

the base which

This econtrests withh 1972 déwen thé bleeding sap was

vere bolh removed close to ground leve

collected {fro. o very fau shoots removed from the

upner »Hurt of osluer ¢t.oblisi.ed vines.

Jdhile gignificount cetivity vwon shown to be »nresent
(Fig. 27), gibbverellin-like subatinces apreared to be
present in only low concentrstion in the s ring sap.
Activity &t o given horvest dote veried between ulonts of
apparently simil-r gize cid si..5c of development. No
doubt such differecnces zre due in port to the snnll dif-
ferences in sti.ge of vine rowth, to the differences in
relative reate of oi. wroduction, and bto other plant
differences - certninly pliab C (Lfzble 5) which vas not
typical of the otirer 3nl.ats vised, nroduced contrasting
bioassay resuvlts. ‘Phe recults vere for the conceutreotion
of sap gilbberellin-like subst:nces to be higlher follouving
bud burst than »risr to it, ¢ud z«r in 1973, for the

apparent wc.iounts of Jinberclling beinz ironsuworted to be

highest vhen shoot #rowth t.os boginning. It was of interest

that sap collected .t o tine i..ocdintely veifore .iost of

the budsg vere full - e.erged or burst, showed tvo meslis of

activity - sorietiiiang not <ho.n in cny of the other samples.
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~

Limited amount:s of scuple nrevented further observiotion of
this appoarent cuclitative chanze in gibberellins at thet

time.

Although gibberellin cctivity was not followed
through the vinter and thus the period when dormancy waos
broken, the results could sugi;est the rise in GA level
was as & result of bud uovement and so supporting the new
growth, rather tiizn causing bud breck. oSimilarly in other
plants the level of GA-like substances is greater at about
the time of bud burst (Lavender et al. 1973, Luckwill and
whyte 14668), and they cre known to be important in the
promotion of gslioot extension growth. Working with the
flower buds of coffee, Browning (1973a) found that the
g€ibberellins involved in dor.iincy release originated with-
in the buds themselves, and that givberellins supolied by

the Xylem sap viere not involved in this process.
I t

The initiation of rapid growth mey well recuire
the build up of high GA-levels which would be detected
in the eearly stages of extension growth, but once elonga-
tion is proceeding GhA-turnover may be of greater importance,
and so extractable-GA levels at this time vould fall
(Robitaille 1970). This would fit the idea of an early
increase of sap-gibberelling for whatever role they pley
in initiating shoot elongation, but which levels could
then diminish with a fulling sap flow and with their
metabolism within a groving shoot, and an increasing role
of the young leuaves in the GA-metabolism of the shoot.
This is compatible with observations on changes in sap-
GA levels, GA netabolisin in elongating shoots, and the role
of leaves in extension growth - and with the observation
that in buds GA lecvels rose as dormancy was released, but
stopped rising when rapid expinsion began, and then de-
creased as this proceded (Browning 1973a). Changes in
GA activity inay clso indicate & chienge in the role of GA,
from stimulating mitotic activity in the sub-apical meri-
stem of the incipient shoot (Sachs et al. 1957), to a more
secondary function of mcinteining cell division and con-
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trolling cell elongation in o growing shoot in associa-
tion with other tissues and hormones (Cleland 1969). In
assessing the contribution of gibberellins to shoot growth
in the kiwifruit, it would be helpful to determine their
effect on the processes of cell division and cell elonga-
tion. Furthermore the early spring rise in sap-GA may be
related to the stimulation of cambial activity at this
time, since division cen be initiated in dormant twigs

by GA application (Digby and wareing 1966); gibberellin
also enhances the mobilisation of stored carbohydrates
(Saniewski and Pieniazek 1972), and can affect the dis-
tribution of C-assimilates within the plant (Quinlan and
Weaver 1970).

In using a gradient elution technique to make
cualitative comparisons of gibberellin-like substances
there was the problem of variability associated with the
use of a bioassay to measure activity, although the pat-
terns of response were consistent. It is also commonly
found that growth regulator levels vary between -samples,
and between seazsons, and activity in these samples was
much lower than that in sap samples previously analysed.
Whether this was due to the younger age of the plants
used, or to greater losses associated with the use of the
Sephadex and silica gel columns is not clear.

Gibberellin levels in all sap samples analysed were
consistently low, occurring as a relatively broad peak
emerging from the final column (Fig. 24 ). However over
the period of observation a qualitative change occurred,
which could well have been the result of the pruning
treatment. In each of the first two days of bleeding,
activity was in the same position of both samples, and
presumably reflected the situation in the intact plant.
But in the fifth day, in the decapitated plant all act-
ivity occurred in a very different position, in fractions
emerging from the column earlier, indicating the appear-
ance of less-polar gibberellins. At this time activity was

present in the same fructions of the partially-decapitated
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plant, but in the initial test activity also occurred at
the usual position.

These results indicated that in plants with young
elongating shoots, complete decapitation resulted in a
marked gqualitative change in the gibberellin-like sub-
stances present in the bleeding xylem sap. But when sap
was collected from a plant still bearing intact shoots
both types of gibberellins were obteined. Apparently
leafy shoots alter the type of gibberellins in the sap
rising from the roots, and even partial removal of the
shoots brings about a change in the gibberellins emerging
from a cut shoot. It would be interesting to know whether
partial decapitation alters the gibberellins in all the
shoots, or just in the cut ones - presumably it is the
former. Clearly the roots and shoots are not functioning
independently, and apparently are interacting with respect
to GA metabolism. An interconversion system has been
propbsed by Crozier and Reid (1971), and the kiwifruit
vine would be suitable for further studies of the cir-
culation of root - and shoot gibberellins.

Cytokinins

Low levels of cytokinin-like activity in sap were
detected by the radish cotyledon bioassay, in extracts
prepared from the two earliest sap collections in 1973.

More detailed study in 1975 showed the large
variation in sa, activity of plants sampled at the same
time that appears characteristic of this sort of investi-
gation, and this niiltes the recognition of trends and
relationships difficult (Fig. 28). Thus at each harvest
date, one plant produced sap of low cytokinin content that
showed only a moderate increase with time; whereas the
seéond series ot plants had a higher cytokinin content
which increased considerably over the experimental period.
The trend was for the concentration of cytokinin in the
bleeding sap, and the estimated daily cytokinin trensport,
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to increase markedly at the third and fourth harvests,

and then to decline at the final harvest. That is, peak
activity occurred from the time most of the buds on the
vines were partially emerged from their enclosing tissues,
and activity was stabilising or starting to decline when
most buds were at the advanced bud burst-tight-cluster
stage. The lowest cytokinin levels were early in the
bleeding period, before any visible bud burst had occurred.

It is no surprise that substances with cytokinin-
like activity were detected in the sap of kiwifruit vine,
as they are widely found in plant sap, and cytokinins of
root origin are considered to be involved in developmental
changes taking place in the shoot (Beever and Woolhouse
1974, Davey and van Staden 1976, Kende and Sitton 1967).

High cytokinin content of root exudate of the sun-
flower and tomato is associated with vegetative growth
(Davey and van Staden 1976, Sitton et al. 1967), and in
the apple tree activity is highest during active  shoot
growth although concentration in the sap fluctuates over
this period (Luckwill and Whyte 1968). Sap cytokinins in
sycamore fluctuated in the spring, and activity was not
related to visible bud movement (Purse et al. 1976),
although as in apple (Luckwill and Whyte 1968) cytokinin
activity appeared at a time prior to bud swelling. The
suggestion of a recuirement for root cytokinins for bud
burst is supported by the data of Alvim et al. (1976)
which showed a considerable increase in sap cytokinins
prior to bud burst. Cytokinin activity in the roots and
stems of the sugar maple increases after a large surge in
root activity, and then hormone level falls abruptly
several days later as bud break begins (Dumbroff and Brown
1976). This seems to reflect the importance of these
hormones in budbreak and growth,and indicates an important
role for the roots in supplying these hormones. The early
low levels of sap cytokinin in the kiwifruit, coming either
directly from the root tips or from storage in the root
Xxylem may play a role in bud movement, but the late appear-
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ance of high activity suggests sap cytokinins are not
playing a major role in the process of breaking bud

dormancy.

Wiorking with sugar maple, Dumbroff and Brown (1976)
found cytokinins @and gibberellins begin to increase after
most, if not all, of the chilling recuirement has been met,
and suggest the synthesis of cytokinins is not the initial
step that leads to emergence from dormancy. The role, if
any, of these hormones is not clear, but high root cytokinin
levels increase the amount of photosynthates transported
to the roots and to the shoot tips (Shindy et al. 1973),
and the main function of these substances in the spring
may be to control the translocation of photosynthates and
other substances. Bachelard and Wightman (1974) in their
scheme for bud growth in the spring suggzest an early move-
ment of cytokinins from the roots which shortly before bud
break activate cell division in the apical meristem, and
then subseouently supports shoot development in undefined
ways. Various authors have indicated a recuirement for
cytokinins in the maintenance of normal shoot growth
(Aung and Byrne 1976, Jones O.P. 1967, 1973, Luckwill and
Whyte 1968, Railton and Reid 1973), although its function
may not be given. In order that normal differentiation of
xylem tissue can occur it is necessgsary that a combination
of hormones, including a cytokinin, are present (Pieniazek
and Saniewski 1968 quoted in Jankiewicz 1972), and like
gibberellin, cytokinin acts synergistically with auxin
in stimulating cambial activity (Pieniazek et al. 1970).

Further determinations of sap cytokinin activity
(Fig. 29) again show the difficulty of making accurate
guantitative assessments of hormone level based on
bioassay, due to the vuriation between replicates.
However cytokinin activity is shown to be present in the
sap for five days following decapitation of a plant, at
levels essentizlly unchanged over the first three days.

While gualitative changes may have occurred in this period,
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the bioassay indicated all samples were uniform in composi-
tion, and presumably indicates the continuing ability of

a detached root system to synthesise or release cytokinins.
By the fifth day the concentration of cytokinin in the sap
had declined markedly to very low levels, although the sap
flow rate was still being maintained at a high level

(Pig. 19). There also appeared to have been a qualitative
change by the fifth day, to give two peaks of activity.

It is suggested the loss of the shoots resulted in a change
in the cytokinin metabolism of the roots, which is also
supported by the presence of a single peak of high act-
ivity occurring in sap collected four days later when
fresh plants were decapitated. Skene (1972b) also re-
corded a cualitative change in the cytokinins in bleeding
sap of the grepe vine, from the second day after decapi-
tation.
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Dectlon 3

voruancy wid pud Burst

A.  winter Dorsancy wnd bud Lurst

In most plunts, doriicicy isc an incompletely under-
gstood condition, :ud in the kivifruit plant there is little
detailed informaetion on itgs development and loss. It is
becoming clear tuct envircnwmentnl corditions during
doriacney are very iwaportint 1n the development of the vine,
and beczuse ol ity importunice to commercial growers these

environment.l fcloure .uck Le fully understood.

Temmerature s trecacutbly of poramount importance
in the development oud beridn tion of dormancy, but there
is8 also the moswililitby of chicsical methods of controlling
bua doriaancy.

IThe dewel apuent wid 1LESE 8F formency was sbadied,
and obgservations wude of ¢h e in eandogenous hornornce

activity.

Experiment 1l  L97Fuy 19T, 19T 14 1NTE,

Freliminig § & Imcovilion® N tiee winter ef 1973
with single-node¢ sltew cubbtings of Sruno nad indicated an
increase i Lhe rite ol bud burst s spring approached.
Thus material collccted in ecarly July took nearly twice as
long to give 1U0,0 Lud burst, s wcterial collected in late
July or enrly Au ust - il less time still was reauired

with a late august W rvost.

(a) Murt:er ohucrvatbion. ..ére wide in 1975, including
the applic:tioi of rowbtin regulators by standing the

explants in . leruwond BOLution. #HMaterigl. was held tnder
. R e -4 0. ; .
continuous tluorcseenl ligit b 317C, and solutions viere
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changed twice & week.

Results

Wihen Bruno wood wus collected on 29/5/75 many
leaves were still on tne vines, but they could readily
be detached. after o period of 39 days there was no sign
of bud movement in uny of the 18 buds on cuttings in
each treatment: woter, 5Onppm GA3, 50ppm BAP, or BAP+GA
(50ppm each).

3

#hen ¢ simil:r second collection was made on 1llth
August,after two \ceks the controls showed 94j bud burst,
and 39j% in the onrescnce of &AB. At that time several of
the cuttings receiving cytokinin nad dried out, but taere
was no sign of bud aoveaent. Uibberellic acid markedly
inereased shoot 1zmzth, and tie incressed rate of bud

development is showmn below:

Lffect of Gibberellic acid on :te of Bud Burst

Ho. buds =t lewst fully burst. (max. 18)

+7 doys 1Y diys +14 days
Control o s b 17 NS
+GA 7++ 13++ 15 NS

Significance deteriined at euch dzte by analysis of
variance, and indic.ted: [ Non-significant

T Significent (1%)

This experinent repeated with the Abbott variety
collected on 25/8/75 at a stage when the first one or two
buds on tne vine were showiug signs of bud movement.
After 26 d.ys o siawil-r proportion (52 - 67w) of the buds
had moved in ecci: of the four trectments, most to beyond
the bud burst stcse, (.d in thiose exnlants receiving GA3

shoot growth was _re: ter (Plate 2).
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(b) un 26 day 1977 .bbott exslunts were prepared, ond
both ends dipped in 4000ppin (JA3 in 504 ethanol, and again
four days later, then held in viater at 2300. Bud burst
began at the same time @s the controls, and rose to 26
compared with 38, in the controls. iihereas stem cuttings
usually produced :. siort shoot with large, dark green
leaves, gibberellin trecatment .i.rkedly altered bud growth
there was pronounced stem elonzation, and the leaves were
very small and light sreen, with .iorked hairiness on tahelr

upner surface.

(c) In 1976 'nd LY77 record:s ot bud burst behaviour of
one-node Abbott cultiiysg icld ander continuous light at
2300 showed tiie loss of bud dorilancy.

Pable 8 preseunts bi:e resultls of tie control (defoliated)
treatment of uxperiment 2 in Section 3B. Jimilar results
are also gshown for a: tericzl collected at 18 doy intervals
in 1977 (sec also i'ig. 32). 1lhe time recuired to achieve
50 bud burst is a useful tisure for compzrison, and also
indicates the meon tie to bud burst for o group of cutt-
ings (Antcliff «nd iioy 1901).

Table 8: Bud Burst L vifferent uarvest Dates

(i) Abbott 197¢

Harvest 4 Bud burst o oving vays to 50,
Date okt 2R, dily s at ©3 days bud burst
22/1 T3 87 14
23/2 59 02 16
12/4 38 L 27

1/6 3 40 28

5/T 98 (21 duys) 100 15

23/17 93 (18 days) 93 - 13

4/8 94 (15 days) 94 11

g © 100 (lu days) 100 8

. *Hela 259
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Table 8: Bud Burst at Different Harvest Dates (Cont.)

(ii) Abbott 1977

Percentage bud burst after (days)| Days to| liax.
50% BB | % BB
Harvest 11 14 21 28 38
date
4/4 4 20 55 73 83 20 83
22/4 0 5 30 56 83 26 83
10/5 0 0 0 6 46 44 51
26/5 0 0 6 28 38 - 38
13/6 0 0 13 41 45 46 49
26/5
+Cooler® 0 2 46 68 B 22 72
Wi 0 4 58 62 64 18 64
18/7 0 15 57 61 63 17 63
28/7 20 80 87 - - 13 || &7

®He1d at 0° - 1°C for 25 days.

Deepest dormancy in 1976 occurred in the buds at
1 June, the behaviour of which buds contrasted markedly
with buds at subsecuent collections. Using actual temper-
ature records and the nomograph of Spreen (1956) the degree
of chilling was estimated from 1 March, so that for maxi-
mum bud burst (ie. >90%):

Harvest date (1976)

1 June 5 July 23 July
No. Hours< 7.2°C 312 768 970
No. days 22°C 34 21 18

This indicates that after exposure to a relatively
low (approaching 768 hours) level of chilling, rapid bud
burst occurs. But all samples showed almost total bud
burst eventually, and the calculations above suggest warm

temperatures are more effective than chilling, in breaking
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dormancy eg. buds tuken at 1 June (cf 5 July) and given

an additional 312 hours (13 days) at 22°C behaved like
buds given 456 hours of additional chilling. This response
is the same &s dormunt grape buds (antcliff and May 1961),
in that the hours otf chilling given is greater than the
resultant reduction in time at wviarm temperatures needed
for bud burst. llowever, .len buds were collected on
26/5/77 «nd held :.t 3300, Lt ere was no sign of bud move-
ment after 23 days, w«t which time 224 were moving where
held at 23OC - 1e. very higin temrer. tures did not promote

bud burst of dorment buds.

During the winter of 1977 buds collected on the 1lst July
burst more rapidly tiuen those taken earlier. By calcu-
lation it was estiau.ted there hoad been 920 hours chilling
(at less baan 7.2Q) o 13 June, -@#nd o670 hours to lst July,
and the charuacteristics of buds from tune latter harvest
appeared different irowm the tywvically dormant June buds.
Again it apreared ag it i l.te June, only ofter about
700 hours chilling do dor.unit buds behave as they do in
early autuwun and owring, itz o high degree of bud burst

that begins ecrly and roceed: ronidly.

(d) The ability oi worm tesperatures to substitute
for cold temperutures in the Lrec.zing of dormancy was
studied in the autuan of 1Y73. wune-node Abbott cutiings
were horvested on 23 way (130 hours field chilling) and
held in wuater for 24 days (57¢ hours) at 0, 4, 8, 1z, 16,
20 or 2400 in the dork, betfore being trensferred to 2400

and continuous light.

Bud burst of the % budgc per treztment is shiown
in Fig. 31. (his shows the rapid bud burst following
storage in temper: tures €12°¢, cond delayed bud burst =t
warmer témperctures where the buds had not previously
received such @ ciilling trectient. when the data is re-
arranged (PFig. 31) to show bud burst from the end of the
pre—treatment (stor: ze) teaocroture, it can be seen that

bud burst was high ia 11 trestnents and that cold temperu—
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ture storage did not increase bud burst. There was &a
suggestion that bud burst was reduced by storage at the

lowest temperature of 0°c.

sxperiment 2 1975, 1977.
In one test of growth regulator effect on bud

burst, the hormones were anplied in lenolin to ensure

they were zbsorbed into the bud tissues. Firstly, Abbott
cuttings viere token in ecrly Aiugust and maintained at

about BIOU under continuwous fluorescent light. The lano-
lin mixtures were opnlied on tiie uw-er cut surface of the
explints, ond closely cround the bud after the swollen stem
tissue envelomnins the bud itied Leen rcumoved., After two
weeks, limited bud burct Liad occurred in the controls,

but no moveitent ii:d occur.ed inn fre linolin treatments,

in which latter o1l tuic bud.o vere decd.

Wwith uotericl wrrvested on 16/8/75 an experiment
was laid dovm to deter.aine hether it s the lunolin or
the stem mutilation iioat delayed bud burst. Agoin one-
node cuttings (15/6eotcent) wore ucintained ns above,

and treatced tihiug:

frectivent 1 Coalrola

Treatiient 2 de.dov Cicente eue Lbosing bud.
Lrectment 3 ag in (2), bmi L anelin ; 23291icd to top of
gxal L ¢ round oud .

.iesul ts

Frow én crrly & be i¢ .7 clcer buds in treatient
one vwere .ore 2dv nc..d, &ad raiined alhiead of those in
trectment two. Wiore linolin Lan 2lso ap lied there vos
an even groe:ter delq-y, w.d :uy buds were killed

- as chowi in thce follewirn™ thle:
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Humber buds at least fully burst (max. 18)

+9 +12 +18 days
Treatment 1 12 18 ' 18
Treatment 2 ) 8 18
Treatment 3 ) 4 8
(9 dead)

Clearly bud burst .:zs deloyed by removing the tissue
around o bud, and lonolin was very detrimental to bud

cgrowth.

Farther observotions were nade in the vwinter of
1977 on the effect on bud burst of the tissues surround-

@

ing the bud,

Une-node Abbott cuttines viere held under continu-
oper Javehitn @ik 23°C froa » rve ts made on 10 lay, 26 HMey,
and 28 July. On eccl d.te one trectizent consisted of
removing all the tissues surrounding the bud in comporison
with untrected controls :nd :.t the two ezrlier dates other
cuttings had only enough tisuue reoved to allow the outer

5 — 6 bud sccles to be rcioved.

Results.

~on 21l occnsions bud burst was strongly promoted
by removcl of tlie tissue surrounding the bud, especially
at the earliest nirvests when the buds were &t their
most dornont stage. It was lso clear thot this pruning
treatment resulted in clmost total bud burst, compared
with the lower levels aschiecved in the controls (Table 9,
Fig. 32). An clinost identical resw»onse followed the
removal of the bud sceles.
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Table 9: Bud Burst (,») Pollowing Pruning Trestment

| Kazx,

12 212 28 33 7 Bud

Harvest Treatment doys dsys days days Burst
10 Hay Control 0 0 0 46 B
- Bud scales 0 67 93 = 93
- Stem tissue 0 o/ 100 - 100
26 MNMay Control 0 9a 28x 38 38
- Bud scrles o) 39b 69y - 69
- Stem tiszue 0 47b 68y - 69
23 July Control 33 87 - - 87
- Steir tissue | 100 100 - ~ 100

MAnalysis of viriwuncc, nmuibers buds burgt:

(2) larvest 10 hliny. Uescale cf. Control - treatment
differences significant (p=0.01) at
22, 23, 30 days

(b) Harvest 26 llay. Trent.ent differences significant
(p=0.01) at 22, 28 days. Treatment
effects sliovr zbove by Duncan's
[lultiple Range test (1),

(c) Harvest 28 July.Trectiuient differences significont at
12 (1,:) and 22 (55) days,

There is =no obvious explinction for the contrast-
ing behaviour shovwir in 1977 with thot demonstrated above
in 1975.

BExperiment 3 1978
A further study of bud burst following wounding was

made, and the npossible invovlement of ethylene investigated,

Stem cuttings of Abbott were prepared in the usual
way after harvesting on 24 lay, ond vith eighteen cuttihgs
each the following treatments were apnlied:
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FIG. 32. BFFAECT OF PRUNING TREATMENT ON BUZ DURDY Al TiRiE [JARVEST DATES,
(a) Tissue removed around bud. (b) "Bud scales" removed,
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Treatment 1 - Controls
Treatment 2 - ‘'lissue cround bud reroved
Treatment 3 - Two cuts »c.de on either side of the bud, in

the gwollen petiole Dbase.

Treatment 4 -~ Soaked for 30 mmins. in Ethre1+200ppm
Treatment 5 -~ " noon " " " 2000ppm
Treatment 6 - i . W ¥ " “  10000ppm
Treatment 7 - it U ¥ S " 20000ppm
Treatment 8 - 4s in (2) with FPorafilm and lanolin

apnlied c.round bud.

*487 ethephon

Results.

The rate of bud burst wos zffected by sthrel
(ethephon) or treatiient number two (Fig. 33). Bud burst
was enhanced by removing the bud's surrounding tissues, an
effect that was lost if lenolin was applied frecuently
around the exnosed bud. Fhysicol wounding by cutting was
ineffective, and ethylene trcatment delcyed bud burst at
all concentrations - totally nreventing bud burst over a

T-week period in the two hirshest concentrations,

Experiment 4

It was ©lso of interest to determine whether the
presence of roots wog favourcble to bud burst in the spring.
Initially this was observed in the winter of 1973 by taking
a number of rather weak and viriable Abbott plants. Plants
were taken into a hected glasshouse in early July, ecrly
August and mid August, and on each occasion the tops were
removed from half the plsnts and placed in water,

In each sanpling, buds burst at about the same
time in each treatment ie. in the presence or absence of
root system., llowever the rate of bud burst increased with
the later samplings, total resnonse taking 45 days in
early July, and 18 days in mid August.

In Januory 1670 cuttings of Abbott were rooted, and



% Bud Burst

100 |
Control
0(8)
75 A
50- n.----.-n(4)
23
‘.,a@-“.‘”l AAAAAA ‘v¢o®.
(5)
TTI0 20 T30 140 " 50
Days
PIG. 33. EFFECT OF ETHEPHON AND PRUNING TREATMENT ON

BUD BURST. TREATMENT NUMBERS SHOWN:

(2) Remove tissue. (3) Side cuts.

(4) Ethephon IOOppm. (5) Ethephon IOOOppm.

(8) Remove tissue, seal with lanolin.
Harvest 24/5/178.
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grown in a gliisshouse in plastic bags of peat and sand to
make up to 4' of growth. They were placed outside in the
winter, and cut back to about 9". On the 10th July

(5 weeks after the leaves werc frosted off) and also on

7 August, 48 plants were taken into & room held at 21°¢ and
with continuous fluorescent light. On each date the tops
of half the plunts were removed, und plcced in water, and
bud movement recorded for all plants.

Results.

The rate of bud burst wis similar, and very rapid
in each of the two suiaplings, being only a few days
faester in the sccond sampling.

Table 10: The effect of Root Removal on Kiwifruit

Bud Hurst

(a) Buds moving (,.)

sample 1. 10 July |Jample 2. 7 August
9 11 13 6 9 12 days
- Roots T4 83 95 67 91 91
+ Roots 62 100 100 |96 100 100
(b) Bud burst ()
- Roots 5685  74NS  91Ns|4ews 91t o1?
+ Roots 3398 92NS 100NS |67Ns 100" 100"

Significance test by analysis of variance,
NS Non-significant * Significant at 5% level.

Clearly, on each occasion the rate of bud burst
was not altered by the absence of the root system, although
subsecuent growth rote was reduced. In the intact plants
sap flow (and bleeding) occurred soon after placing plants
in the warmth, but it is suggested it did not contribute
to the early stoges of bud burst, as bud burst was not
affected by the absence of the sap flow.
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Without disturbing the root system of these plants
it was not possible to observe very much of the root
system to ascertain when new root growth occurred. When
plants were taken into the glasshouse no active root tips
were present within three days, before there were visible
signs of bud movement - although moisture content of the
buds would have been increasing (see later).

Further observations of root growth were made in
1977 using well established multi-shoot Abbott plants
which were transferred into root-observation tins at the
end of April. Seven plents were brought inside under
continuous low fluorescent light at 23°C + 1°C on 12/6/17,
and another seven on 10/8/77. following which early bud
and root growth was recorded.

The plants varied somewhat in the number of new
roots recorded, and when root growth began, but certain

trends were clear.

(i) Early (June) sample

Newly extended roots were usually present after
15 days, at which time the one or two most advanced buds
were at complete bud burst, and lateral roots appeared at
26 days. The number of elongating roots showed an increase
at about 19 days, the time at which the number of buds
visibly bursting was rapidly rising, and shoot elongation
soon followed.

(ii) Late (August) sample
Root growth and bud burst occurred sooner than it

did in the June sample, - by about 6 and 12 days respect-
ively. This may suggest a differential effect of winter
chilling on bud development and root development.

Root growth occurred by the eighth day, and became
most rapid in the 11th day. All plants had some fully
burst (emerged) buds on the third day, and marked stem

elongation occurred on the 1llth day. Over the period of



% of total number of new roots that were
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FIG. 34. KIWIPRUIT ROOT GROWTH. (Mean. of 7 plants each.)

"a" Pirst bud on plants just visibly moving.
"b" Several shoots on each plant starting to elongate.
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observation plants of both samples produced a similar
total number of roots, the pattern of growth of each

being shown in Fig. 34.

Hence, with both samples root and shoot growth were
linked, root extension beginning ¢s the first buds showed
signs of emerging (June), or else following bud movement
by 5 days (August); @nd where individual plants had more
advanced root develowvwment, they also had more advanced
bud/shoot development. A noticezble rise in root activity
coincided with the presence of a large number of bursting
buds (June), or the early rupid extension of shoots (August).
Although root clon<y .tion is not a measure of root metabolic
activity, thesc results sugmiiest root growth was supporting
the simultaneous ¢rowth of tiie buds @and shoots, rather

than precedin:s it and thercby i1nitiating bud development.

=

dxperiment 5 1975

Using matericl of the vieriety Abbott, changes in
the cytokinin level oi buds durin;s bud burst were followed.
A comparison was made between buds receiving natural
chilling in the field while attached to the parent plunt,
and buds on uetucned shoots chilled in the cold room.

wiethods.

Un 29/5/7% cuies were cut in the field, and only
the middle portions otf individual shoots were used. Then
150 buds were collected, and as for all samples analysed
they consisted of the bud and its surrounding swollen
petiole base, All bud samples were frozen, and later
freeze-dried, then held in « dcepr freeze until all samples
were extracted and wnalysed together in January and

February following.

From thie lLrvest, lengths of shoot were also placed
in a plastic bag in 2 cool room at 39 - 4OC, for arti-
ficial chilling. after o weeks chilling, on 11/7/75,
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these shoots were cut into one-node cuttings ana placed in
water in a cabinet at 23° - 24°C with a 16 hour daylength
to induce bud burst. At intervals 132 buds were harvested

and stored, as described earlier,

A second collection of wood was made from the field
on 11th August ut wnich time sap bleeding was occurring
but there was no sign of sud burst. osxplants were held
as above, and simil::r bud collections made to determine

cytokinin activity.

sxtraction and purification of these samples was
based on the method of llewett 2nd Jareing (1973a), and is
shown in Fig. 35.

Notes

PVP slurry - [he usc of insoluble polyvinylpyrrolidone (PVP)

as a highly effective purification of gibberellin-like
substances in plant extrccts was described by Glenn et al.
(1972) and has subseruently found widespread use (Bowen et
al. 1973, Williams et al. 1974).

The sample in wabout 5Jcc .water, ©0cc methanol was
added to 5Sgm Plyclar Al (2%0 - SOO/uM) and shaken 30
minutes. After filtr:tion, 75cc T70j% methanol was added
to the PVP, shaken 30 minutes, filtered, and the solutions

mixed.,

Biorad column - The aciditfied methanolic extract was then

passed through the column. 'This was a 17 x l.7cms packing
of Bio-Rad AG 50v - x8 100 - 200 mesh in the HY form. The
resin had been washed with 100cc 1N HCI and then washed
with water until acidified eluant showed no reaction with
silver nitrate solution. +Then 40cc 70% methanol (pH4)

was passed through the column, before adding the sample.

After the sample had been applied it was eluted
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Bioassay

Fig. 35
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162.

dried sample

Extract 3°C in 320cc 90% MeOH 24 hours

(2 changes).

"Agueous

Reduce to about 35cc. Filter

" phase

Slurry with PVP
Filter

dlethanolic extract

Apply to

Adjust pH 2.6

Biorad colwum 50W - x8

slute with NH4OH

Reduce to about 100cc

Acueous extract

Adjust pH 8.0

vwater-saturated
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Partition 4 x
n - BuUH

phase

dry

Butanol phase

reduce to dryness
on rotary evapor-
ator.

Run chromatogram

Bioassay

Bxtraction of CUytokinins from woody tissue
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at 4cc/minute with 7%cc 2N NH4UH followed by 330cc SN
NH4OH, and the eluate collected.

Bioassay - After partitioning, the alkaline-butanol phase
was dried, taken up in methanol, and streaked on paper,
Whatman 3I01 pre-run in distilled water. One ascending
chromatogram of each sample was run in distilled water
(pH5.6), and 10 Rfs from each bioassayed with soybean
callus (NMiller 1963). The aqueous residue of each sample
was taken up in methanol, split in two and dried, and also

tested with soybean callus,

tesults.
The stage of bud development ot each sampling are

given here:-

PH harvested 29/5/75. Dormant, minimal winter chilling.

A. Artificial chilling

PO harvested 11 July. UVormant, after © weeks chilling
3 = 48
P5 harvested 16 July. No sign of bud movement.
P9 harvested 20 July. 48,0 just showing visible signe of
the start of bud burst.
PlBharvested 24 July. 38 buds fully burst, 52% swelling.
(On 31 July 1004 of buds at least fully burst)

B. Field chilling
P, harvested 11 august. Dormant (15 days before visible

bud :uovement in field).
12 harvested 16 August. <50 buds just visibly moving.
P, harvested 18 August. 44, buds just showing visible
signs of the start of bud burst.
P, , harvested 21 August. 3us buds fully burst, 6076
swelling.
(On 24 August 93, buds at least fully burst).
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Uther data about the bud siuaples used in the zcnalysis 1s

gFiven below:

Harvest No. buds Preshi wt(g) bry wt(g) Water r
content %
29.5 By 150 33.8 9.403 72,2
11/7 Py 188 35.00 10.320 70.6
16/7 Py 132 23t 6.638 71.9
20/7 Py ise 26.1 6.902 73.5
24/ Py 4 131 29.4% 7.025 76.2
11/8 Py 130 27.9 8.384 69.9
1c/8 Ps 123 26,0 7.€18 70.7
13/8 P"/‘ Yy 8.9 7.865 72.8
B1/8) 1,0 128 ~ ° 38.2 §.872 76.8

It cair be seen that vwitlhiin each series, sampling
was at simil r stages of developuent, but the rate of bud
development was noticeably fuster in the field-chilled
material. “1This i3 also reflected in the data showing the
greater rate of wccumulation of watcer in the field-chilled
sample.

The resultec of the bioasszy oi the individual
chromatograas cre given in #ig., 36 «nd Table 11. Unfortu-
nately there wus comue wctivity in the non-chromatogramned
waste acueous plhicse, althousgh it wos generally very low
compared vitn the olkaliac n-buianol vhocse,



Table 1l: Comporigon of Cytokinin levals in buds during

bud burst (kinctin ecuivalents, butanol phzse).

Lreatment  iarvest ng/ sud pg/em Foit. pmg/gm Dait,
B, 29/5 0,05 0,22 0.80
Artifici&l PO ey 0. 08 9,59 1.70
chilling P5 18,47 SO Senlll 0.41
P9 W AT i 99153 6.00 gi2mo
1 0 T < f‘,\‘)‘ < I~ >
1_1-34// el O il ,26 D.d7
L L1/ w9 1.35 4.50
Field [ [ 1.28 6433 21.59
chilling r7 1% 48 i 9,58 35.19
r1(31/5 1.99 3.64 15.69

‘he results gshiow that bud cyiokinin levels were low
when collected in the autwm but thaet following either
chilling tre:utmnent, cctivity increwused during bud burst,
and then declined «s shoot growth began. However activity
tended to be higher in buds following natural winter chill-
ing in the field, and this wag most nsticeable in their

earlier marked incrense in cytokinin activity (ie. PS)

In addition there appenred to be a change in the type
of cytoxininsg present, from the mid-Rf's in autumn the
earlier itf's ofter field cuilling and during bud burst.

The changeover occurred l.ter, when the buds were artifi-
cially chilled, although such an apparent cualitative

effect would recuire further investigation.

Experiment o 1976
' During bud burst in the spring of 1976 a comparison
was made of cytokinin nzctivity in both the buds and the

xylem sap ot estiblished Abbott vines.,
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Methods.

On each of three dates one vine was cut off near
ground level and buds 2nd bleeding sap collected. ‘The
buds were separcted from their surrounding tissue and
frozen, and extracts purified esuenticlly as in Fig. 35
before wnuper chromatosrao-hy. osap froa the first day's
bleeding was frozen before the cytlakining were extracted
as in PFig. 25. after chronctograpny, duplicates of caci:

sample were bionszsayed with zoyitean collus.

desults
Details of tiie smuaples collected wre:

tlarvest| Bud de. i'resh ory o1aTure
Date Jtage buds wt. (g) wt.(g) AR out.
14/8 About to

emerge . 1gg IS . T2 4.35 05.0)
18/8 Jtarting

to emerge 145 12.93 3.75 71.0
23/8 Almoct

enercred 103 11.33 2.91 1544

2

Vs, san/nlcas/Cay Area cut shoots (ca“)
14/8 11383 16 .37
13/8 562 10.87
23/8 412 703 B

The results »f the biotssay of the butanol froctions
are shown in Fig. 37, and relative activity compured .iish
kinetin standurds is shown in lfable 12, The non-chiromato-
graphed Aqueous extricts werc inuctive, except for the

second sap sample wnich just reached significance



(gm.)

weight
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2.4-

I.6

0.8

I4 August &
2x I20cc
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0.8

004"

2x 67

FIG. 37,

I8 August
2x IIIcc

B — BUD CYTOKININ

2x T2 buds

23 August
2x I20cc

2x 51 buds

Rf

SOUYBEAN BIOASSAY OF BUTANOL SOLUBLE CYPOKININS IN BUDS AND SAP

DURING SPRING BUD BURST.

Control level,

— — — sgignificance (P 0.0I)
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Table 12: Comparison of Cytokinin levels in sap and buds
during bud burst (kinetin ecuivalents)

Harvest 14 August 18 August 23 August
Sap pg/litre 89 52 32
pe/day 91 23 L3
Buds ug/100 1.02 9.69 0.68
buds
pe/Ke | |
F.it 55.6 38.7 29.6

All three sap sumples contained o .noderate level
of activity, cnd «s bud »nurst proceeded both the concen-
tration in the sap, and the cmount transported in one day
diminished; - this is still true if one allows for the
increased arez of bleeding-stem at the first sample. T[he
same downward trend occurred in the buds taken from these
separate vines at the same time, the highest levels occurr-
ing in buds not yet splitting the enclosing bark, although
the first few buds were just emerging on the vine.

Experiment 7 1976
As woody stem tissue is a possible source of growth

regulators influencing bud movement, cytokinin activity
was determined in stem material harvested at different times.

Method

Using a single Abbott vine, one-year old wood of
moderate length likely to produce flowering shoots was
collected on four dates. At sampling buds were removed
and discarded, and 20gm fresh weight of woody stem was
extracted with 90% methanol, purified and bioassayed to-
gether in August as in Fig. 35. In addition disbudded
surface-sterilised wood collected in the autumn (25 May)
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was held in a plastic bag at 2°¢ for 82 days.

Results
Details of the stem samples are:

Harvest otage Vine Jevelopment Dry wWt.(g) lloisture
No./Date % Pt
(1) - 18/2 | In active growth, neg-

ligible nwnber of fruits 4,763 76.2
(2) — 3/5|liost leaves beginning

to yellow. 7.145 ©4.3
(3) — 25/5 | rfotal defolistion by

frost 3 days earlier. 7.535 62.3
(4) - 25/5 | tlaced in cold stor-

age for 62 days. 7.320 63.4
(5) - 14/8 | First few buds on

vine emerging. 6.450 67.7

All field samnles sno.ved 2 siamilar level of acti-
vity in the butznol fractions, but it tended to be lowest
in the spring sample (Fig. 33). The highest activity was
shown by the smuple given artificisl chilling, and it was
unfortunate the renlicate chrounto:riuas resvponded so
differently at thec position of hishest cctivity(Rf 9).
Hence the values for gsamnle number four in the table below
may over-estimate cyiokinin content. The residual acueous
phases had low but significant activity in the most active
samples.

Stem cytokinin (butanol soluble) activity (kinetin

equivalents)

Harvest 18/2 3/5 25/5 +Cooler 14/8
Sample No. 1 2 3 4 5
Activity

/ug/lOg F.it 5.5 3.2 3.6 13.1 2.6
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FIG. 38. SOYBEAN BIOASSAY OF BUTANOL—SOLUBLE CYTOKININS

IN KIWIFRUIT STEMS.

Control level, ___ __significance (P 0.0I)
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Experiment 8 1977

A single mature Abbott vine was sampled at inter-

vals during the winter and spring of 1977, and cytokinin
activity determined in the buds wnd cne-year old stenm

0. -
6°C for 66 days

: . ] . ] 0
tissues, including vood stored =t 5 -

after being horvested in the outunmn.

axtraction :nd =nurification we.: similer to that in
Fig. 35 except that:
(a) a slurry with 10gm Polyclur il was used.
(b) the samples were roi eluted from = cation exchange
column.
(c) following the FVP slurry,the arueous extrzet (pH 3.0)
was partitioned with netroleum cther, .
Bxtracts from 3Jagm stea tissue and 110 buds were
bioassayed for cytokinin activity with soybean callus,

and compured with BAP stand-rds.

Results
The stages of vine development over the sampling

period were:

24 MNay. Leaves slightly yellowed, light leaf fall, buds
at deepest dormancy.

13 June. Most leaves now fcllen (frost).

30 Jﬁne. Bud dormancy broken.

29 July. No visible bud movement, some bleeding occurring.

12 August. First bud visibly bursting.

18 August. 205 buds visibly bursting (bud swell).

The bioassay results are shown in Fig. 39 and they
indicate very low activity in all samples, possibly due
to omitting the use of a cation exchange column in the
purification. Activity was just beyond the range of the
stahdard curve, but by extrapolation the following values
were calculated as an indication of the trend shown:



_ STEM TISSU: (30gm) BUDS (110 /biovasszyr)

24 llay
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L | L—L_L_r—f—J_1
~0 | .

& 24 May +66 days 6°C

- L i
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| N e |
ol . I
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ol 7

—

Rf Rf
FIG, 39. HISTOGRAMS OF CYTOKININ ACTIVIIY IN KIJIFRUIT
STENS AND BUDS DURING DORMANCY.

Control, — significance P 0.05
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Cytokinin activity, BAPY ecuivalents

Harvest date Wood - ug/kg Buds - mug/1000 buds
24 Liay D65 -

30 June NIL 0.14

24 May +cold room 1.6 -

29 July 2.2 0.30

18 August 3.5 0.96

Cytokinin activity in the stem tissue was very low
during bud dorimancy in liey and June, but showed an increase
after July or following cold treatment - although the
chenge in sctivity following artificial chilling was, as
in 1976, not grect. sSimilurly in the buds, cytokinin
activity was lovw in tic .ianter, «nd only showed & notice-
able increcse wien visible bud .oveunlent occurred in

August.

Bxperiment 9 1978

Stem tissue of Abbott wood ;o3 again used to
determine cytokinin aztivity following different degrees

of winter chilling.

Method

One-yecr old wood wrg hervested on 18 llay (90
hours field chilling) debudied ¢nd held in water at 4°c
for 168 or 960 hours before extracting as in Fig. 35 and
bioassaying the purified extruct with soybean callus.

Results.

Bud burst of intact shoots was enhanced only
following 1050 hours chilling, and cytokinin activity is
shown in Fig. 40. Both chilling treatments gave only a

marginal increase in cytokinin activity over the level
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present at harvest in lay. The low cctivity of 6.5 ug BAP
equivalents/Kg fresh weicht ot horvesting, increased to

7.8 and 7.2/ug/hg for' the #6838 wnll L0500 houvns cold Tresztments

resypectively.

Sxperiment 10 1378

Buds were extr cted :nd i34 activity deteriined in
the autumn and winter to study Lhe nossible relationship
of bud-ABA activity to bud dorauncy.

ilethod.

Buds were hirvested from meture abbott vines at
the dates shown b.low and purified as in Fig. 41 before
bioassaying with wheat coleoptiles. Similar extractions

were performed after storage of the buds.

Treatment 1

Harvest 2 April

2 - Harvest 23 day (139 hours-<7OC).

3 - Harvest 10 July (685 hours 2720,

4 - Harvest as (2), then store 4°C to 10 July.

5 - Harvest as (2), then store 4°C to 6 June.

6 - Harvest as (2), then store 24°C to 6 {Pne.
PVP Column -

Polyclar AT (125 - 250 mesh) washed with water
and fines decanted off. Pack column 15 x l.5cms, eluted
at 3cc/min.
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Buds sliced into 200cc 80% [IeOH.

Extract 24 hours 4OC. Filter.

Re-extract 250cc 80,0 kieOH 24 hours.

Rotary evavorator 350C

Aqueous phase

add ecual volume 255 amaonia,
reduce to small volume. Refrigerate

overnigut.

Centifuge gogoou
15 minutes 4°C

Vecont, adjust pH 3

Apely to 1VE Column

slute 0.013L P buffer pil3
CGollect elusnt 50-140cc

il RS
Portition 3 x ecual volume
diethyl ether

Aqueous Dplicse wther phase

Dry, store

diocssay

Fig. 41 wxtraction of Abscisic acid from buds.
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Chromatography -

The dry ebhe: ©@lroct “med TokE&R =y in i tlhenmeld
and streaked (15cwm) on sre-run ‘Whitnen No.l naper. dun
20 «w i iSoprepnod: Soedwg wetew L0/1/1; dry hin
vacuum oven 12 hours then cut into strips of 10 Rf's.

Bioassax -

'Aotea'’ wheat seed soaked 2 hours, then germinated
in dark at 2500 for 3 days until coleoptiles 2 - 3cm long.
Thn 10mm coleoptile sections cut from 3mn below the tip
(done under green safe light) placed in a 40 x 25mm vial
with Rf strip. Add 2ml phosphate - citrate buffer pH 5.3,
rotate at lrpm in drk 25°C for 20 hours. Sections then
killed with methanol and measured on an enlarger at 3.3 x
magnification, and compired with a series of ABA standards.

Results

Bud burst was slow in buds collected in April, May,
or cool stored to 6 June (496 hours), but it was rapid
when they were harvested on 10 July (685 hours chilling)
or cool-stored until that date (1280 hours chilling).

The ABA-like content of the buds is shown in Fig. 42
which indicates an increase in ABA activity in the autumn,
followed by a decline with storage or the end of dormancy
in the field. The values indicated for ABA content refer
to that activity active in the bioassay, and so could be
doubled if one assumed a 1:1 mixture of ABA:ABA isomers.
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180.

B. Correlative Inhibition (Summer dormancy)

A series of observ: tions were made on the effect
of roots and leaves on bud burst in the sumaner, of single-

bud plants or cuttings.

Experiment 1 1974

In mid January @ number of single-node cuttings
were taken from the mid shoot nositions of Abbott vines
growing in the field and tihe leaf on each cutting was cut
in half.

The treatments consisted of:
Treat. 1 Single-node cuttings as above.
2 uxplants held under mist propegotion 12 days
to give mwrked bacal callus,
3 4as in (2), but callus removed on removal from
mist unit.
4 pmxplants given IBA (0.8,2) basal dip, and rooted
after 29 days under mist.
5 Uxplants as in (1) plcced in a BAP solution
(10ppm).

At the required time, explants in randomised blocks
were placed in & glc.sshouse vwith tungsten lights extending
the daylength to midnight. udxplants for treztments 1 - 4
were held in a peat/sand mixture (50/50) and watered
frequently.

In addition to these treatments, explants which
had only callused after 29 days under mist were used in a
comparison (Treatments 6, 7) of bud burst in the presence
or absence of a half-leaf - which was removed from hzlf
the explants on 17/2/74.
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Results.

The results for trezt.ents 1 to 5 were:

Number of buds woving in »recseisce of leaf.

Treatment (1) () (3) (4) (5)
Control +Uallus+ vecallus +Roots +DBAP
No. plunts/treat. 24 163 [(esl] ) 23 34 29
19(+L)
At 30 days
nuaber burst 0 2(-L) ) 19 3
Vel )

TCallused explunts from whicl: the bissl e¢zllus was not

removed were wuuerkedly nrone to v ter stress in the plass-
house. This res:.lted in le:.t burn, 5o thet within 7 days
half the expluntes Li..¢ loast thcir lef, ond it was only in

these ones that bud movement cccurred.

Thus no bud breal occurred over 30 days on rootless
cuttings, or wien callused on the bise - so long as they
bore & half-leaf., It had besu noted tle .t on leafless non-

rooted cuttingc under mist, -nd exsl:nts that became

defolizted in the gl:isshouse, the buds often burst, wnd so
o ? ’
after a pewiod the leaf wiue rosovad from wll explants and

1
bud burst agnin deter.ined. Lhe effcct of defoliation on

the nmaterial above is shown:

Number buds burst cfter reaoving uibure half-leaf

Treatment (1) (2 (3) (4) (5)
Control +Callus Deczllus  +Roots +BAP

At defoliation 0 (45) 8 (31) 0 (31) 23 (36) 13(45)

20 days after
defoliation 6 20 21 30 27

!

The figure in br.ckets indicates the period in the

glasshouse before defoliation was performed.
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Clearly when the lexf won removed rapid bud move-
ment occurred to give =lmost ccaplite bud burst in all

except treatment one.

This inflibitory =ffect of & subtending leaf or bud
burst was reduced by the »resence of rosts on the cuttings
where 645 of sucli buds werc aoving after 30 doys. It
was interesting Ghi--t the rensonse wias gSrenxter in those
expleants tliat initi®lly kod ti€ lurgeér cmount of reot
ie. 836 c¢f 44,» bud burst.

supplying Bar to tlhe rootless cuttings induced
some response, as 41, and 58« of the buds were moving
after 30 and 45 days trectient.
R
The results for treat.aents o, 7 m:de it clear that
callus did not affect the behoviour of thie bud - the

presence or abusence of o leaf determined the bud's response:

BEffect of callus and leaf tiszsue on bud movement

+ Callus De-czllused

-L +L -L +L
No. explants 9 9 8 9
No. moving
after 36 days (i 0 1 0

Experiment 2 1976
At various times from mid-summer - onwards, bud

burst was observed in single-node cuttings of Abbott
collected from the field. <Iwenty four cuttings were used
for each treatment, arranged in randomised blocks. Cuttings
were placed in small jars of anueous solution, and held
under continuous light (fluorescent and tungsten) at 222 -
23°¢.



133,

Using the more mature pirt of each shoot, the first
cuttings (24/treatment) were prepured on 22/1/76 as follows:

Treatment 1 vDefoliuted + water
2 Defoliated + 20ppm BAP
3 Defoliated + 20ppm BAP + 1Oppm IAA
4 Defoliated + 20ppm BAP + lppm ABA
5 + Half-leaf + water
6 + llalf-leaf + 20ppm BAP

In the case of treztments 3 and 4, either IAA or ABA
alone, was zlso cprlied to 2 »nud of cotton wool held around
the cut stem immedintely cbove the bud with polythene tape.
A1l solutions werc changed encl: five days.

-

Results

Initislly only tre-tiient 1 (defolicted) showed
active bud iwmovement, and ofter 23 days it showed the high-
est level of bul burst, wlthough 2 number of cutiings had
since died. (Table 13). In coumparison, the presence of
mature leaf tissue wac purticlly inhibitory to bud movement
(Treatment 5); c=nd surprisingly cytokinin inhibited bud
movement (Treatments 2, 6). <Treatments 3, 4, 6 were totally
inhibitory to bud burst, hcnce both IAA and ABA and also

leaf tissue are ctrongly intibitory to bud .novement.

Table 13: Bud movement in reswonse to hormone treatment

in different seasons

(a) Harvest 22/1/76

No. buds burst At +23 days
+11 days. (max 24) | Bud burst No. moving |ilax.
Treatment 1 5 i | i3 15
2 0 0 7 18
' 8 0 J 1 13
4 J 1 1 15
5 D o 8 24
6 ) 0 0 8
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Q Jud moveuent in response to hiormone treatmen
Table 13: Bud 7 to hor i i t

B

in different sensons (Cont.)

(b) llarvest 23/2/76

86 =13 dairs At +23 days

No. buds moving Ho. burst| No. burst lax.
(mex 28)

Treatment 1 e 5 16 27
2 o 1 6 25
3 ) 9 0 23
4‘ .‘L_ \) O 2 6
5 3 1 B 20

(c) Harvest 1/6/76 (wo. of buds burst)

Days 22°% | 24 27 39 34
Control 1 15hs o e
+ BAP 2 gliy 18" o0t

{d) Harvest 23/7/76 (ilo. ot buds dburst)

Days 22°% | 10 12 14 18
Control 3 12+ 39++ 42++
+ BAP 0 B i 3zt

Significance of difterence betvween trectnents at each date
determined by aumalyeis of varianece.

e : o + .. - N 2 OO ;
NS - Non significmnt significant 5pe Significant 1p

\
(e) Marvest 7/12/76 (j» bud burst)

+10 +23 days
Treatment 1 70 a 98
5 15 b 51
] ] .6
(o) D c b

Analysis of variance of number of buds burst at 10 days
sighificant (lp) trectuent differences determined by
Duncan's uultiple itange test (1l,) shown

® six days later, wfter removing the leaf and BAP, this

had increased to 7245,
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dhen repeiled with wterizxl collected on 23 Peb-

ek 50 treatment o had been lost.

o)
o
(9]
e,
;
B
&

ruary, after one
Treatments 1 - 5 were continucd excezt thot CAP was

1)
o8/

reduced to Sppa in (), cund cxeloded from trectuents (

P) :
g W4, (ke romelis woedn powsed Bré 1akiBitien of baud
movement in ti.¢ nrecence of leof tiscue, whnd rlso in the

1
rregserce of ey, Tae 03 Lhe (Mrbds 13V,

dhen skaebs. o eallzebd en L enmril,; shoul three
weeks before V¢ ves sn e Vidng were becoming yellow,

the lanves o aucd L« L fuhivitisa of bad .sovenient of

cuttings sver fuasr w3y 1nd EBhe level 6f oud burst in
the water controles . o Yoo . biooa in the enrlier liirvests.

o a0 e e Weeler, agens B Zn BT lavebs vl s Gieo) il

the winter, :md Lbud burse recorded. un ©wo occusions

BAT (20ppu) trestoent wos come red «ith controls, wnd

again this koramone del. yed bud burst (1/0/76 and 23/7/76).
Within theve sinter srauwwlings, the rate of bud burst

varied. Phe wrtiEEn oyme 2y B collectionibes

Tor the control breri.ent tio. 1 ghoved & slowing of owd

burst throuzhk Lie swoccr vnlil June, «#ith o sherp rise in

bud growth rate from eurly July.

A finel collection of tiie current sexzson's shoots,
was made on 7/12/76 and 144 cuttings orepared froam the nmid-
part of each, and Leld ot 2500 as in treatments 1, 5, ©
using Sppm BAP. Bud movement occurred in the n»nreserice of
a leaf altnhough it vias somevhat inhibited, ond =2t this
time of the year the cutting back of shoots in the field
results in a high level of axill:iry bud break. hen =
cytokinin was supplied some mortality (337 at 23 days) of
cettings occurred, znd there was a4 strong inhibition of bud
movernient.,
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Bxperiment 3 1976
On the 5 April 1976 lcafy Abbott shoots were har-

. : : 0
vested, and one-node cuttings were held at 22°C under
continuous light, after re:woving tic leuves., Half the
y with the bud &t

the top,; =ad for kha obthemr gwtkiimss o8 plgilgee tepkmil

-

cuttings were pre~zred in the usuc Ll wan

length the bud woe lewu up troas the base. This was reneuted

s

- . N ' k) J O 1
with materisl collected ¢xn 7 Jece .bor axa held -t 25°C.

itesults

Visible gcimne of bud wovesent osccurred earlier in
buds when at the top of the cuttinszg, nnd they 2lso gave
the highest level of bud burst.

L

Table 14: osffect of bud position on cutting on buld burst

(a) Harvest 5/4/76 (Lunber of puds ot least fully burst)

+15 +183 421  +24days % (at +24)
Bud at buse
(42 explants) 2 2 | 13 31
Bud at top
(37 explants) 8 17 19 24 65

(b) Harvest 7/12/76

=0 +10 +16 % (at +16 days)
Bud at base e o
(48) 5 12 og*™ 60
Bud at top i it iy
(48) 17 40 47 98

++Tre_atment differences at each date significant (1%).

Experiment 4 1977

’ On 5 December single-node cuttings were prepared

from the mature part of shoots taken from established
Abbott vines. The leaves were removed, and the cuttings

held in aqgueous solution under continuous light at about
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2700. One half of the cuttings had cotton-wool moistened
with IAA held on the distal cut surface, and they also
stood in IAA solution (1O0ppm) which was replaced daily.

Results

Auxin was very effective in inhibiting bud burst
of leafless cuttings in the suwmmer (Table 13), and the
samples for bioassay were collected several days before

any visible sign of bud burst in untreated cuttings.

After 42 wund 72 hours the up.er stem tissue and
its bud was collected from 12 cuttings of each treatment
to give 25gm fresh weight, and these samples were purified
as in PFig. 35 and cytokinin wctivity determined by bio-

assay with soybean callus.

Cytokinin activity was very low in all samples
(Fig. 43), estimated as being (mg/kg vWwt. in BAP equiva-
lents):

At harvest 0.9
After 42 hours -IAA 8.8 and +IAA 4.7
After 72 hours -IAA 6.7 and +IAA 3.4

Hence, while the cytokinin activity of stem tissue
showed a temporary rise shortly after collection and
defoliation, in the presence of IAA the stem-cytokinin
level stgdily declined.




RLEE 9

.29 At harvest 5 December

+ 42 hours

hED + IAA

1

+ T2 hours

Rf RE
FIG. 43. SOYBEAN BIOASSAY OF CYTOKININ ACTIVITY IN

KIWIFRUIT SHOOT (25gm FW), AS AFFECIED BY
AUXIN APPLICATION.

Control, = — — Significant level (P 0.0I)
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D1I5CULLIUN

A, Bud Dormancy and bud Burst.

Buds of Bruno collected @t the end of lLiay
(Experiment 1 1975), betfore leaf full, were dormant, and
neither GA3 or BAP alone or in combination was effective
in inducing bud burst, and BAP apvlications in the winter
were also ineffective in breanking dormancy (Section B).

No attempt was maede to determine whether this was due to
inadecusnte upti:ke of hormone into tiie bud's tissue. here
similar agplicctions were :ide loter in the winter (August),
dormancy haed zlrendy been brolien ..o colivrol buds burst
rapidly. Adding gibberellic acid to suca cuiescent buds
promoted bud grovth resuliing in earlier bud burst and
increased sh otion, indic ting that at this time
uptake of ex

cation is theo

lo
genoug hormon: ¢id scccur readily. The indi-
t ile GA did ol bredi dorazacy, it stiau-
0

lated the growth

rest »neriod broken, o in jcars (B3rown et al. 196)),

f buds thet id previously hicd their
although in stonefruit GA bre:x: bud dormancy (Donoko and
wWwalker 1957), and cytoiinins =nd gibuoerellins are effictive
on apple buds (Willicas ond oillingsley 1970). Bxogenous
GA releases coffee buds frorm doriicy, in «hich plant
gibberellins apwcared to e tic mechimnism through which
environmental foctors overcuie thie dormancy effect; but
exogenous cytokinin was eftfective only 1f applied after a
water stress, indicating z need for other promotive in-
fluences also to be presenc. ilence, while neither GA nor
cytokinin, unlike chilling temperatures, were found to
overcome the mid-winter dormuncy of kiwifruit buds, it

is still possible the nresence or absence of each of them
could control the breaking of dormancy. Gibberellin
activity in kiwifruit buds was not determined, but in
various species endogenous levels of bud-gibberellins rise
towards the end of the dormant period, but before the end
of rest (Ramsay and llartin 1970), and many authors support
the hypothesis that the end of rest is regulated by the
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balance between growth promoters &nd inhibitors.

In 1976 Abbott buds were most dormant on 1 June,
and with closer sampling in L977 deepest dormancy occurred
on 10 May wita only a small change over the next month.
Using a smaller number of cuttings Brundell (1976) simi-
larly found the time for 50,6 bud burst was greatest for
three other varieties in Aucliland when they were harvested
in May. llence moxiuum bud dorinancy occurs when most
green leaves are still on the vine, one month before total
leaf fall; and witnin 3 weeks of leaf full the buds are
capable of rapid bud burst. Cold temnerature treatment of
detached shoots overcoites the dorumncy of lay buds, as
also was found to occur atter about 700 hours chilling
of vines in the field. In the litter half of June in the
field, the vines epunarently undergo iajor changes. Only
then do they develop the c. sacity for rapid bud burst,

and also for the production of flouwer buds.

Examinction of bud burst data for three varieties
in Auckland «lso indicctes o recuiremient for a level of
winter chilling of this wu.onitude. Table 15 presents data
of Brundell (1973), and emphasises the distinction between
buds receiving more than, or less then, 770 hours chilling
treatment. If 21 days (500 hours) or less at 25°C, for
50% bud burst, is taken us w« rewsonable guide to loss of
dormancy, this usually only occurred following more than
770 hours below 450F (7.200) - bud burst taking up to 23,
20, 20 days respectively for Hayward, alpha, and Monty.
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Hayward.
' Hours < 7.2°C
(field + artificial)
Harvest Treatment
a b e d e

2/5 50 | 290 | 530 | 770 I0I0O
23/5 I40 | 380 | 620 | 860| -
13/6 290 | 530 | 770 | I0I0| -

4/1 480 | 720 | 960 | I200| 1440
25/1 625 | 865 |II05 | 1345 1585
Al pha.

2/5 50 | 290 | 530 | 770] IOIO
23/5 140 | 380 | 620 f‘sso -
13/6 290 | 530 | 770 |10I0| =

4/1 480 | 720 |7960 | 1200 | 1440
25/1 625 | 865 | 1105 | 1345 1585
Monty.

9/5 80 | 320 | 560 | 800
30/5 170 | 410 | 650 | 890
20/6 360 | 600 | 840 | 1080
11/7 530 | 770 |10I0 | 1250

1/8 670 | 910 |II50 | 1390

0 1120 {13904

I. Experimental data from Brundell (I973).
2. Hours chilling computed(Spreen I956) in part, using
meteorological data for Oratia 1I972.

Bud Burst response to varying levels of winter chilling.

Hours at 25°C
for 50% bud burst.

Treatment

a b c d e
I0I0 | 740 | 550 | 480 | 410
II00 | 9I0 | 580 ["460 | = |
860 | 670 | 650 | 550 -
840 | 670 § 530 | 530 | 360
700 [ 500 |' 430.| 260 | 220
600 | 620 | 380 | 360 | 360
840 | 620 | 500 | 460 -
790 | 620 | 480 | 460 -
770 | 530 | 480 | 310 | 240
530 } 340 | 290 | 260 | 220
890 | 890 | 580 | 460;

890 | 670 | 550 [ 4I0

700 | 500 | 430 | 380

650 | 480 | 380 | 3I0

460 | 340 | 240 | 240,

3. Data in shaded areas received greater than 770 hours below 7.2%.
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It has already been indicated that warm temperatures
appeared to be as effective as low temperatures in induc-
ing bud burst 1n 197v. lteference to Table 15 and dormant
buds harvested on 23 ilay shows that @s the period of cold
treatment was reauced, tlie total period of warm and cold
treatment for the cszae level of bud burst declined slightly.
Hence a temperature of 2506 was as effective us a tempera—
ture of<7.2%C in inducing bud burst, because if warm
temperatures were ineffective substantially increased
total time periods would have been required. A similar
statement could be ncde wbout the buds huarvested on the
other dates duvring the rutunin snd winter,

If the time pcriod ig excluded from 2 definition of
dormancy (p. 27), tire fict that 50 bud burst could occur
in 50 days with ~s little s 140 hours chilling would mean
buds of the kiwifruit vine do not show true dormancy.
Unfortunuately Brundell does not indicate whether substan-
tially more than 590, bud burst could occur, and my results
for 1977 suggest total bud burst may not have been very
high. Thus the buds exhibit o benaviour like those show-
ing true dormancy, clthough weakened in degree, but a full
study of the ability of .armn temperatures to substitute
for winter chilling would be best made with intact plénts

in a controlled environment.

The 1978 study with dormant buds stored at differ-
ent temperatures (Fig. 31) provides support for the greater
effectiveness of warm temperatures in breaking dormancy.
Then pre-treatment with limited field chilling (harvested
23 May) plus 580 hours low tempsrature storage gave rapid
and high bud burst, but @« pre-treatment of 580 hours stor-
age at 160, 20°% or 24%induced even more rapid bud burst.

The swollen tissues that enclose a bud were shown
to exert a strong effect in inhibiting bud burst of the
dormant bud, an effect which was diminished but still
present in the 1l..te winter. T[he bud scales themselves did
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not appear tuv confer zny additional inhibitory effect,
whereas in many plunts they care the source of bud inhibi-
tion. Apparently freeing the bud tissues from the totally
enveloping "stem" tissue, exposing them to the air, is a
potent stimulus to rapid and complete bud burst. The
manner in wiiich the buds are enclosed no doubt provides

good protection from the cold winter temperatures the
otherwise naked buds vwould be subjected to, but also apoears

to form part of tie control mechanism for bud burst.

Fig., 32 aluo chows the srowmotion of bud burst by
tissue removal was almost identical to that resulting
from cold treatment (295 d:ys 7°C) of the stems. This
supports the idea of thic enclosing tissues consrolling
bud burst in the field, ~ith dormancy-breaking low tempera-

tures somechow moditfying their eifect on the buds.

It is difticult to sugsest the manner in which the
enclosing tissues lisit bua breck. dwhile in some plants
there is light recuireusent (wsrez et al. 1966) this does
not seem very i1ikely in the lkiwifruit, and in August expos-
ed buds burst ns :rapidly vhen light was totally excluded.
The likely chunge in bud temperature as a result of remov-
ing the surrounding tissue may not be adecuate to account
for the relatively large chinge in bud behaviour, and com-
pared with spring; buds, it cun take a considerable period
for the bud burst response to develop (Fig. 32). The
development of vinter dormazncy epuveared as an extension of
leaf-inhibited bud break in the suimner, and so as with
dormancy induced by o short-dny leaf stimulus it does not
seem likely dormancy resulted from a limited oxygen dif-
fusion into the bud tissues (wWareing 1969). Hence, it is
difficult to imagine that the bud's surrounding tissues
behave as a seed coat may in interfering with oxygen uptake.
Although such an effect of the bud scales of Acer has been
recorded (Pollock 1953), in the blackcurrant inhibition of
oxygen uptake did not appear to account for the inhibitory
effect of the bud scoles on bud burst (Tinklin and Schwabe

1970). In fact kiwifruit buds in Ausust, when exposed and
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sealed with Paratilm cnd lonolin tended to make the most

rapid growth.

However tlie results of wmxperiment 3 in section 3A
suggest thet in the enrly winter l:i:teral buds are prevented
from bursting by & lack of uir. wsxpnosing the buds by
pruning results in raoid bud burst, but this does not
occur if l.molin is used to exclude @ir from the bud.
Wwounding by cutting was not effective, although in detached
apple shools dormant buds develop as o result of cutting
(Paive and RRobitaille 1973). similurly such injury as
rresulted from imucrging cuttings in running viater for two
or five duys largely »revented bud burst, unlike wWestwood
and Bjornstad (1¢78) o found this treatment reduced

winter dornincy.

The non-involvement of cthylene in the nromotion
of bud burst by ctem tissue renoval was indicated by the
inhibitory effect of even the lo.;.est ethephon application.
This is similar to the resulls of Paiva znd Robitaille
(1978) who found no evidence for a role of ethylene in

vound-stimulited bud break of dor:acnt buds,

Observations in two years showed that in the acbsence
of a root system, buds burst as ropidly, and to the same
extent as those on un intoct plint. 'This indicutes that
using shoot cuttings to study bud burst is an acceptable
way of studying bud burst in this plint, and also shows
the roots are not contributing to early bud growth. Any
root contribution nust be rcsidual, having been previously
stored in the steu tissue and capable of being drawn upon;
but the retarded gro.wth after bud burst in the absence of
roots indicates they are imp.ortent in supporting subsecuent
shoot extension. Observitions in 1977 of bud and root
growth indiceted active root growth coincided with, rather
than preceded shoot development and elongation, expecially
after long winter chilling, which suggests root activity
does not promote early bud growth - although it could

well support siioot extension growth. The results of
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Brundell's (1976) study of flower bud development suggest
the roots may contribute to developmental changes within
the bud. It rather appeurs any environmental effect pro-
moting bud burst (ie. in overcoming dormancy, or accelera-—
ting the rate of bud burst) does so by directly affecting
the buds or stems, and not indirectly vic tne roots. 1In
fact winter chilling advinced bud burst more than it ad-
vanced the commencement of root grovwth in 1977, which
could indicate :. desree of independence of these two
processes. S50 even though sop flow «nd root growth begon
soon after pl:.cing the »nl-nts in woerm teaperatures,there
was no indic~tion that it facilitated bud burst. The
possibility that root-nroduced cytokinins present in the
stem enable the bud on exnlants to grow was demonstrated
by Woolley and wareing (1972a),although Peterson and
Fletcher (197%) considered thot in addition to this pos-—
sibility bud growth recuired some other stem factor.

llature shoots collected in the autuwun gave ropid
and complete bud burst following artificial chilling
(sxperiment 5), behaving simil.rly to material given o ‘
longer period ot chilling in the field while still attached
to the parent plant. In this respect there was no suggest-
ion that removinz the buds from the influence of the roots
at the end of llay, put them at o disadvontage - an effect
also indic:sted cbove. lience whien wuabterial was harvested
at the time oi deepest doriincy, bud burst only occurred
after chilling, cnd so bul burst wos stimulated by o cold-
induced chunge in the stem/bud, and not by « root-fictor.

Changes in cytokinin activity

In the sutwin, bud-cytolinin awactivity was very low,
but showed an increcoce ofter field chilling, and also a
possible cualitctive chinee (Pige. 36) which would need to
be confirmed. Jrovwning (1973b) found a chunge from
single pealk of rectivity in doriwnt buds, to two broo
zones of activity ~hien dormwacy woas broken. During bud

burst, cytokinin activity in the buds increased, recching
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a maximunm when almost half tiie buds were partly burst

(bud swell), and then beginning to decline (Table 11). 1In
the previous spring, sap cytokinin levels similarly were
highest at the tine that the buds were between bud swell
and advanced bud burst. It appeured unlikely activity was
any different in the two types of bud samnple (artificially
or field chilled), except tuat in this single test activity
was. unusually low immediately before visible bud movement
(PS) in the artificiuzlly-chilled muterial, and also had

not yet undergone the uppurent sualitctive change already

seen in the field mniterial (Fig. 36).

However this latter cffect was possibly an arti-
fact as no such type of wctivity was recorded in buds in
the following yeur (Fig. 37). The buds used in Experiment
6 contained lower levels of cytokinin than those above, a
major difference between the samples being that the earlier
sample consisted of both the bud tissues and the enclosing
stem tissue. As with the field materisl used the previous
year, there was little change in zctivity over the nine
days of early bud movement. Again the trend was for
cytokinin concentration (and perhaps content) to decline
during the later stages of bud burst. Over this period the
plants had a declining level of activity in the sap - a
level possibly lower than might have been expected from
earlier observations (Table 6). Hence the quantities of
hormones being transported daily in the sap declined mark-
edly, while there was only a small change in bud cytokinin
activity - but since different plants were used each time,
and they can vary murkedly in cytokinin activity at any
given time (Table 6) it is difficult to draw conclusions.
The effect was for high sap flow rate and sap cytokinin
level to coincide with high bud-cytokinin activity and the
stage when the first few buds on the vine were beginning
to emerge. It could not be shown that the build-up in sap-
cytokinin level preceded slightly the bud-cytokinin maxi-
mum, as found by Hewett and wareing (1973a), but rather
activity in both tended to be higher during the very

early stage of bud growth, «nd decreased once bud burst
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was under way. It is unlikely an eurlier peak in activity
was missed since sap bleediny beguan not more than about

10 days before the first sumpling, vwhen activity was prev-
iously found to be pi:rticularly low. If cytlokinins do
contribute to eurly bud gsrovith, normel bud burst in the
absence of a scp flow me.ns that in its absence the buds
must have uccess to adecuiite runntities of this hormone
from other sources. ilowever bud burst was not induced in
dormant buds by treatment with BAP, (BExperiment 1 Section
3A), and even delayed bud burst of winter buds (Experiment
2, Section 3B).

Bud cytokinin was & little higher following field
chilling, and particularly in the early stages of bud growth
activity was grecter in field-chilled mirterial then arti-
ficially-chilled buds (Table 11), an effect also reccorded
by Hewett and Jareing (1973a). The difference between
buds field-chilled on «n intict vl:mt end those arti-
ficially-chilled on detuchecd shootsc was also shown by the
more ruapid bud burst of the former (although the level of
chilling differed), wvnd druudell (1970) also found orti-
ficially chilled bud:: were gslower to resume growth at

elevated temnerctures.

Because it onesred rogsiblc the cytokinins
increasing in the buds during bud burst came from sources
other than the active o0t tips, 1t was desirable to de-
termine their cetivity in steds tigsue, which is considered
by other authors (3rosming 1973b, tlewett ond Wareing 1973a,
Skene 1972) to bz an importimt source of cytokinins in the
spring. In conciderirny plont behaviour it is also well 0
remember the field situmtion, =md the sezsonal variations
in microclimate ol & deciduous vine. In the absence of a
leaf canopy, burk, cambiun, ond xylem temperatures are
higher duringz the day on 2 bright sunny day in the cool
season than in the sumnmer (Gerber'et al. 1974). With the
warmest and coldest zones usually being near to the ground,
very large teaperiature gradients can occur then across z
twig or trunk 2nd produce physiological stress. Such stress
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conditions, and the stimulwation of cellular activity
in the cambium layer by the warm temperatures could
contribute to seasonal changes in the tissues which
changes are of importonce in corly plant growth.

It has heen ostulated that luteral buds may be
sites of cytokinin synthesis, 2lthough the increased bud-
cytokinin activity could also be accounted for by their
accumulation from ovher tissues. In the willow it was
shown that lateral buds have the ability to hydrolyse
glucosylated zeatin derivotives, and then to use thea for
bud development (vuen Staden snd Brown 1978). These authors
suggested the liter:l buds do not synthesise cytokinins
de novo, but have tihe crpacity to convert cytokinins that

are transported to them,.

A similoxr level of activity was found in the shoots
of all field samples (Fig. 33), und there was no evidence
of increased activity over the late summer and autumn. In
the poplar, leaf cytokinins ..re converted to glucosides
(Hewett and .areing 1973b), and as they have also been
detected in phloem sap (van Staden 1976) it is possible
for shoot cytokinins to be transported to tlie stems or
roots in the autunn, for use at a subsecuent date - as in
the support of bud burst. There was no suggestion in the
results here of either an autumn accumulation of stem
cybtokinins, or the presence of @« cytokinin glucoside. But
cold storage of viood resulted in increased activity, which
was not the result of bud or root activity since they had
been removed 12 vieeks earlier - and a similar but more
dramatic change in the sap activity of grape canes follow-

ing cold storage was found by Skene (1972a).

Determinations of cytokinin activity in 1977 showed
that bud activity was very low at the time that their
dormancy had just been broken (30 June), then tended to
rise over the following month when sap bleeding began and
the buds developed the capacity for very rapid bud burst.
But as in 1975 (Fig. 36) a m.rked increase in activity
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occurred only at bud swell. In the stem tissue, cytokinin
activity was very low when dormancy had been recently
broken (June), although the buds were now capable of rapid
bud burst - susisesting stem-cytokinin did not contribute

to the breaking of dormancy. +hen stem tissue was chilled
(Bxperiment Ho. 9) there was only a slight change in
cytokinin activity, and it could not be related to the cold

treatment that promoted bud burst.

It was suggested ewrlier that important changes
occur in the vines from the end of June when ruapid bud
burst can again occur, uand it could also be that only
from that time do buds and steums develop the capacity
to produce cytokinins that apwear from that date. Stem-
cytokinins increased during July, &nd this activity could
favour the very rapid bud burst the buds were then capable
of; and over the next 3 weeks leading up to bud swell the
stem tissue continued to offer increased cnuantities of
cytokinin. Any effect of stem-cytokinins on bud burst
would appear to be to facilitate or suprort bud growth,
rather than to ciugse it, since there was no dramatic in-

crease in stem-cytokinin octivity preceding bud burst.

Stem-cytokinin activity showed an increuase from the
start of sap bleeding in the same monner as sap-cytokinin
content rises - on effect one could expect where cytokinins
were ‘being relecsed into the sap from woody tissue, rother

than reflecting production in the root tips.

llence there 15 soie evideace the shoots themselves
could, following winter chilling, wmcke cytokinins avail-
able for developing buds froum cytokinins originating in
the woody tissue. Such stew-cytokinin could be transported
in the sap flow, «nd conltribute to bud growth along with
other controlling f:ctors. Illowever in both field-chilled
and' artificinlly-chilled stem btissue, only simall increases

in cytokinin amctivity viers detected. In thie buds of coffee
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Browning (1972b) sees the dorney-breaking stress result-
ing in cytokinir = being; relensed into the xylem san frou
the vasculor coumbiwn, ond token to the buds vhere tie
increased bud-cytokinin in conjunction with increusing

bud-gibberellin nactivity results in bud gro.th.,

Bud-ABA and Dorucncy

Furtiher stadies o1

G

nongses in bud-ADBA activity
would be of wvelue to usccoss the effects of temperature

on dornancy sund bud-iBd. Lhe results in Fig. 42 show a
marked rise in inhibitor cctivity in the autusan to reach
a4 high value ot about the time of deepest dormoncy. This
high bud-ABDA content had fallen by the time dormancy was
broken in the ficld in ecrly July, and also following
cool storaoge,

ABA activity was not related to the capacity for
rapid bud burst, being somewhat lower in Treatments 5, 6,
3, 1 than in Trectment 4, although the former all had
delayed bud burst. A decrease in ABA-like activity does
not necessarily result in a loss of dormancy (Ireatment 5).

The loss of ABA activity with chilling and with the
breaking of dormancy are not therefore shown to be related.

It is also of interest that bud-ABA activity was
reduced by storage at either warm or cold temperatures,
and indicates winter chilling is not an essential pre-
requisite for a reduction in the ABA content of kiwifruit
buds. This is similar to the result of Mielke and Dennis
(1975b) who showed that temperature had no effect on the
disappearance of ABA from dormant cherry buds.

Hence in kiwifruit buds ABA-like activity increased
inlthe autumm with the development of bud dormancy, and
activity declined during the winter to reach a lower level
when the buds were capable of bursting. <This is typical
of many other plints. [lielke and Dennis (1975a) found the
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autumn increase was not coincident wvith the onset of dor-
mancy, but with tiie ctart of leaf abscission. 'The gsame
may be true of kiwifruit where maximwi-inhibitor content
was found when mogsl of thie leaves were yellowing, ond ab-

scised relcotively freely.

Bud-ABA activity was not reduced to u greater
extent by increasing the degree of chilling, and rapid
bud burst could occur here bud-ABA levels were still
relatively high. The simil:rity of the effect also re-
corded by ilielke :nd Dennis (1975b) of a temperature of
2400 and 4OC eruilly reducing bud-ASA content, could
suggest winter chilling does not promote bud burst by
lowering ABA activity. But the complex nature of the
effect of temperature in overcoaing dorimancy (Fig.31) makes
more detailed study necessary to confirm thie idea that a
loss of ABA is not essential for the loss of dormancy. The
detailed study of wright (1979) indicates it would 2lso be
helpful in such @ 1nvestigation to study the distribution

of ABA within the bud, ond the form in which it is .resent.
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B. "Summer Dormancy"

the kiwifruit vine guovis strong apical dominance,
with the growing tip of :» shoot preventing the growth of
the lateral buds, which remi:in inhibited until the follow-
ing spring when thcy burst to produce a flowering shoot.
During the eorly sumnier severe defolintion of the actively
growing shoot, or loss of the srowing tip by decapitation
or diebzack - ufter o imaleic hydrazide spray, results in
the rapid growth of a number of axillary buds. As the
sumlier advances, this tendency, as in other plants become
less murked and tinally no bud break follows decapitation.
This can be observed in the field, but a similar effect
was shown by defoliated single-node cuttings held at warm
temperatures where buds collected in early December had a
complete and rapid bud burst, and through the summer until
mid April bud burst became slower. When material was col-
lected in the autumn and winter almost complete bud burst
could sometimes be induced, indic:..ting low temperatures
were not necessary for bud burst although they could
increase it, and lways huasten it. llence the summer cor-
relative inhibition of buds continued into the winter,
without an obvious dramatic change indicating the so-
called winter dormancy is simply an extension of sumnmer
correlative inhibition, and Tinklin and Schwabe (1970)
suggested that sumier and winter dormancy did not differ
qualitatively. oince this pattern of increasing bud
inhibition was found in detached material, it appears the
inhibitory condition is residual in the plant shoot and it
takes time for it to disappear - either by actual loss or
being counteracted by some promotive influence.

From many studies of correlative inhibition, two
main points are that in the promotion of bud burst, other
factors being ecual nearness to the roots confers some
advantage, which appears to be hormonal (Smith and Wareing
1964a, 1964b), and that some other factor modifies the
distribution or activity of this root factor throughout

the plant shoots. Auxin has a primary role in corre-
lative inhibition (Phillips 1975), and of all the other
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or correlative inhibition (eg. Wickson
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apex may be the dominent cause of bud inhibition (apical

dominunce), as was claimed by 1inklin and Schwabe (1970).
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However the results of Cozens and Wilkinson (1966) show
that in mid summer when the apex has its maximum inhibi-
tory effect in the blackcurrant shoot, the effect of the
apexXx is considerably less than that of the leaves. Appar-
ently the leaves are acting either as a source of inhibitor
production, or else couse ¢ promotive influence not to

exert its effect.

Tinklin snd schwabe (1970) suggested that an in-
hibitor was produced in the leaves, which then passed into
the buds and bud scales until finally at the end of the
summer the buds wviere dorment. 'Their inhibitor could have
been ABA, and the inuibitory factor was also readily trans-
ported bosipetally. Jright's (1975) work with blackcurrant
suggested ABA has an important role in the induction of
dormancy. In kiwifruit iB8i apslied to defoliated cuttings
inhibited bud burst, and the levels of ABA-like activity
in buds increcsed in the autwan (Fig. 42), hence it would
be nossible for Asi: »nroduced ./ithin a mature leaf to in-
hibit bud burst in the intuct »lint. ‘here is limited
evidence that A3:.. ¢cts s o correlitive inhivitor of bud
growth in the per (4hite ¢nd ..onsfield 1977) and Xanthiunm
(Tucker and .unsficld 1973), .nd it is possible the rresence
of auxin could <«lso otiwmlate the local simthesis of ABA
(Tucker 1977). Further work is recuired to determine the
extent to which ABA produced by maturing leaves results in
correlative inhibition, and what other growth regulators
are also involved.

There is considerable evidence for a prime role of
IAA in the correlative inhibition of lateral bud growth by
the leading shoot, and possible mechanisms of this effect
were considered above. It has also been suggested that in
mid-summer it is auxin produced by the leaves that maintains
the developing bud as a resting bud, since auxin prevents
bud burst yet permits normal bud development in several
crop plants (Fulford 1970). IAA applied to defoliated
cuttings was strongly inhibitory of bud burst (Experiment 2
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Section 3B). 4As is typical of auxin, in Bxperiment 3 the
inhibitory factor was found to move in the stem tissue in
a basipetal direction, so that its presumed accumulation
inhibited bud burst, and its disappearance allowed bud
burst. The same effect was recorded by Peterson and
Fletcher (1975) who claimed tiieir results with decapitated
stem cuttings indicated a possible auxin involvement in
bud inhibition. Over the period that leaves are producing
auxin, leaf correlative bud inhibition could occur in a
similar manner to that proposed for the maintenance of

apical dominance.

The inhibition of bud burst in the presence of a
leaf could be due to its continuing production of auxin,
which inhibits bud growth directly, or indirectly by
preventing the normal activity of & substance promoting
bud burst. l'he existence of such promotive mcterial was
suggested in Experiment 1 (Section 3B) where in the pre-
sence of u« leaf, a large proportion of buds burst when
the cutting also had roots - purticularly when the root
system was relatively large and extensive. The promotive
effect of a newly-esteblished root system was not present
in basal callus @nd cny root primordie it might cont:in,
but exogenous BAP was partially eftective. The relative
effectiveness of the roots umcy have been exaggerated since
they would have been present from some time prior to the
start of observation. The limited bud burst in the pre-
sence of a leaf, and with no exogenous cytokinin
(Experiment 2, Section 3B) could reflect the presence of
a residual promotive root factor(woolley and vWareing 1972a).

Woolley and wareing (1972c) found that when apical
dominance was remmoved, the action of cytokinins was antagon-
ised by IAA, and that BAP metabolism by stem tissue was dif-
ferent in the presence of IAA (Woolley and Wareing 1972a).
#hen Kinetin —8140 vias applied to decapitated pea seed-
lings (llorris and winfield 1972), 140 accumulated in the
internodes but not in the axillary buds if the plants were

treated with IAa., In sxvnweriment 4 although changes in



cytokinin activity were not grent, it anneared that endo-
genous stem-cytolzinin wetl: bolism and cctivity was altered
in the »nrecence of cleviited levels of nuxin. It mey then
be that the chinged hisher tissue cytokinin following

decapitrncion nnd defoli:tion is releted to the subsecuent
bud burst, wund that IAa level is i.aportaent in initicting

such a change,

In the presence of IAus, cytoxinin wactivity in the
combined sten/bud sample was reduced over the 72 hours
following decapitution. Joolley and wareing (1972a)
found reduced radioactivity form 14C—BAP 12 hours after
rootless cuttings were trecoted with IAA - but not after
24 hours. In the absence of IAA the surge of cytokinin-
like activity at only 42 hours in kiwifruit, is similar to
the occurrence of relctively higher level of cytokinin
metabolism 12 hours after treatment but not after 24 hours
in the potato (Woolley and wareing 1972a), and could
suggest any causal changes in endogenous hormones are of
relatively short duration, and hence a need for close-
interval sampling in this work. It has similarly been
noted that partial root pruning of seedlings increased
Xylem-sap cytokinin activity after 24 hours but not after
48 hours (Carlson and Larson 1977).

It was because of the effectiveness of exogenous
cytokinin that it was initially used in Experiment 2
(Section 3B), but it was then found that in both suwmmer
and winter (December, January, February, June, July) BAP
inhibited bud burst in both the presence and absence of

leaf tissue.

When cuttings were collected on 25/8/75 immediat-
ely before bud burst in the field (Experiment 4, Section 1B)
a high concentrotion of BAP (50ppm) either alone, or in
combination with GA3 did not delay bud movement, or reduce
the level of bud burst. The reason for this conflict in

results is not lnown., Initially cytokinins have delayed
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bud growth, =zlthough subsenuently such buds have made
strong shoot growth (Woolley and wareing 1972a). They also
found that under some conditions of handling their stem
cuttings, BAP reduced the wercentage bud burst and slowed
their growth, hence the variable results obtained here may
reflect subtle differences in the conditions of the cut-

tings used at different times.
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Part 2.

INTRODUCTION.

JUVENILITY.

There is now some evidence that shoot juvenility
is intimately linked to root activity and hormones pro-
duced in the roots, hence a limited study of juvenility
appeared a useful extension of work on the kiwifruit,
although the species chosen for this investigation was the

blackcurrant (Ribes nigrum).

Flowering in many higher plants is preceded by a
period of juvenility, which can be defined as the period
from seed germination during which no flower initiation
can take place under conditions that are favourable during
a later stage. This topic has been reviewed many times
(see Zimmerman, 1972), and been the subject of Symposia
(e.g. ISHS 1976), but it is still a phenomenon we neither
fully understand nor can control. A range of character-
istics are associated with the juvenile state, and they
have been studied in a4 number of different plants, to-
gether with the changes occurring at the time of 'phase-
change' or conversion to the adult form, at which stage
the plant achieves the capacity to become sexually re-
productive. While it may often appear clear what juven-
ility is, and when the sudden switch to the adult stage
has occurred, Borchert (1976) considered juvenility a
vague concept, and doubted the existence of one uniform

juvenile state.

While in nature the juvenile period of some species
lasts for many years, Higazy (1962) working with herb-
aceous species found no fixed juvenile phase exists i.e.
it can be modified, and similarly in woody plants, it was

found that growing them continuously under long days
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reduced the length of the juvenile phase so that flowering

occurred sooner (Robinson and Wareing, 1969).

It has often been noted that the transition from
Juvenile to adult takes place when the seedling has reached
a certain minimum size, so that size would seem important
to predispose the plant to respond to inductive conditions.
Blackcurrant seedlings will initiate flower buds after
short-day treatment, but only if they have previously
attained a certzin minimum stem height (Robinson and
wWwareing, 1969). A similar situation is shown on individual
shoots of established plunts growing in the field. DBlack-
currant shoots with fewer than 20 nodes fail to initiate
flowers in short-days (Tinklin et al. 1970), and a similar
apparent size recuirement is shown by the shoots of the
raspberry (williams, 1960) and the bines of the hop (Thonmas
and Schwabe 1969).

In the raspberry and bluckcurrant, in response to
inductive conditions, flower initiztion first occurs in
buds at some position below the terininal shoot bud, and
initiation then procecds in both a downwards and upwards
direction to all except the lowest few buds (Keep 1961,
Tinklin et al. 1970). In the kiwifruit if the most basal
buds of a one year old shoot grow out they are usually
not floral, but strongly vegetative. In these plants it
is these lower buds growing away in the following season
that produce a shoot with a juvenile-like condition, and
this pattern seems churacteristic of phase change - the
transition occurs in the distal parts of the branches, and
the basal parts remain juvenile, This phenomenon suggested
to Robinson and vWareing (1969) that phase change is some-
thing that occurs in the extending meristematic tip of
the shoot, and not the whole of the stem, and led them to
study the role of the apex. They concluded the attainment
of a certain size is correlated with other changes which
are more directly responsible for the phase change, and
that in this, the number of cell divisions undergone by

the shoot apical meristem is important. Hence the meristem
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appeared as an autonomous unit in which the phase change
initial event occurred, seperate from conditions within

the differentiated parts of the plant. There appears to

be intrinsic differences between the meristematic cells

of the apices of juvenile and adult shoots (Wareing and
Frydman 1976), and also indications that the size and shape
of the apex may be involved in the transition to the mature
condition (Stein and Fosket 1969, Thomas and Schwabe 1970).
Generally, grafting a juvenile scion on to an adult tree
does not hasten the maturation of the scion - which is to
be expected if it is the meristem that is important (Hackett,
1976). How phasc chunge comes about, or how to specify

it in terms of gene activity i1s very unclear, and has been
discussed by Sussex (1976) who reminded us that two plant
hormones (GA aznd ABA) are candidotes as the activators of

the genetic mechunism.

Ariother aspect of juvenility 13 that its disa-
ppearance occurs following =« period of grovth which has
led to a plant system of increased size and complexity,
with progressively lorger distunces occurring between the
growing shoot meristems, uand the root system - and this 1is
considered by Borchert (1976) to be important in explain-
ing the eventual loss of juvenlile characters, and caused

him to doubt that there is one uniform juvenile state.

worxing mcinly with ivy, . areing and Frydman (1976)
believed the juvenile condition 1s rromoted and maintained
by the occurrence of relatively high levels of endogenous
gibberellins in the shoot apices, possibly arising from the
proximity of the shoot apices to the roots. Barly workers
suggested an involvement of hormones in sexual maturity in
plants (see Higazy 1Y02), and in ivy the juvenile condition
has been related to GA level (Frydman and JWareing 1973a,
Hess 1964). The work of PFrydman and wWareing (1973b) ine
dicated the roots werc important in providing the high
apical GA levels associated with the juvenile condition, and
Schwabe (1970) also bhelieves shoot juvenility is linked to

root proximity and GA-like factors produced there.
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The stability of rooted cuttings of the adult phose of

ivy, in which the shoot .eristem is very close to the roots,
is presumably due to the muturction chenges having perm-
anently affected cell uctibolism mnd rieced not conflict

with the hypothesis of wurein: and Prydman (1976).

The first apncarance of flowers cennot be trken to
indicate when the¢ juvenile nhise ends ws there may be an
intervening pericd wtiern come limitation to initiation
still remains. This period hua been czglled a transition
period by Ziwacruacy (1973), end durirng this period only =z
small interfc:euce .ith, o1 sunnression of, plant growth
may be adenuiitc bt imvieme §lowering.

It is often found th: b youryr nlinte vegetatively-
propuagated trom gture trewes do not flower, and I have
vlready clluded to thie Ylicucurront in which zerial shoots
on mature plints tail, fer o time, to initic:te flower buds.
These observations vrresent 1 situmtion very similar to
juvenility. llowevar:, 4dimanica (1973) has suggested such
plants/shoots =zre teavporarily in the invigorated tronsi-
tion stage, :nd bovore they cun respond to inductive condi-
tions, tney must Lhoave gzone thirough the process of ageing.
This is the loss 2t vigour uszually associated with plant
development, znd wiiich progressively facilitates flower
induction - it does nnt cuuse phise change changes, but
occurs in porallel .ith theuw (wareing and Frydman 1576).
Robinson znd wareing (19uv9) showed how flowering in =n
adult scion may be nrevented in a vigorously-growing system,
and ageing, not ph .oe clinge, i reruired. A reduction in
shoot growth rate ic commonly associated with the bezinning
of flower initiation in ~oody plants, including the bliick-
currant (Tinklin =t «l. 1970). Sachs (1977) proposes that
a critical purt oi the shoot zpiczl meristem is relutively
deprived oi nutricnls during vegetative development, and it

) .
is only when zn incre..sed wvailability of assimilates to
the meristem centr::l zone occurs, that flower initistion
can occur. Thig . ffect may be seen in blackcurrant, where

shoot growth rate drops, and then rapid axillary bud growth
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and flower initiation occur (Nasr and vareing 196la). In
addition to such a nutrient diversion theory of flowering
in adult plants, Hackett (1976) concluded it is also like-
ly to be important in accounting for phase change.

The blackcurrant plant was seen to offer an opportu-
nity to study a juvenile-like condition, and likely to
provide some information on the way in which size could
affect the physiological process of attaining the ability
to flower (Schwabe and Al-doori 1973). When apical soft
wood cuttings of blackcurrant are rooted and grown on to
various sizes betore receiving short-day treatment, only
the longer rooted shoots initiute flowers (Tinklin et al.
1970) Also when & shoot originates near ground level on
established blackcurrant plants or from plants mown at
ground level, that shoot will not initiate flower buds 1f
it is below a minimum size - although a short shoot aris-
ing from a point high in a bush will flower the following
year (wilkinson pers. comm.). Hence in this plant, shoots
arising from established bushegs, or plants grown from root-
ed cuttings from older stock plants fail to flower follow-
ing inductive conditions until after they have made a
certain minimum amount of growth. This size effect is
very similar to that of juvenility. oince Jjuvenility is
a term used to decscribie the stage during which it is not
possible to induce tlowering in seedling plants, the
condition descrited above in the blackcurrant is better

referred to as a juvenile-like condition,

In a similar way to work on juvenility already
discussed, it was found thaet in clonally-propagated black-
currant material the proximity of the shoot tip to the
roots controlled whether flowering could be induced, and
that the root eftfect could be traced to gibberellin-like
activity coming trom the roots (Schwabe and Al-doori 1973).

ouch an integration of the shoots and the roots of

a plant is not unreacsonable, and it had been demonstrated



in several plants that the roots are important in main-
taining the level of GA-like substances in the shoot -
substances which are strongly inhibitory to flowering in
many plants. The gibberellins are considered to be the
main inhibitors of flower induction in fruit trees (Luck-
will 1970), exogenous GA3 prevents flowering in mature
blackcurrant shootes (BSchwabe and Al-doori 1973), and the
gibberellins are important in phase change in ivy (Fryd-
man and wareing 1973a). In contrast, in a number of
conifer species the gibbere¢llins will induce precocious

tlowering (Pharis and Ross 14970).

Root-GA levels do not seem to be the only factor
aftecting 1nitiation us the juvenile-like condition of
short shoots is not removed by treatment with a growth
retardant or loss of their roots (Schwabe and Al-doori ‘
1973), and similarly wWareing and Frydman (1976) concluded
that for phase change low GA-levels sre necessary but not
sufficient. PFultord (1970) suggested that in the autono-
mous axillary meristem the onset of the maturation phase ‘
depends on the balanice of endogenous gibberellins and

auxins.

Clearly there are similurities between juvenility,
and the juvenile-like condition studied by Schwabe and Al-
doori (1973), although it hus not been shown that they are
identical, and one could encuire whether in the latter
instance the problem 1s wviie 0f invigorated transition-
phase growth and not one ¢f juvenility. If that is the
case, then it 1s ageing and not maturation that is reguired.
Fultford (1970) found floiwering was prevented in the lower
parts of the main limbs of off-year apple trees by corre-
lative inhibition between vegetative growth and bud devel-
opment; Nasr and wareing (l190l) put forward the idea that
in clonally-produced blackcurrant, correlative inhibition
prevented flower initiation in the early part of the growth
cycle. Generally grufting a juvenile scion on to an adult
tree does not affect muturation ot the scion, yet Schwabe
arid Al-doori (1973) found that such a graft combination
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with vegetatively-propagated material strongly promoted
flowering. This is similar to observations made with larch
(Robinson and Wareing 1969), and one could similarly con-
clude the graft-induced change in the shoot system was one
of ageing and not maturation - i.e. the scion never was
truly juvenile. It should also be noted that the work
showing a decreasing gradient in GA-activity down a black-
currant stem (Schwabe and Al-doori 1973), and used to sup-
port a role for root-GA's in maintaining the juvenile state,
was not done with plants showing the typical juvenile/
adult phase change. Such a gradient may be significant

for phase-change it it is also found to occur in woody
plants grown from seed znd showing the typical juvenile/

adult transition.

Thus a number of correlations have been found with
phase change, and they have at times been considered to
reflect causal relationships. Hence the correlated in-
crease in physiological age, and ageing are not now con-
sidered essential, and increasing plant size itself is not

now seen as important.

The properties of the shoot apex could be deter-
mined by influences from more remote parts of the plant,
and there is evidence of hormonal influences from the roots
maintaining the juvenile state. For instance in black-
currant, failure to respond to short-days is due to the
proximity of the roots to the growing points, and the
operative activity of the roots depends almost entirely on
their gibberellin production (Schwabe 1976); and in ivy
apical buds of juvenile shoots contain higher gibberellin
levels than adult shoot tips (FPrydman and Wareing 1973a).
Hence high GA levels in the shoot apex appear to be re-
quired to maintain the juvenile condition, and when the GA
level falls the change to the adult can occur.,

But distant hormonal influences may not be the only
factor involved as phase change appears to result in a more
stable adult state than changes in hormonal level would
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seem to allow. Wareing and Frydman (1976) believe, on
good evidence, that phase chunge i1s accompanied by changes
in the meristematic cells, so that the adult and juvenile
meristematic cells have intrinsic differences, and study

of the apex itself becomes important. Once the stable
adult condition has arisen it is not directly controlled
by prevailing GA levels, and hence meaningful changes in
GA level mzy be relatively short-lived.

Sussex (197¢) indicates that at phase change there
must be thc selective activation of specific genes, which
need not occur simultaneously - for it would be possible
for a developmentally-linked series of genes to be co-
ordinately activated. wareing (1976) also indicates phase
change may involve ditfterences in the rate of transcrip-
tion of specific enes, and thzt some DNA seocuences trans-
cribed in the adult phase are not active in the juvenile
p:-ase. Plant hormones could be the activators of this
genetic mecharism and so factors such as the environment,
plant size, and distant plant parts cculd affect matura-
tion. ABA cun block gene activotion, and the gibberellins
which have appeared so inpcrtint i1n relation to juvenility

can lead to the inditiation ot szene activity (Sussex 19706).
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EXPrRIMENTAL

This work was carried out at Wye College, Kent, in
the United Kingdom in 1974/75, mainly using the black-
currant variety Wellington XXX which has been intensively
studied in relation to flower initiation. LEstablished
plents in the field were available, and they had been cut
back close to ground level in the previous winter to pro-
vide strong shoot growth that typically displays the
juvenile~like condition. As recuired, shoot tips were
harvested from outdoor plants, or those maintained under
continuous light in }he glasshouse, and rooted under mist
to provide plant auterial for growing in pots in the glass-

house .

Short-day treatments were provided by covering the
plants with a double layer of thick black plastic, and
flowering response subsecuently determined after defoliation
stimulated the growth of the lateral buds. Plant samples
were analyzed for activity of gibberellin-like substances,

by bioassay.

wWhen shoots of the current season's wood were
harvested for analysis they divided into four parts: an
apical sample of 3cin stem and its leaves, and the balance
of the stem tissue which was divided into three equal
lengths. Field samples were first collected in mid June
1974, when each shoot had 16 - 21 visible internodes.

Extraction Methods
Initially plant samples were harvested in the morn-

ing, and sealed in a plastic bag in a deep freege at -15°¢
until weighed and samples ground in an Atomiser with cold
80% methanol, in which they were extracted for 48 hours.

After removing the methanol and partitioning with petrol-

eum ether (at pH 8), the acidified (pH 2.6) aqueous phase
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was extracted with ethyl acetate. All solvents were re-
distilled before use.

Determinations of GA-like activity were made using
the basal stem section, as this sample was expected to
have the highest activity (Schwabe and Al-doori 1973).
Purification by solvent purtitioning and paper chromato-
graphy (Whatman No.42) with isopropaznol-ammonia-water
(10/1/4) did not result in any detectable activity in the
GA3 position, and at most Rf positions there was severe
inhibition of seedling rcot growath in the lettuce hypocotyl
bioassay. Similarly whenr this sample was purified and
chromatographed using the mcthod of Schwabe and Al-doori
(1973) there was marked inhibition of hypocotyl growth.
and the low level of GA-like auctivity that occurred was at

an early Rf.

As these ethyl acetate extracts of woody tissues
were very impure, further purification with PVP (Polyclar
AT) was investiguted. PVP was packed into a column, and
then the extract eluted through it with phosphate buffer.
However, the recovecry of GA3 from the column was very low
unless the eluate was chromatogrcphed before bioassay - a
difference that was wubsent if acid-washed PVP was used.
Hence, for all further work thec Polyclar AT was boiled for
8 minutes in 10p tC1, and washed well with glass distilled
water (Loomis et a2l. 1966) to remove the fines and all
chloride, and stored in the refrigerator in phosphate
buffer. ihen the above acetate extract was passed through
the PVP column before chromatography and bioassay, the stem-
base sample was active at the GA3 position. Hence puri-
fication with PVP was used for all future samples as it
was essential to the demonstration of GA-like activity,
and reduced the severity of the damage to the seedling
roots,

When reguired, a slurry at room temperature was
settled into a column 15 - 1.9cms, and the sample applied
to the top in 2ml of buffer, and eluted with 0.1 M phos-
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phate buffer pH 8.0. The column eluate was adjusted to pH
2.5 and partitioned into ethyl acetate which was dried down
for chromatography - for the later samples diethyl ether
replaced ethyl acetate. Chromatography was usually on a
thin-layer plate of llerck silica gel H (0.25mm) that had
been pre-run in the solvent system used.

It was also found that when the column eluate was
collected in two fractions, more inhibitory substances
were present in the first fraction (Fl) 0<60cc, than in
F2 60-260cc. (Figs 48, 49). All plant samples were
separated into these two fractions and bioassayed separa-
tely and indicated this effect - possibly reflecting the
early elution of ABA from this type of column, and with
only one exception any significant GA-like activity de-
tected occurred in F2. The presence of inhibitory sub-
stances and pigments in this second fraction 8till remain-
ed something of a problem, and as chromatography on a thin-
layer plate with 8/1/1 EBM (diethyl ether-benzene-methanol)
offered a partial solution, it was used in all the main
GA-determinations. A completely satisfactory separation of
GA-activity and inhibitors was not achieved by any of the
following methods:

() two other chromatography solvent systems, (di-isopro-
pyl ether- acetic acid 95/5; isopropanol - ammonia -
water 10/1/1).

(b) eluting the TLC with water before bioassay (Eeuwens
1973).

(¢c) including Sppm kinetin in each bioassay solution.

Changing the initial sample purification method
gave some reduction in the quantity of inhibitory sub-
stances, and using the modified extraction method with
different blackcurrant tissues, followed by TLC with 8/1/1
EBM, the inhibitory substances ran very close to the
golvent front - at which position they interaoted strongly
with exogenous GA3. The blackeurrant gibberellin activity
occurred in the region of Rf 0.5 - 0.8 where any inhibitory
substances present had slight or nil interaction with
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Extract 80 - 1l20gm Fresh Weight
in 807% MeOH

Reduce to Aqueous phase
Add 25cc 0.1M P buffer
Filter

Acueous phase

3 x 2 diethyl ether

Aqueous

pH 3
4 x % diethyl ether

Aqueous

Fig. 44

wther

Elute through PVP column.
Partition ethyl acetate (pH 2.5)

Dry. Thin-layer chromatography with 8/1/1 EBM.
Bioassay F1 F2 separately, in duplicate.

Ether

Purification of blackcurrant tissue for

gibberellin determination.
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exogenous GA3. The purification methods used for the plant
tissues are shown in Fig. 44, and are based on the method
of Goldschmidt and Monselise (1968).

When 5ug GA3 was eluted through a PVP column, and
various eluate fractions bioassayed after partitioning into
ethyl acetate, activity was detected only in the first 60cc
after adding the sample - no activity was present in the
next 150cc. Subsecuently stem tissue with exogenous
gibberellins was extracted and bioassayed following the
usual procedure. It was found that the greater proportion
of the GA3 and inhibitory substances recovered was in Fl
i.e.the first 60cc of eluzate, and GA
next 200cc (F2) Fig. 45).

3

4/7 was mainly in the

In all cases unless stated, the results refer to
Fraction 2 (F2) from the FVP column, it having been found
in each case that F1 was inactive in the bioassay for

gibberellin-like substances.

Bioassay
After drying, the plate was divided into ten strips

which were scraped into plastic Repli-dishes for bioassay-
ing individually using the lettuce hypocotyl bioassay
(Frankland and Wareing 1960). To each was added 0O.6cc
distilled water or GA3 standard, and eight germinated
"Arctic King" lettuce seeds.

They were incubated with high humidity under fluo-
rescent lights at 22°C for about four days when the length
of the hypocotyl was measured. Significance levels were
again calculated by the method of Link and Wallace (1952),

and are shown on the histograms.
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Results:

(a) 'Adult' Plants

(i) Outdoor Plants

The current scuson's shoote of severely-pruned
vellington XXX were Larvested on 11/6/74 and 10/7/74. At
this time harvested shoots had lo - 21 and 22 - 25 nodes
respectively, and when bud burst was induced in the glass-
house, it was shown no flowers hed been initiated at the

latter harvest date.

Bioassay results wiih two differert solvent systems
showed the presence ol GA-like activity in all parts of the
stem, with « grodieut from the highest concentration in the
basal 337 length to the lowest concentration in the upper

one-third length (Fig. Jdou. ).

Usually no :.ctivity was found in the upper 3cm stem
and its apical leaves when hurvested in June or July, nor
in mature, fully-cxpanded mid-shoct leaves in July. In
one sample there was @ s1milar very low level of activity

in each type of leat.

On the 10 July current season's shoot tissue was
collected from established fFruiting bushes on a nearby
fruit farm. Strong shoots with about 20 nodes, and
originating near the base of the plints were selected, and
the upper and lower one-third's used for znalysis. It was
found the GA-like activity was almost the same in both
parts of these shoots (Fig. 47), the gradient having almost
disappeared due to the relatively high activity in the
upper part of the shoot. Although it was not determined,
it was expected these shoots were of a size that would
permit them to become floral in spite of their basal origin

(Wilkinson per. comm.).
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(ii) Glasshouse Plants

Stem samples were harvested in the usual manner
from Wellington XXX plants grown from tip cuttings, and
grown in pots as single-stem plants in the glasshouse.
Natural daylight was supplemented by 60w tungsten lights
overnight, and materizl was harvested on 3 November when
it had 23 - 30 nodes.

The histograms in Fig. 48 show the decreasing con-
centration of GA-like uctivity in the stem as it is
‘sampled further from the root system, and the high level
of activity compared with field-grown plants. Further
more, this was the only sample in whick Fl1 (ex PVP) con-
tained significent activity - which appeared cqualitatively
different to the usﬂ;l bleckcurrant gibberellin. This
latter effect may result from the inadequate separation of
inhibitor and gibberellin, although in an earlier test an
interaction did rnot occur over such a large part of the

chromatogram.,

(b) 'Juvenile' PFlants

Plants similerly grown in the glasshouse were

harvested when they had 8 - 12 nodes, to give a single stem
sample - these plunts were found not to initiate flowers
when given a b week utlort-day treatment. One batch of these
plants was grown in 'Durise' in order thot root samples

could easily be ohtanined.

Analysis chowed that substances inhibitory in the
bioassay were present, snd significent GA-like activity
was detected in some samplec of stems and roots, but
activity was cbsent from the zypical leaves and older
leaves (Fig. 49). 3Sienificant GA-like activity was de-
tected in samplec harvested on 13 June znd 18 July but not
31 July, but the level of activity was low being of the
same order as that found in the upper one-third of adult

stems of the same variety.
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(c) Baldwin Seedlings

In contrast to the vegetutively-propagated material
used in the above work, similar analyses were also carried
out on seedlings of the variety Beldwin. Seed was germin-
ated and the seedlings grown in conteiners of "Eff" potting
compost in the glasshouse, under continuous light. They
were separated into three similar groups, and each was
harvested over 3 - 4 dates when the plants reached the
desired size. Plants typical of each group were also
given a 5 week short-dey treatment, followed by defoliation,
to assess 1ts physiolagical state after almost every bud

was induced to burst:

Plant Type No. tean llean No. Flowering

Ht (cms) Internodes Response
Juvenile 36 40.5 l6.6 Nil
Intermediate 3] 75.8 26.06 Nil
Adult 32 115.0

38.0 5 plants

Duplicate tests ot all parts of the stems of these
plants at the three =ztcgecs of development failed to show
more than a trace of GA-like :ctivity (Fig. 50), except
for a trace of activity in mature leaves from the 'adult'
plants. uvignificant activity was present in root extracts
prepared from the 'adult' scedlings - other Baldwin saimples
were not analyzed. Root extract activity again occurred as
two distinct peaks, @and at a slightly higher concentration
than in the roots of"juvenile"glasshouse—grown Wellington
XXX plants.
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DLLCULSOBION

Gibberellin-like zctivity was found in tissue
extrects, particularly of stem ticsue, but this was only
possible with a greater degree of purification than that
used by Schwabe and Al-doori (1973). The presence of in-
hibitory substances, phytotoxic in the bioassay, appeared
to be a far greater problem, although it is believed their
cffect on the results woz minimized by the techniques used.
However, it must be agreed they could have had some effect

on the bioassay results.

With the exception of thie cne sample that contained
unusually high GA-like wectiviiy, the bleckcurrant gibbere-
11in came off the PVF column only in the second fraction.
By comparison with gibberellin stendards the endogenous-
GA behaved more likec a GA4+7 mixture than GA3 which was
eluted mainly in the first fruction. In a number of ex-
tractions of stem and ro.t, both juvenile and adult, the
bioassay clearly dictinguished between two zones of
activity, the faster-running one¢ being the greater. The
slow-running peck shows similar chromatographic behaviour
to GA,, GA3, and the other is as for GA's 4, 7, 9 (Eeuwens
1973). This suggests the gibberecllins present in the stem
could have been transrtorted there from the roots, as
suggested by Schwabe znd Al-doori (1973), and may indicate
there has been no major chiunge in the types of gibberellins
in the change from 'juvenile' to adult - as in the ivy,
where PFrydman and Wareing (1973a) suggested the same or
similar GA-like substznces occurred in adult and juvenile
tissue. No accurnte cuantitative estimation of endogenous
Ga was made as the levely detected showed some variation
from extract to extract, znd levels were too low for the

preparation of a dose-response curve.

Total GA-like activity in basal 'adult' stem material

was equivalent to 2.u - 10 ug GAB/Kg fresh weight, and



lower in the upper part by a factor of about eight - with
an intermediate value in the middle one-third of the stem.
By contrast, in a single test of similar stem tissue taken
from fruiting bushes, a similar level of acctivity was

found in the top and tlie base of the shoots. ithile it

was expected bothh types of tissue responded in the same
way to inductive conditions, they differed in the distri-
bution of GA-like activity. Using glasshouse-grown 'adult'
material, activity of 22 mg/Keg was found in the shoot base,
and in 'juvenile' pluntc, levels of up to about 0.5 ug/Kg

in both the stem wnd roots.

In long shoastz frun hewvily-pruned bushes harvegsted
in June/July i.e. i.uicdinztely preceding flower induction,
GA-like wctivity wos consistently nigher ncarer the stem
base - as alrcady rccorded by Schwabe and Al-doori (1973)
Activity was pgreciter in meaterial grown under greenhouse
conditions. In such long shoots, short-day treatuient
caused floviers to develop in Llhe upper five lateral buds
in both wellington AX{ and Baldwin - in contrast to the
evidence that in the former, initiation begins near the
20th bud below the tip (T'inklin et al. 1970). Hence the
results appear to susport the proposition that a bud's near-
ness to the roots znd the higher gibberellin concentrations
there discourages flower initiation, and that this
explains the minimum-size recuirement for the end of juv-
enility. oJimilarly, it is not surprising that while in
a single-shoot plant at least 12 nodes must be present in
order for it to be induced to flower, in a fruiting bush
shoots of 8 - 11 nodes that originate high in the bush well
away from the root system, produce flowers at almost every
node. However, flowering in the latter shoot may simply

reflect its origins from a mature adult meristem.

The high GA-like activity in the upper parts of long
shoots from normal fruit-bearing bushes may suggest a
greatly diminished upward movement of root-GA's is not
critical for the maturation type of change to the 'adult’

form in this juvenility-like behaviour of blackcurrant.
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Alternatively shoots on fruiting bushes do not exhibit
the same minimum node number requirement of heavily-

pruned bushes - this point hac not been resolved.

However, short juvenile-like shoots and their roots
were found to have low GA-lik: activity - similar to that
in the top of 'adult' shoots. [his is in marked contrast
to the results of Jchwabe and Al-doori (1973), and does
not indicate @ likely role ot unigh root and stem GA levels
causing the juvenile-like behaviour of short shoots. The
inhibitory substances present in all the plant extracts
were found to antagonise the effect of gibberellin in the
bioassay, nmd they could then reduce the apparent GA
activity in the sample. while this effect could mean the
GA activity of the juvenile plant samples was grossly
underestimated, it is believed the inhibitor effect was
not so marked. This 153 because most of the inhibitors
were removed in Fraction 1 off the PVP column (and black-
currant-gibberellin rarely occurred in F1), the chromato-
gram solvent gave reasonable separation of inhibitor and
gibberellin-like wctivity, and in the region of the black-
currant gibberellin wund GA3 on the chromatogram there was
only a slight interaction with inhibitors in the plent
extract. G50 it is considered the bioassay results give a
reasonable indication of the level of GA-like activity
present in the various plent tissues. The absence of
leaf and anical G4 activity, and the similarity of the
chromatographic behoviour of the stem and root GA's suggests

the stem activity could have originated in the root system.

In the blackcurrant, the 'juvenility' of short shoots
is not removed by CCC or 4ABA treatment, or loss of their
roots (Al-doori 197:), which could also suggest that root-
GA level is not a major fuctor affecting initiation in these
shoots. It is, therefore, very possible that in this plant
system, low GA levels are necessary but not sufficient for
the ability to flower, which 1is the general view of phase

change of wareing and Prydman (1976) i.e. there is far more



230.

to attaining the ability to initiate flowers, than simply
a reduction in GA concentration in the stem tip. The
growth hormone studies made here involved the determina-
tion of pool size, but other hormone studies may have
been more meaningful since pool size is often poorly
correlated with a specific physiological process. A
clearer explanation of the effect of leaf and root-GAs on
flower initiation would undoubtedly result from studies
on GA metabolism, and tiscue censitivity, since they are

so important in understanding hormone effects (Dennis 1977).

The results obtained with Baldwin seedlings of
different ages, with negligible GA levels at all stages
also suggests the inaccuracy of claiming low GA-like
activity as the cause of gaining the ability to flower.
Because thece plunts exhibited true juvenility, their
contrasting results is strong evidence that the work by
Schwabe end Al-doori (1973) with vegetatively-propagated
plants cannot be taken as a reliable guide to the mechan-
ism of phuse change. This makes the flowering response of
vegetatively-propageted plants a problem different from
that of juvenility, as claimed by Zimmerman (1973).
Further support for this comes from the conclusion of
Schwabe and Al-doori (1973) that the ' juvenile-like' condi-
tion is not an inherent property of the bud or shoot;
whereas in true juvenility it apparently is, phase change
occurring in the ~pex and hence flowering in the later
lateral buds (Robinson and wareing 1969).

Fulford (1970) has considered the importance of
correlative inhibition in preventing flower initiation,
and stressed the likely importence of high auxin activity
in delaying bud maturation. Wareing (1959) discussed the
importance of a loss of vigour before a plant responds to
inductive conditions. In an invigorated growth state
drastic changes inli growth must precede flower initiation,
end in the blackcurrant it is only afler shoot growth rate
drops that flower initiation begins and a period of rapid
growth of axillary buds occurs (Nasr and wWareing 196la).
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Hence release from correlative inhibition appears im-
portant to permit buds to initiute flowers, and could well
be a major factor in the eventual response to inductive
conditions of vegetatively-propagated plants. Wardell
(1976) suggested that changes in auxin level in shoot
apices might produce guantitative shifts in DNA which then
changed the developmental capabilities of the shoot apices.
Hence increased auxin levels would reduce the tendency

to flower, and decreasing auxin vould increase the tendency
to flower and reduce vegetative growth. In studying this
non-juvenile condition, perhaps the role of the apex and
correlative inhibition should receive no less attention
than the nearness of the root system, and the gibberellins
produced there.
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FINAL D1LCULSION

In many plants control over stem growth or plant
development is desirable, and this is also true of the
vigorous kiwifruit vine. But in order to consider alter-
native methods of growth control it is necessary to under-
stand the mechanism of growth control within the plant,
and the way in which external factors modify growth and

development.

A study ot the literature indicates that the leaves,
growth regulators, carbohydrates, and the roots are all
involved in the control of growth, although there is some
uncertainty about the actual role of each, and the various

inter relatioaships that might exist.

This study considered neither the involvement of
growth regulators in the production of determinate as
distinct from indeterminate shoots - the proportions of
which vary with the clone, nor their involvement in apical
bud abortion - a characteristic of kiwifruit shoot growth.
There is evidence the gibberellins may be involved in
these phenomena in plunts, and in this study the gibber-
ellins were found to be active in the control of stem
elongation.

The function of growth regulators, especially the
gibberellins appears to be intimately associated with the
distribution and utilisation of carbohydrates. For in-
stance it was found (a) stem growth was directly related
to stem cutting size, and that this growth resulted in
about a 50% reduction in the starch reserves.

(b) growth stimulation by GA was
associated with & re-distribution of carbohydrate, and that
after a certain level of growth the response ceased.

(c) a leaf had its greatest effect on
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internode elongation when the leaf was very young. At that
time one would expect its growth regulator activity to be
greatest, and this is also the time when a leaf's import of
carbohydrate is very high (Thrower 1962).

Further support is found in the results of other
studies: (a) GA3 reduces starch in proportion to the amount
of extension growth induced (Nanda and Purohit 1965).

(b) A GA3 spray to part of a plant causes a mark-
ed transfer of assimilate from the unsprayed part (Quinlan
and Weaver 1970).

(c) Hoad and Monselise (197b6) proposed that
reduced shoot growth from SADH is a result of a reduction
in GA-induced translocation to that area.

(d) Grochowska (1973) indicated that high starch
content in a plant is an indicator of low auxin and GA in
the tissues.

(e) Luis and Guardiola (1974) believed the in-
creased transport of reserves caused by GA resulted from
GA increasing the capacity of the shoot to act as a sink
for nutrients.
and (f) when exogenous GA increases shoot elongation,
either a plant's shoot weight is not increased (Powell et
al. 1959), or the increased top weight is associated with

a reduction in root dry weight (Brian 1959).

Thus stem growth appears as being totally dependent
on photosynthate supply - and this is mediated by the growth
regulators. While GA had a strong effect in promoting
stem growth in seedlings, and detached shoots, the require-
ment indicated in the literature for the presence of auxin
for GA action, and for the release of starch reserves, was
supported by the results here of a reduced GA-response if
auxin was reduced. 1AA did not increase growth of stem
cuttings, but in the precence of PCIB there was less re-
sponnse to exogenous GA. No doubt carbohydrate mobilisation
was affected, since an important role of auxin appears to
be in initiating the degradation of stored carbohydreates -

a process which is then enhunced by GA's (Saniewski and
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Pieniazek 1972). Hence, while auxin did not stimulate
growth of excised shoots, like cytokinin it is involved in
the GA-induced growth response. Hence in growth control
one is concerned with an interplay of different hormones,
and an interplay of different parts of the plant. These
two characteristics will be noticeable throughout this

discussion.

Cytokinins are probably involved in growth control
since the three hormone groups together most favour nutri-
ent mobilisation. There is evidence root-cytokinins play
a role in shoot growth by affecting GA turnover (Railton
1974), and the two together could form an effective growth
control system. A low level of cytokinin is associated
with poor plant growth (Reid and Railton 1974), and normal
growth and development requires its presence also
(Moraszczyk et al. 1974). In kiwifruit cuttings the GA-
response was over within six weeks, and it resulted from
a re-distribution of leaf dry weight to hew stem tissue. In
the absence of roots (and hence cytokinins?) no new leaf
primordia were produced, and to this extent the GA-induced
growth was not normal. Exogenous cytokinin was found to
modify the GA-response, and this could reflect the situa-
tion in the intact plant.

It appears that GA interacts with auxin to mobilise
carbohydrate, and that the roots supply factors (possibly
including gibberellins) that maintain adequate GA levels
for continued growth, although young leaves are intimately
involved in the control system for internode growth,
probably via GA metabolism, and hence photosynthate trans-
port. In detached stems the amount of carbohydrate
available for translocation limits the level of response
to GA. Cytokinins too are involved and the roots could
also be & source of supply of this growth factor.

In the kiwifruit plant it was found that removing
an apical leaf had a large effect in reducing internode
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length - acting particularly in an acropetal direction.
This promotive leaf effect was apparently reduced by the
presence of the shoot apex, since decapitation finally (but
not initially ) increased the growth of the upper inter-
nodes - however this may merely have been an expression
of compensatory growth. The stem-growth promoting influ-
ence of a leaf was therefore localised, and possibly re-
flects a localised deficiency of assimilates due to a
local deficiency of growth regulators. Shein and Jackson
(1972) have similarly suggested the importance of local
hormone balance in determining stem growth.

Stem growth was affected by the apex and by the
leaves (especially young apical leaves), although severe
defoliation was shown to have a more far-reaching effect.
The youngest internodes were the ones most affected by
removal of their subtending leaf, and it was also the
youngest internodes that responded most to exogenous GA,
The evidence of the literature is that growth regulator
and photosynthate availability is affected by the presence/
absence of leaves, and it is likely that in kiwifruit
these factors also account for the leaf contribution to
stem elongation. The reduction in internode growth from
defoliation may be due to the removal of a lo€al source of
specific GA's, since GA frequently replaces the leaf-effect,
and SADH reduces internode growth in the shoot tip by
reducing apical - GA levels (Hoad and Monselise 1976). In
practical terms, it means that to maximise the reduction
in stem growth by any treatment, it must be applied at an
early stage when the leaves are still very small,

Field applications of SADH and maleic hydrazide were
effective in reducing shoot growth, and limited fruit
residue tests indicated SADH residues in fruit were likely
to be within tolerable limits. More recent trials have
also shown the effectiveness 0f early-season SADH sprays on
kiwifruit vines, without any significant reduction in fruit
size at harvest (Anon. 1978). The evidence presented here
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of a SADH or maleic spray increasing post-harvest fruit
respiration indicates that this aspect must be more fully
studied before commercial use of these chemical sprays

could be recommended.,

The compensatory growth noted (increased internode
number and leaf size) is important in indicating there is
a mechanism for controlling the relative growth of the
shoot and root - which implies a mobile hormone is in-
volved, and that the roots are a source of specific shoot-
growth factors. Similarly to other authors, Richards and
Rowe (1977) postulated the limit on top growth set by the
roots involves an internal regulation by the roots, espe-
cially the production and supply of growth substances.

In this study the roots were seen to contribute to
stem elongation, as shoot growth ceased three dzys after
removing the roots, although growth resumed within three
days when GA was applied to the shoot base. But while this
may indicate root-GAs are involved in stem growth, they
could normally be synthesised in the tops and only under-
€0 qualitative changes in the roots. Identification of
individual gibberellins in different parts of the plant
would be necessary to resolve this question. The type of
growth produced in this shoot system, and hence its control
system, appears as incomplete though when compared with a
normal intact plant. Hence some other growth factor than
GA and carbohydrate seems required for plant growth - as

already indicated.

The data presented here showed that large volumes
of sap can be transported up the stem of the kiwifruit
vine. Active sap bleeding from the cut stem occurred for
a limited period in spring, and the flow rate depended on
the stage of vine development, plant size, temperature,
the degree of decapitation and the time of day. Bleeding
began just before bud movement, and the flow rate was
highest during the period that the buds were first visibly
moving (advanced swell), and thereafter declined. High
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sap flows tended to run ahead of bud growth, and the

timing of increasing sap flows could suggest sap provided
essentials for bud burst and growth. However it has been
noted these processes can occur in the absence of a root
system and the associated high sap flow. It is also of
interest that sap flows decreased as the leaf area develop-
ed - and when transpiration losses were probably increasing.

While the pattern of sap flow appears to be related
to the early-season development of the buds, there must be
some doubt about its relationship to the start of spring

growth.,

The increased shoot auxin associated with increased
cambial and bud activity, and the ready availability of
carbohydrates released from storage would favour sap
exudation (Skoog et al. 1938), and so high sap flow rates
appear more as a byproduct if plant metabolism than as a
stimulus of it, or an essential requirement for it.
Further, at the low temperatures prevailing in early spring,
with water absorption largely being determined by the
level of metabolic activity, there is an explanation of
the substantial increases in flow rate with relatively
small rises in temperature (Kuiper 1964). Subsequently,
with the start of shoot growth and reduced carbohydrates,
and a reduced temperature effect on water uptake and sap
flow, sap flow rates would decline - as in fact they do.

In the uncontrolled field situation many things can
account for differences in flow reates, and it is desirable
to work with controlled environments and to use more direct
methodg of assessing sap movement,

The spring bleeding sap was shown to contain
cytokinins and GA-like substances. Gibberellin-like
activity rose at the time most of the buds were at ad-
vanced bud burst, with the amounts being transported to-
wards the shoots being highest when shoot elongation was

just beginning.
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Trunk sap-GAs rose in the apple from the start of
growth, and levels parallelled (but ran 2 weeks ahead of)
the extension growth of the annual shoots (Grochowska and
Karaszewska 1978). within the shoots themselves high GA
occurred at the start of shoot growth, but levels were at
their lowest during the most rapid extension growth. This
may indicate that during growth the shoot-GAs were con-
sumed, or were recirculated and found their way back into
the conducting tissues of the trunk as gibberellins more

responsive in the bioassay.

The kiwifruit "root-GA" was possibly supporting the
growth of quiescent buds and the new season's shoot growth
In the absence of any earlier assessments of plant or bud
GA it is not possible indicate whether GA's may have been
involved in the breaking of dormancy - which would have
occurred much earlier. Browning (1973a) indicated the GA's
involved in dormancy release were not supplied by the xylem
sap, but originated withir. the buds themselves.

How rapid sheot elongation continued through the
summer - with the apparent reducticn in sap flow, and the
decreased concentration of sap-GA is not clear. If the
initial high levels of sap-GA had a function it could have
also been to stimuleate the start of cambial activity
(Digby and Wareing 1966). Once stem growth is established
lower levels of sap-GA in association wiith other tissues
and hormones may be adecuate to maintain cell division and
control cell elongation (Cleland 1969). Qualitative
changes in sap GA's and cytokinins following decapitation
indicated the roots and shoots were not functioning
independently, but were interacting with respect to GA and

cytokinin metabolism.

As with gibberellins, sap-cytokinin activity varied
between plants at a similar stage of development. Cytokinin
concentration and the amounts being transported peaked
slightly earlier then did gibberellins, being at a maximum
at advanced bud burst. Cytokinin levels then decreased as



239.

shoot elongation began. The sap-cytokinin was found to be
possibly identical with zeatin riboside, and may have
played a role in both bud burst and shoot growth.. In the
apple a high level of trunk sap cytokinin seemed to act

as a triggering factor for the initiation of spring growth,
which it preceded (Grochowska and Karaszewska 1978). 1In
this, cytokinins could act similarly to GA in controlling
the translocation of assimilates to support shoot growth
(Shindy et al. 1973), and subsequently generally support
normal shoot development (Bachelard and Wightman 1974,
Jones, 0.P., 1967, 1973).

During the summer the inhibition of lateral bud
growth became progressively stronger from January, to a
maximum about the end of May which lasted through June.
Hence this summer correlative inhibition appeared to
merge into the condjtion known as winter dormancy.

ABA, 1AA, and a mobile auxin-like substance that
moved down a stem were potent inhibitors of bud growth,
whereas the presence of roots favoured bud outgrowth.
Applications of cytokinin generally inhibited bud growth,
although on one occasion they acted similarly to roots in
promoting bud burst during the summer. The leaves were
inhibitory of bud burst, and this probably reflects their
production of auxin, which is widely accepted as being the

primary correlative inhibitor.

What was originally described as summer dormancy
then is probably a correlative inhibition due to auxin
produced in the shoot tip and also in the leaves. In the
presence of elevated auxin levels it is likely factors
such as cytokinin which are promotive of bud burst cannot
act. In the blackcurrant, bud growth was rapid in a
period in late summer when correlative inhibition was less
strong (Nasr and Wareing 1961). In this study stem-
cytokinin levels in December were depressed in the pre-
sence of 1AA, and Woolley and Wareing (1972a) have shown



240.

that auxin can affect a bud's ability to receive and
utilise cytokinins for growth.

The problem of the correlative summer inhibition of
bud growth appears similar to that of winter dormancy -
both possibly being the result of an inability to utilise
cytokinins: in effect a cytokinin deficiency.

The breaking of winter dormancy is apparently
related to a rise in the level of growth promoters which
may be cytokinins and/or gibberellins. Once dormancy
has been broken GA strongly promotes shoot elongation.

Temperatures of 4° - 8°C were best for producing
efficient and rapid bud burst of dormant winter buds, and
0°C was relatively inaffective, - and in this respect
the buds were typical of true dormancy. However it seem-
ed weaker in degree as storage temperature of 16° - 24°C
for 24 days induced more rapid budburst than storage at
4o - 12°%., It would appear that in some manner chilling
renews the supply of growth promoters - and the stress
that results from incubation at warm temperatures, or
from removing the bud's surrounding tissues acts in the

same manner,

Gibberellins could be an important part of these
growth promoters as it is known that both chilling and
also GA treatment restore growth in physiologic dwarfs
(Powell 1978). Also other authors have attributed the
emergence of the buds from rest to the build-up of endo-
genous GA's and Ramsay and Martin (1970) found an increase
in apricot bud GA-like activity shortly prior to the end
of rest. It appeared that about 700 hours chilling was
adequate to result in rapid bud burst, typical of the end
of dormancy, and this has normally occurred by 1 July.
Thus it is necesgary for any studies on the involvement
of growth regulators in the breaking of dormancy to be
done in May and June.
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The role of inhibitors in bud dormancy is not clear,
but some theories regard dormancy as being controlled by
a growth regulator balance including inhibitor concentra-
tions falling belo. a threshold concentration. In
kiwifruit, as in other plants, rest intensity increases
through the summer, snd autumn applications of growth
regulators do not promote bud outgrowth - suggesting there
is the accumulation of an inhibitor. In this study,
autumn bud-ABA had fallen by the time dormancy was broken
in early July, but 4ABA activity was not related to the
capacity for rapid bud burst, or the breaking of dormancy
The fact that the decline in bud ABA was not temperature -
related, suggests winter chilling does not promote bud
burst by reducing ABA levels.,

The kiwifruit roots were not shown to contribute
directly to bud burst in the spring, although they could
have had a residual effect. In a study of root growth, it
was found to occur along with, or following bud movement,
and so while the roots did riot appear likely to initiate
top growth they did support the subsecuent shoot growth.
Studies of stem and sap cytokinin and GA activity did not
indicate they were related to the breaking of dormancy,
but they increased with the start of shoot growth - in
which process they are likely to have played a controlling
role. Unlike Hewett and wWareing (1973a) the build-up in
sap-cytokinin level did not precede the rise in bud-
cytokinin - both being highest at an early stage of bud

growth and decreasing once bud burst was under way.

Stem tissue was found to be able to make cytokinins
available to the buds, and would form an alternative
source of this hormone, as was found to occur following a
dormancy-breaking stress in coffee (Browning 1973b). It
would seem that any factor promoting bud burst, or over-
coming dormuncy, dces so by directly affecting the buds
or stems, and not indirectly via the roots.
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Juvenility and a Juvenile-like condition in blackcurrant.

Juvenility has been much studied, but the concept
has led to difficulties in definition. Traditionally it
is used to describe the non-flowering condition character-
istic of young seedlings, as distinct from other plant
systems, It appears to be largely for this reason that
Schwabe znd Al-Doori (1973) describe a condition with
similar characteristics, but in blackcurrant cuttings, as
a juvenile-like condition. However Schwabe (1976) suggests
one should regard a plant as in a juvenile condition when
it fails to become reproductive even when exposed to
environmental conditions which would normally induce
flowering. It is of interest that Schwabe (1976) makes no
reference to Zimmerman's (1973) "transition period", which
was proposed to account for the flowering response of the
young vegetatively-propogated plant system that Schwabe
has usually worked with.

There is a further reason to believe that the
juvenile-like condition of blackcurrant being considered
is distinct from true juvenility. Robinson and Wareing
(1969) have indicated thut phase change occurs in the
shoot's meristematic tip, distinct from the differentiated
part of the shoot, and hence affects subsequent tissues.
Schwabe and Al-Doori (1973) found their juvenile-like
condition was not an inherent property of the bud or shoot,
but was related to the bud's position relative to the
roots. Purther, once this blackcurrant shoot is large
enough to respond to inductive conditions, flower in-
itiation then occurs in « besipetel position. Hence,
while juvenile characters may appear in a vegetatively -
propagated plant, it 13 inaccurate to describe it as be-
ing juvenile. Uescribing it as being in an invigorated
transition phase type of condition of the adult, or
juvenile-like, sewvins to be more correct. Such a .dis-
tinction is also seen by Robinhson and WNareing (1969Y)
in their reference¢ to u 'ripeness-to-flower' state that
occurs with phuse chunge, and a condition of the shoot
that requires ageing in order for it to be able to respond
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to inductive conditions.

In this study using vegetively-propagated plants,
in 'adult' plants there was a marked gradient in stem-GA
level, from high basal levels to very low levels in the
upper part of the shoot. As the first buds to initiate
flowers were those in the upper part of the stem, it
appeared as if high-GA was discouraging initiation. How-
ever, in contrast to the results of Schwabe and Al-Doori
(1973) the roots and stems of short juvenile-like shoots
in which flower initiation was not vossible contained very
low levels of GA. It was therefore not possible to support
the idea that the juvenile-like condition of the black-
currant is due to the proximity of the shoot tip to the
roots, and that this is due to gibberellins coming from
the roots (Schwabe and Al-Doori 1973).

viareing and Frydman (197¢) believe that juvenility
in ivy is maintained by relatively high GA in the shoot
apices. But the results with blackcurrant seedlings
which detected no stem-gibberellins in the shoots at any
stage suggests it is inaccurate to claim low GA-like
activity is the cuause of gaining the ability to flower.
Hence a prime function for the roots in the control of
this aspect of plunt development was not indicated. It
has been suggested elsewhere also, that low GA alone is
probably inadecuate for phase change (Wareing and Frydman
1976). In discussing clonally-produced blackcurrant Nasr
and Wareing (1961) proposed that correlative inhibition
prevented flower initiation in the early part of the
growth cycle. Perhaps then the GA/auxin balance is im-
portant both in phuase change and in the ageing required by
the juvenile-like bluckcurrant, and this aspect should

receive further consideration.



APPENDIX 1.

Determination of Alar residue in kiwifruit.

#nTHOD: Place in a 2 litre flask 50 gm. of homogenized
sample of frozen, pulped whole fruit. Add 100 ml. 50% NaOH,
50 gm. NaOH pellets, 8.4 ml. 12 TiCl3, 1l ml. Antifoam A, and
1l gm. gran. zinc. This mixture was distilled and 40 ml, dis-
tillate was collected in 5 ml. 2,2 citric acid conteaining 1
drop phenolphthalein solution.

If pink colour appeared, sufficient citric acid solution
was added dropwise, to discharge it. The distillate solution
was then acidified to 3.5 with dropwise addition of 2% citric
acid.

When ready to develop the colour, dilute NaOH was
added dropwise to give a pH of 5.0. Then 5.0 ml. of 1%
Trisodium Penta Cyanoamine ferrozte was added, the whole made
up to 50 ml. and shzken well. After one hour the solution
was filtered through iWhatman No. 1 paper and the absorbance
measured on a Hilger Biochem Absorptiometer at 490 and 460 mu
in 1 cm cells using &a reagent blank,

The Net Absorbance was calculated as (Ab490 - Ab,c, and
this was plotted on a Standard Graph using 200, 400, 800, and
1000 I.Agm dimas.

Untreated samples of kiwifruit were analysed after the
addition of aliguots of dimas and the % recovery determined.

The treated samples were then analysed, without fort-
ification, and the results corrected for % recovery.
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HPLC of cytokinin extract of kiwifruit sap.

High pressure licuid chromatography was performed with
ISCO equipment model 1440C3N, incorporating high pressure
(2000 psi) Dialagrad pwnps. The column, 25 cms. X 2 mm i.d.
was packed with microparticulate silica (Varian Aerograph
Si - 5). The system was linked to a UAS monitor with built-in
recorder, and micro flow cells, with 10 mm path length and
19 }.11 hold-up volume.

The dried sample extract was taken up in chloroform-
acetic acid ( 9:1 90% saturated), and 25)}ﬂ.injected through
a sample loop. lhe sample was eluted with a final solvent 80%
from pump A and 20 from pump B, at 20°i 2°C and 1450psi, and
20 ml/hr.

Solvent preparation.
The solvents used were:
Pump A - Chloroform/acetic acid 9:1 (907 saturated).
Pump B - Chloroform/Acetic acid 8.5 : 1.5 (90/0 saturated) +
20 methanol.

The 90% water saturated solvent was prepared by saturat-
ing dry solvent in a separcting funnel, and then adding 10%
of dry solvent.
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