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Chapter 1

REVIEW OF LITERATURE

FLOWER DEVELOPMENT IN TEMPERATE
AND SUBTROPICAL FRUIT TREES AND VINES

A, INTRODUCTION

It has long been known that flower buds are formed in most fruit trees
during the season prior to that in which they bloom, and knowledge
concerning factors which influence this phenomenon are helpful to an
understanding of the growth and cropping behavicur of fruit trees and vines.

Iess information has been obtained on the physiology of flowering in
fruit trees and vines than on herbacecus anmuals., This is due to problems
associated with their size, juvenility and their lack of response to
specific flowering stimuli such as photoperiod or vernalization.

There has been much confusion in the literature concerning the
terminology relating to the change from the vegetative to the reproductive
state. The following terminology after Thamas (2385), and based on
definitions by Evans (87), will be used throughout this thesis.

Flover evocation refers to the physiological changes at the apex
caused by the accumilation of flower-forming factor(s).

Flower initiation occurs when there are visible changes at the apex.

What has been called initiation by some authors is a general term and

by recent terminology could cover either evocation or initiation.

B. THE FLOWERING PROCESS

Organogenic studies of floral development in woody peremnials are
difficult to categorise into any logical sequence because of the diverse
and varied way in which flowering is expressed.

Classically, the flower can be regarded as a campressed determinate
shoot in which the sepals, petals, stamens and carpels (and the sterile
staminodes and carpellodes, where present) are successive lateral organs.
At flowering the vegetative shoot apex, whether terminal or lateral,

undergoes various physiclogical and structural changes and becomes



directly transformed into either a single flower or an inflorescence (109,
149,243,264) ., The principal differences between vegetative and reproductive
apices are in their different patterns of growth. Growth in the vegetative
apex is normally indeterminate, whereas in a reproductive apex, growth is
determinate (243). _

During the growing season of woody perennials, buds are produced
terminally on a long or short shoot (spur), or laterally (axillary) in
the axil of a leaf. These may be either vegetative or floral (simple)
and/or mixed. There are no leaves associated with the flowers of simple
buds although the bud scales may expand and persist as in the cherry (58).
Within a mixed bud, flowers may be arranged terminally or laterally. The
type and position of floral buds are generally characteristic of that
species. Flower buds on apricot, plum, peach, cherry and almond are
simple and are borne laterally on new shoots and, to varying extents on
spurs. A single bud may produce one flower (peach, apricot and almond),
one to three flowers (plum) or more than three flowers (cherry). Apple
and pear flower buds are mixed and uswally found terminally in shoots or
spurs but may be lateral on shoots. On expansion, buds produce leafy
shoots which terminate in flowers. The quince is similar, but, on bud
expansion a single flower instead of a cluster is prcduced at its apex.
Flower buds of the Chinese gooseberry, Actinidia chinensis Planch. are
‘axillary, and flowers are formed in the axils of leaves and bracts but
never in the apex which remains vegetative (190}.

- While it is possible to categorise the flowering habits of many
species and cultivars into one or another of several groups (106,157), such
classifications are arbitrary as there are overlapping and borderline
cases. Individual flower buds of citrus may be produced laterally or
terminally and may be simple or mixed, with flowers either terminal or in
axils of leaves or bracts (157). Grape flower buds are mixed buds that
are formed fram lateral buds on shoots of the current season. Flower
clusters appear to be lateral but are initially formed terminally, and,
while still in the bud, they assume a lateral position by the development
of a subterminal axillary meristem. .

The timing of flower initiation, which varies between species and
cultivars is largely controlled by internal factors {69,9%), but may be
modified by the external environment (159,217). The observed time of
flower initiation, as reported by various workers varies depending on the
criteria used to describe the change to the reproductive condition (6,99,
135,256). Moreover somz workers refer to inflorescence initiation, and

others to flower initiation processes which may be separated by an



interval eg., several weeks in apple (99) and several months in grape (330).
In most deciduous fruit trees flower bud initiation uswally occurs in

mid to late sumer, 6 - 12 wmonths prior to blocom, when the bud has
completed much of its developrent. It is generally associated with the
cessation of shoot growth and leaf expansion. (30,32,58,9%9,207). Fulford
(99) chserved that flower imitiation in apples was intimately related to

the pattern of bud development and occurs after several bud-scales of the
terminal bud have been formed, and when the leaves preceding the bud

scales were fully expanded. Generally, flower initiation for stone fruits
is later than that for pome fruits (30,32}).

In contrast with pip and stone fruits, flower initiation in the grape
vine is not connected with a cessation of shoot growth (183). Inflorescence
initiation generally commences in mid sumner (33,330), and depends on the
position of the winter bud on the cane (14,29,33,285,330), and the position
of the inflorescence or the condensed shoot within the bud (285). Most
workers (29,33,183,285,330), state that flowers are initiated on the
already formed clusters in the spring, but a few report a large proportion
of floral meristems forming sepals in the summer preceding the season of
flowering (6,14).

Compared with temperate deciduous fruit trees and vines, the time of
flower bud initiation in subtropical evergreen fruit trees is late and
| takes place about the commencement of a growth flush only a few weeks
prior to bloom. (1,135,256). As a result it is frequently not possible to
distinguish between a flower bud and a purely vegetative cne hefore it
opens, either from its size or position. Like most deciducus fruit tree
crops, the bloom period is usually in the spring, but in scme cultivars
and in some localities this may occur at other times of the yvear. In
California, avocado cultivars of the Guatemalan race normally bloom in the
spring and early sumuer, whereas many cultivars and seedlings of the
Mexican race normally bloom in the autum (271).

Once the flower primordia are initiated, develcopment of the floral
parts takes place acropetally, viz., the order of development is sepals,
petals, stamens and pistils. Development may be slow and interryrupted
{eg., by a winter period) as in most temperate fruit trees or rapid as in

citrus and subtropical fruit trees.

C. GRONTH AND FLOWERING CHARACTERISTICS OF Acrrnripra SPECIES

Li (190) has carried out a taxonomic review of the genus Actinidia.



He described the species as hbeing:
'Climbing shrwbs, glabrous, strigose or tomentose, the indumentum
of stellate or simple hairs; pith solid or lamellate; bark often
with linear lengthwise lenticels; winter buds very small, enclosed
in the swollen base of the peticle. Ieaves simple, alternate,
usually long-petiolate, serrate or dentate, rarely entire,
permninerved, the costa usuvally sulcate, the veinlets reticulate,
usually in cross bars; stipules minute, obsolete or absent. Flowers
white, vellow, or reddish, polygamous or dicecious, usually 5~ or
4-merous, in axillary often pseudoumbellate cymes of few or many
flowers, sametimes solitary; bracts generally present, minute, 1 or
2 at the apex of the peduncles. Sepals 5, rarely 2 - 4 inbricate,
rarely valvate, free or slightly connate at the base, persistent.
Petals 5, rarely 4 or more than 5, convolute, thin., Stamens
nurerous, in pistillate flowers usually with shorter filaments and
smaller sterile anthers; filaments slender; anthers versatile,
attached at the middle, reflexed in bud, usually divaricate at
base, dehiscing lengthwise, vellow, brown, or purple. Disc absent.
Ovary free, superior, tomentose or glabrous, ovoid, cylindrical,
or bottle-shaped, many-celled; ovules attached on the central axis;
styles many (15 -~ 30), free, persistent, radiating, elongating
after flowering, the tip stigmatic, excurrent; rudimentary ovary
in staminate flowers very small, with minute styles. Fruit a
berry, glabrous or sometimes hairy, globose or cblong, spotted with
lenticels or not, containing raphides. Seeds muerous, small,
biconvex, oblong, imrersed in pulp; testa cartilaginous, reticulate-
pitted, dark when dry; albumen coplous; embryo comparatively large,
cylindrical, straight, the cotyledons short.'

Li (190) also gives a detailed taxonomic description of the species
A. chinensis. He states that they are:
'Clinbing shrubs to 8m.; branches reddish brown, with paler
oblong lenticels, the young branchlets brownish—pubescent or
setose; pith large, lamellate, whitish or vellowish. Leaves thin-
cor thick~chartacious, those of the sterile branches broadly ovate
to elliptic, very shortly acuminate to cuspidate at apex, those of
flowering branches suborbicular, shortly cuspidate, rounded or
truncate at apex, rounded to more or less cordate at base, 6 — 17
cm. long, 6 - 15 cm. broad, the margins minutely denticulate, the
teeth produced by tips of veinlets, the upper surface dark green,



more or less puberulcous, more densely so on the costa and nerves,

or densely scabrid-hispid throughout, the lower surface very pale,
densely whitish~stellate~tamentose, the costa veins subconsplcuous
above, raised and distinct beneath, the secondary nerves about 5 - 8
per side, strongly patent, straight or arcuate-ascending, anastomosing,
the branchlets ending in the marginal teeth, the veinlets in
parallel crossbars, more or less conspicucus; pstioles 3.5 - 7.5 cam.
long, more or less densely pubescent. Inflorescences in few—
flowered cymes, from axils of fallen leaves, pubescent; peduncles
about 1.5 am. long; pedicels 1 ~ 2 cm. long; bracts minute, linear.
Flowers orange-yellow, the staminate slightly smailer; sepals 5,
sometimes 3 or 4, ovate-cblong, about 8 ~ 10mm. long and 6 -~ 8 mm.
wide, obtuse to acute at apex, brownish-tomentose without: petals

5, broadly cobovate, shorély clawed, rounded at top, about 1.4 -

1.5 an long, 1 - 1.2 cm. broad; stamens very numerous, the
filaments filiform, unequal, about 5 - 10 mm. long, the anthers
oblong, 1.5 mm. long, acute to obtuse at apsx, slightly sagittate

at base; ovary subglobosge, about 6 - 7 mm. across, densely brownish-
villose, the styles linear, about 5 -« 6 mm. long. Fruit subglobose
to ellipscoid, about 3 om. across, densely brownish-hirsute all

over; seeds oblong-ellipsoid, 2 - 3 mm. long, foveolate-reticulate.'

Flowering is reported to be in mid to late summer in Britian (61)
but in New Zealand A. chinensis reqularly flowers in the late spring.

Little has been recorded on the course of flower development in
Actinidia species. The only report on the flower initiation process in
any Actinidia species has been on A. kolomikta. (171}. The nature of
the floral buds of a. kolomikta and their location within the vine are
similar to A. chinensis and there are no external morphological differences
between floral and purely vegetative buds. Xolbasina (171) states that
initiation commences during the growing season, and by the end of sumer
there are axillary cones of flowers with undifferentiated floral parts
in the completely formed floral bud. The buds remain in that state
during winter and only in the spring, at the opening of the buds, does
subsequent differentiation of the flowers start.

Development in the spring is rapid and an embryonic inflorescence
consisting of three flowers, a fairly large apical one and two very small
lateral ones, are formed. In staminate inflorescences the lateral
flowers remain undifferentiated until the apical flower has developed

petals and the stamens and pistil are forming and then development is



rapid. In pistillate inflorescences however, the lateral flowers remain
undifferentiated and finally absciss.

Androecial and gynoecial development in staminate and pistillate apical
flowers is initially the same but eventually differes. In staminate flowers
the stamens contimue to elongate and develop but grcﬁtﬁ of the ovary stops,
whereas in pistillate flowers gynoecial development continues but the
stamens remain underdeveloped with short filaments. By full bloom, which
is in late spring (171), subseguent development results in flowers that
are functionally pistillate or functionally staminate.

D. THE RETATTONSHIP BETWEEN VEGETATIVE AND REPRODUCTIVE GROWI‘H
AND THE EFFECT OF SHCOT REMOVAL

Seedlings of most woody plants exhibit a juvenile period during which
flowers cannot be induced, and, in most tree fruit crops, this delay in
flowering may last for a number of years (53,304). This delay varies
greatly between and within different species (157). Juvenility, as a
general topic, and specifically to fruit trees, has been reviewed a mmber
of times in recent vears {(269,304,311,333). As well as its theoretical
importance, studies of the factors which cause and influence juvenility
are of considerable practical significance, especially those factors which
‘may shorten that phase. (12,88,148,166,262,288).

For breeding purposes and in camercial fruit growing, various tech-~
niques has been used to considerably shorten the juvenile phase, and the
lag in bearing. These include breeding and selection, controlled environ-
ments and various cultural practices and shock treatments such as girdling,
freezing, drought, root pruning, excessively heavy chemical treatments and
grafting on to mature trees or dwarfing root stocks (149,187,262,333).

In temperate and subtropical fruit tree crops, once flowering has
cammenced and the juvenile phase is over, a more or less regqular annual
pattern of flowering is set up. The regularity of repeated bloom depends
on how successfully the reproductive tissues can compete with other plant
sinks for essential metabolites. Although the actual mechanisms are still
cbscure, tracer studies have established that: plant hormones play a
dominant role in determining the direction of movement of organic meta-
bolites and in establishment of sink source relationships (197).

Ant agonism between vegetative growth and flower formation is a widely
held theory among plant scientists, and certain cbservations are in agree-

ment with this belief. Flower development in temperate fruit tree crops



occurs about the tinme of cessation of shoot growth and leaf expansion (31).
In biennial bearing trees a positive correlation exists between the
increment of spur growth and the percentage of flower buds differentiated
when trees in both the 'off' and 'on' years are considered together (69).
Low light intensity increases internode length and reduces flower initiat-
. ion in apricots (155). Apple spur mutants, which arise as chance bud
mutations of the parent cultivar, are used commercially and are generally
characterised by reduced vegetative growth, short internodes and enhanced
precocity (322). A stimulation of flower bud formation along with a
supression of shoot growth in many fruit tree crops follows treatments with
growth retardants (35,82,197,212), and the converse with certain growth
stimalants (331,42,212).

However in many of these instances there is no proof for a close causal
relationship and a number of observations suggest that the pramotion of
flowering is not always asscociated with retardation of shoot growth (180,
197). For example, growth retardants (35,216) and growth inhibitors (199)
promote flowering in various fruit trees without a corresponding reduction
in vegetative growth. Similarly in apricots, high levels of nitrogen
increased both flower initiation and intemode length (156).

While these obsexrvations suggest that flower evocation and shoot growth
should be regarded as partially independent processes (197), flower
| development cannot be considered in isclation from the rest of the plant.

The removal of the apical region of the growing shoot (tipping or
topping} has been used in grapes to increase set and yields {(67,68,195,
265,293). However, little has been reported on its effects on flower
development. Thomas (293) reported that flower bud formation was stimilated
in the Sultana grape by tipping arcund bloom but in subsequent seasons
vields progressively declined due to reduced vigour. He and others (see
195) have concluded that tipping should not be practised as a means of
increasing yields because of its debilitating effect on vegetative growth.
Ioomis {195) on a more vigorous cultivar however obtained increased yields
over a 5 year period by bloom time tipping.

Following damage by spring frosts or hail, Antcliff et al. {17} found
that fruitfulness in Sultana grape buds was higher coverall and the distal
region of the canes was more fruitful. However, canes formed on vines
damaged by frost or hail much later in the season had fewer fruitful buds
in the proximal region and a lower overall fruitfulness. To compensate
for such tendencies, more buds should be left on canes at winter pruning

{17} . Early sumer pruning of apple trees prolongs vegetative growth and



delays flower bud formation (58). Depending on the maturity of the wood,
mid or late sumrer pruning may cause a flower bud to form at the next
distal leaf left on the shoot. However, this influence of pinching or
sumer pruning of shoots does not increase the tendency of other buds to
become flower buds (58).

Decapitation of the main shoot of the mango also causes-flower
evocation in the laterals; in intact shoots those laterals become vegeta-
tive laterals (257)}. Evocation takes place in the axillary buds within
4 days after decapitation and initiation rapidly follows. However, flower-
ing only takes place if leaves are left on the main stem. These effects
have been explained in temms of an auwxin-florigen antagonism or to the

inhibitory action of the main shoot when it is in active growth (see 179).

E. THE ROIE OF LEAVES AND BUD SCALES AND THE EFFECT OF DEFOLIATION

leaves are necessary for flower formation and their importance in
flower initiation has been stressed by many workers (69,103,125,198).
Although Fulford (99) could find no evidence for the requirement: of a
critical leaf area for flower initiation on apples, when the whole tree was
considered, defoliation experiments on grapes (183) and on ringed branches
of both apples and cherries (69) showad that a certain number of leaves
‘had to have been formed before floral initiation would occur. Further, in
several fruit trees, including apples (95,99), pears (8), plums (261),
cherries (238), apricots (210), grapes {206), mangos (257), olives (103),
and citrus (103), removal of leaves either mechanically or by chemical
treatment, results in a reduction of flower bud initiation.

As well as reducing flowering with pre-initiation treatment, defoliation
treafnents during the post initiation period can also curtail effective
flowering. In the apple the removal of the expanding spur leaves in the
spring prior to bloom reduces fruit set and subsegquent yield (19,191).

In one-year—old grape hardwood cuttings, inflorescence growth usually
ceases soon after bud burst and the inflorescence shortly shrivels and
abscises. Removal of the basal leaves to the leaf adjacent the inflores-
cence as soon as they appeared, enabled growth and development of the inflor-
escence to take place(224). By pruning to a single inflorescence Mallins(224)
was able to obtain bunches containing up to 100 grapes within 12 weeks from
planting. In field grown vines however, defoliation 2 weeks be%ore bloom
markedly reduced set by greatly reducing pollien viability (from 38% to 4%)
as well as upsetting gynoecial development (328). Both phenomeha can be
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explained in terms of coampetition. Leaves contribute little to early
growth on hardwood cuttings and are importers of photosynthates (224).
Competition for nutrients and metabolites is much greater at that time,
~ence the localised removal of leaves eliminates a strongly competitive
'sink' frem the developing inflorescence. Removal of mature leaves however
reduces set by removing a source of photosynthates. While removal of
leaves has a pronounced effect in reducing initiation and later development
in the defoliated area, up to 50% of the leaf in the apricot (210) and
apple (133), 25% in the plum (305} and over 90% in the olive (125), has to
be removed for appreciable initiation inhibition to occcur.

Pefoliation and obhservational studies support the theory that the
influence of the leaf is localised. Defoliation experiments have shown
that the iphibition of flower formation occurs only in the treated portion
(125,198). Heinicke {143) has observed in the apple that buds in the axils
of small mature leaves remain small and dormant, or give rise to weak spurs
which result in a reduced bloom, whereas larger mature leaves usually have
well developed buds in their axils. 2As well as leaves, the cther organs
within the bud have recently been recognised as playing an important role
in the flower forming process (3,96,270).

Bud scales, which enclose the flowers prior to expansion, are formed
by the withering of the lamina and petiocle of the leaf primordia. They
‘have been shown to be physiologically active and increase in both size and
welght (3). BAbbott {(3) and Schneider {270) suggest that they provide not
only a protecﬁive covering to the bud, but also act as a buffer against
resunption of growth. B2Abbott (3) further speculates that indirectly,
through the absence of laminae, they account for the abrupt cessation of
axis extension, and for the proliferation of lateral meristems which leads
to the inception of inflorescence development. In storing nutrients, bud
scales provide a reserve upon which the early growth of the bud can be
sustained, but until senescence they ensure against premature bud break by
competitive resorbtion.

Fraom defoliation studies on apples, Fulford {99} found evidence of a
self regulating system of factors controlling the development of buds and
the ability to form flowers. This was based on the inhibitory nature of
rapidly expanding organs as they affected the plastochrone, the time
between the initiation of successive leaves or other organs in the bud.

In the past, such studies were interpreted purely in terms of nutrient
supply. However growth substance and radicactive trace studies have shown

that those early theories were incomplete (19,254)., Using 14CO2 on
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apricot leaves, Minnis {210} showed that the radicactivity moved through-
out the plant. Although the radicactivity accumulated to higher concen—
trations in the buds than leaves, and values were generally higher in the
axillary bud of the labelled leaf, other buds scmetimes had higher levels,
especially when immature leaves were treated. Further, the fact that buds
lacking a subtending leaf accumulated l4C from other treated leaves as
readily as buds with leaves intact suggest that the subtending leaf is not
the sole source of carbohydrates and that it is not essential to enable
the bud to attract metabolites from the rest of the plant. As well, the
work on apples by Fulford (97,98,99) indicates that the patterns of bud
development are too precise to be explained solely in terms of nutrition,
Similarly, post initiation defoliations suggest that results be explained
on a hormonal rather than a photeosynthetic basis (19).

Endogenous growth substances, which are present in leaves are known

to play an important role in flower formation (see section on role of

growth regulators).

F. THE ROLE CF CARBOHYDRATES AND MINERAL NUTRIENTS

High levels of carbohydrates in fruit trees have, for a long time, been
showm to be conducive to flowering (69,96,128,133,208,234,291). Further,
flowering may be enhanced by treatments such as girdling, root restriction,
root pruning and crop removal, which increase levels of carbohydrates in
the shoot (80,234,249). Conversely, treatments which deplete lewvels of
carbohydrates, such as leaf removal, shading and crop retention, reduce
the tendency to form flower buds {192,234).

However, while much effort has been expended in establishing the role
of carbohydrates in the flowering process, no evidence has been forwarded
that they play a causal role., In fact, there is evidence to suggest that
the initiation of the flowering process may precede the accumilation of
carbohydrates and the variations in their levels are rather a consequence
than a cause of flowering (see 200). Howvever, may workers have produced
conflicting resulsts. While lLewis et al (189) reported that levels of
carbohydrates were different in the ‘on' and 'off' years of biennial
bearing oranges, levels continued to fluctuate when the trees were brought
into annual production by chemical fruit thinning. Recent studies have
shown girdling did not increase levels of carbohydrates in young cherries
(54), and neither low light intensities or partial defoliation of apple
trees significantly reduce carbohydrate reserves (249). Many workers
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have reported that if carbohydrate levels had altered following treatments
such as defoliation, shading, girdling or defruiting, their effects were
smz2ll in magnitude and disappeared before growth resumed in the following
spring (144,164,175).

These reports, along with work on forestry trees, which suggest that
flower initiation may precede the accumilation of carbohydrates (200),
lead to the conclusion that there is no direct causal role of carbohydrates
in the flower initiation process. '

A long held theory used to explain flower initiation has been the
carbon/nitrogen {(C/N) ratio. The theory, first proposed in 1918 by Kraus
and Kraybill (174), suggests that flowering would be favoured if there was
a high C/N ratio in the plant. Conversely, vegetative growth would be
favoured if the ratio was low. Although this theory has been widely
accepted, current evidence does not support it.

Many reports show that application of nitrcgen fertilizers can stimulate
flowering in deciduous (13,40,41,58,78,323,325) as well as evergreen (79)
fruit trees, and that flowering is favoured by high nitrogen levels in
tree shoots and buds (234).

As well as species differences, the type of nitrcgen supplied and its
time of application in relation to the growth phase of the tree have been
shown to be important and explains much of the confusion existing in the
| literature on its effects on growth and fiowering (78,114,156,327).
Generally spring applications of nitrogen do not affect flower formation
{78}, while late summer application {post initiation) results in stronger
more fertile blossom (326,327) resulting from increased longevity of the
embryo-sac (148).

Several studies indicate increased flowering following phosphorus
applications (18,93,94,263) and some indicate a positive correlation with
levels applied (90,91). Reduced flower bud formation reportedly has

regulted from various nutrient deficiencies (40,41,307).

G. THE ROLE OF THE REST PERTOD AND THE EFFECT CF TEMPERATURE

2s well as a Juvenile stage during which plants will not reproduce,
woody plants characteristically have a distinct rest period between
evocation and anthesis. The phenomena of dormancy and rest have been
reviewed on a number of occasions in recent years (266,302,313). Samish
(266) defines 'bud doxmancy' (or guiescence) as the condition when growth

is stopped by unfavourable external conditicns such as cold temperature,
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and 'rest' when growth will not proceed nommally even in a favourable
environment and is due to internal factors.

In deciduous fruit trees the onset of rest in the buds takes place
acropetally along a lateral and occurs about the time the leaves subtending
them become fully expanded (58). Before the onset of rest, lateral buds
do noﬁ grow due to a correlative inhibition imposed by the shoot apex
(apical dominance), the leaves subtending those buds, or both (58). The
removal of imposed correlative inhibition by defcliation, decapitation, or
both, has been used to determine the time of onset of rest in spur and
shoot buds {58,255).

For most deciducus trees it has been shovm that rest is due to a
chilling requirement which must be satisfied before the buds will burst
normally (60}. Species and cultivars vary in their chilling requirements
to terminate rest. Generally grapes and some peach cultivars have a low
requirement, while apple and pear cultivars have a high requirement.
Insufficient chilling, which occurs in many fruit growing areas with mild
winters, leads to seriocus disorders collectively temmed delayed foliation,
which may make coamercial crop production impracticable {282). Such
disorders include delayed opening of buds, and irregular blosscming with a
large percentage of buds failing to open at all. Of those that open, many
flowers may have deformed female parts and a low pollen viability (282}.

" When the percentage of deformed flowers is high, fruit set and vields will
be poor (268). Further, such conditions lead to an early decline of the
tree (268).

For many cultivars, particularly peaches and apricots, the amount of
chilling needed has been detexrmined, and the region in which they can be
grown with a reasonable expectation of success have been defined (267).
Chandler (60), qguantified the term ' chilling requivement' where it was
used to mean the total amount of cold required to break rest and was based
on two assumptions:

{a} The existence of a threshold temperature above which rest will not be
affected; and
(b} The effects of all temperatures balow that threshold were equal.
Although temperatures above the accepted critical threshold of 7.2°%C
acquire rest breaking activity (320}, many workers have found that high
temperatures prevent the breaking of dormancy and oppose the positive
effect exerted by low temperatures (36,237). In some species other
temperatures eq., 6.00C in peach (84), have maximal rest-breaking effect
with a decline in efficiency as the temperature changes in both directions

(268). Temeratures approaching freezing, result in decreased efficiency
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(see 84). Further diumally fluctuating temperatures can enhance the
termination of rest (84). Because the termination of rest follows an
optimun curve, 'weighted chilling hours' instead of the general 'chilling
hours' have been proposed as a chilling measurement criterion {84).

The responses to c¢hilling are perceived by the buds of the tree (173),
and both vegetative and floral buds require chilling to break the rest
period (320). Frequently there can be a difference in chilling requirements
between flower and leaf buds within one cultivar, with vegetative buds
usually having a greater chilling requirement (320).

Wareing and Saunders (313}, in their recent review on dormancy,
related the control of rest to changes in levels of endogencus growth
substances; simply, rest being imposed by a build up of inhibitors and
terminated when inhibitor levels fall and/or growth promotor levels rise.

Light also affects the rest period. Early investigators mentioned the
negative effect of direct sun radiation during winter and emphasized the
beneficial effect of winter shade. The shading effect was explained by
lowering bud temperatures (319). However light is also involved directly
in the termination of rest (85) although, in the peach at least, the light
requirement. is confined to leaf buds only; flower buds open freely in the
dark (268). The light requirement seems to be related to the phytochrome
system as it can be satisfied by short exposures of low intensity red light
and be reversed by subsequent far-red illumination (268).

The advantage of limited light over the dormant period is ecologically
significant. Compared with lower latitudes, in areas where delayed
foliation is a problem, not only are winters milder, but also days are
longer and light intensities over the winter greater. Further, as
temperatures in the spring rise more slowly at lower latitudes, bud burst
is later and therefore occurs during a much longer day.

In regions where delayed foliation is a problem, several materials
have been used camercially to break rest in fruit trees (84,282). Such
compounds include dinitroorthocresol (DNOC), winter oil (sometimes fortified
with DOC) and thicurea. Several workers have also reported positive re-
sults with GA {306} and cytokinins {315,321) although in scme species, eg.,
in the grape, GA delays bud break (314).

As well as influencing dormmancy, temperatures can directly influence
flowering. In the grape the number of flowers initiated in the bud was
closely related to the maximum temperature recorded over a period of 4 hours
per day (rather than the temperature sumation) during a 3 week pericd
before the apex of the bud changed to the reproductive condition (49,50).
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Little initiation occurred at 130(2, but increased to a maximum at 30 - 35°C.
{Higher temperatures were not tested.) However, once initiation had
occurred, there was little appreciable affect of temperature on fruitfulness
{51). Similarly, apricots grown under controlled environments initiated
more flowers at higher (24°C) than lower (16°C) temperatures (210).
Flowering in some fruit trees however is favoured by low temperatures.
The olive has an obligate requirement for low temperatures (125,169).
However, winter chilling is not essential for the resumption of vegetative
groath {136). This situation is campletely different from most fruit trees
where flower initiation takes place in the previous summer and the winter
chilling period serves only to overcome the rest period of buds (139).
In the olive, controlled temperature environments showed that flowering
was completely inhibited above 16% (124). Diuwrnal tamperature fluct-
vation modifies the response (22) and the length of the chilling period can
be influenced by temperature (126). Further, incamplete chilling results
in aberrant development with a large proportion of bloams with small non-
functional pistils. Low temperatures favour pistil develcpment (22},
The chilling response is restricted to the stem and buds only, and to the
portion of the tree exposed to the low temperature. There is evidence
that themoinduction in the potential flower buds of olive, is accompanied
by an increase in gibberellins and a reduction in inhibitors while there
-is Jittle change in hommone levels in potential vegetative buds (23,24,
140). Citrus also have a low temperature requirement and high temperatures
will inhibit flowering (147,219). Moss (219) has stated that at least 4
weeks of inductive cool temperatures are required to initiate flowers.
This was a quantitative rather than a qualitative effect as, in the field,
such conditions would not be limiting.

H. 1HE ROILE OF HORMONES AND THE EFFECT OF APPLIED GROWIH REGULATORS

There is little doubt that the flowering of plants is under chemical
dOntrol since qualitative and quantitative changes of plant growth
substances cocur during flower induction and development. However, which
changes are the cause and which are the result of flowering, have not been
established. Iargely due to the variation between species and cultivars
in flowering behaviours, the classic concept of a specific flowering
hormone (florigen}, produced in the leaf and received in the bud, has
never been popular in polycarpic plants. The flower forming process is
now thought to involve a sequence of events, and each stage in this

progression of events is influenced independently by internal and external
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factors (87,295) ie. each stage would be determined by the hormonal balance
at the initiation site, but would also be modified by nutritional and
environmental factors. Much effort has been expended in trying to charac-
terise the regulators invelved in the flowering process and has followed
two main courses, viz. by following the level of endogencus hermones and/or
by studying the effects of applied growth regulators.

Fram such studies, all classes of regulators have been inplicated in
the flowering process although their precise role is not always clear eq.
in many long day rosette plants and some conifers, gibberellins markedly
and consistently pramote flowering (see 180), whereas in pip fruits ({76,
118,123,212}, stone fruits (42,65,82,152), citrus (111,150,217,220,229),
grapes (13) and tropical (163) and subtropical (24) fruit trees gibberellic
acid inhibits flowering. In fruit trees, it has been postulated that
flowering may only follow a reduction of endogencus gibberellins (111,197).

The other classes of growth regulators are less consistent in their
effect on flowering. Various auxins have reportedly promoted flowering in
the olive (23} litchi (274) as well as the pineapple (see 179), with a
correlated reduction of vegetative growth. Triiodobenzoic acid {TIBA), a
supposed auxin antagonist promoted flowering in apples (83,116), citrus
(167,216} and grapes (see 167). Iurther benzothiazole-2-oxyacetate (BTOA)
a canpound with a structure similar to IAA, stimulated flowering in some
‘citrus cultivars (216,217). It was thought to be an anti-auxin and acted
in a way similar to drought, lower tamperatures cor root pruning {216). Later
studies suggested it may act in a way similar to the purine derivative,
kinetin (289}.

Although cytokinins have not, as yet, been implicated directly in the
flowering process they are effective in releasing lateral buds of apples
fram dommancy imposed by the terminal bud, and in breaking of winter
dormancy (62,244,324).

Varicus inhibitors have been isolated in plants and have been
implicated in the flowering process either directly (88) or indirectly by
their influence on rest (313). In the olive abscisic acid (ABA) inhibits
flowering (23) and levels of 2ABA and other inhibitors alter in buds during
floral development (24).

Various growth retardants affect, sometimes spectacularly, the growth
and flowering of fruit trees. As well as reducing the juvenility phase
(35), they may increase the number of flower buds in apples (34,35,74,83,
197,213}, pears {35,74,119,212), plums (214), peach (82), cherry (301),
citrus (215,216,217,229). Generally retardants tend to delay flowering by
delaying bud break (35,83,120,121,250}.
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There is same evidence that the retardants can act directly on
flowering as bloom can be markedly increased without an appreciable effect
on shoot growth (35,74). The mode of action of growth retardants has not
been fully determined as they can affect aspects of auxin (63,178,258,263),
gibberellin (56,77,165), and cytckinin (279) metabolism, as well as inter-—
acting with sterioids (240). Others postulate retardants act by altering
the levels of basic metabolities, which in turn influence growth regulatory
substances, and in turn modify growth (5).

I THE ROLE CF LIGHT AND THE EFTFECT OF SHADE

Most fruit trees are considered photoperiodically day length neutral.
(48,58,216). Although flower initiation in apples (113) and apricots (210},
have been reported to be greater in long days than short days, the response
to day length was not marked and flowering was not eliminated in short days.
While Moss (219) has shown that the sweet orange was insensitive to day-
length at low temperatures, Lenz (186) indicated sare photoperiodic response
at moderate temperatures. As the delay in flowering increased as the photo-
period increased, the reported lack of response under longer photoperiods
may have been an artifact and flowering may have occurred if the experiment
had not been terminated. Field observations show that flowering can occur
- during the long days of summer (186).

There are many reports showing the effect of different light intensi-
ties on flower initiation. In the apple (142,239}, apricot (153), peach
(175) and grape (26,52,205), low light intensities resulting from shading
experiments, naturally by cloudy weather or within the tree canopy, have
been shown to reduce or prevent flower bud formation. Further, fruitful-
ness in grape vines have been related to the nurber of hours of bright
sunshine during the time of inflorescence initiation (125).

The time, duration and intensity all influence the effect of shade on
flower development {205). In the grape, only heavy shading {73%)
significantly depressed vields (205). May and Anticliff (205) showed that
heavy shading, over a critical pericd of at least 4 weeks between early
Novenber and mid December {about the time of inflorescence initiation),
was required to significantly reduce vine fruitfulness (nurber and size
of infloresence) the following vear. Shading for less than 4 weeks over
the creitical period or only before or after that period did not depress
fruitfulness.

In apples, ligher shading (with cheesecloth or muslin cloth) applied
earlier (at bloaom, le. prior to evocation, compared with around initiation

for grapes) for a shorter period {2 weeks) severely depresses flower bud
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formation (23%). Five weeks shading {80%) fram, just before bloom,
reduced blosscm by approximately 25% and continuous shade over the whole
season, reduced it to practically nil (20). Further, flower bud
development was affected and fruit set was considerably reduced in both
treatments. Similar treatments, extended to the second year, further
reduced blossom and set (20).

The precise reason for the reduction in flowering is not altogether
clear. May (203) showed that shading of individual buds of grapes {(and not
leaves) reduced fruitfulness in such buds and concluded that shading may
reduce bud fruitfulness, at least partly, by affecting development of the
leaf primordia inside the bud. In the soyabean, darkening of young
leaves reduces their import of assimilates and prevents them from reaching
full size which leads to their abscission (29%9). Insufficient import of
assimilates was considered to be a cause in the grape as, up to that stage,
the inflorescence was the weakest 'sink' of the shoot system {(203).
Although little has been documented on the effects of light on endogencus
growth substance levels in fruit trees, they are likely to play a role as
studies on other plants have shown light can affect auxins and gibberellins
{89,182).

- J. OTHER FACTORS INFLUENCING FIOWER DEVELOPMENT

Other factors, some being experimental manipulations, also influence

flower formation.

I THE EFFECT OF WATER

A period of restricted water supply prior to initiation has proved to
be beneficial in pears (7) and citrus (104,228). In Sicily and Israel
such a technique is used commercially to cbtain out-of-season lemons {see
217). Water deficiency during floral development however may reduce the
flowering potential (44,138).

The mechanism of evoking flowers through water stress is not clear,
but it is thought to be linked with a suspension of growth (154), by
upsetting C/N ratio (58) or upsetting endogenous growth substances (217,
229).

IT THE EFFECT OF GIRDLING

Girdling {or cincturing) has been used to help detemine the time of

flower evocation in a number of fruit tree crops (1,21,58,103,105,125,330),
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to reduce the juvenile period {58,69,74,232) and to stimulate flowering
{61,232,296).

In the olive, girdling, just prior to evocation increases the percentage
of perfect flowers, frult set and yveidls (134). The long term effects of
girdling are generally deleterious largely due to effects oflincreased

cropping (294).

IIT THE EFFECT OF THE CROP

The presence of fruit on the tree strongly influences flowering
behaviour (69,233) and in many species and cultivars, often results in the
familiar pattern of biennial bearing (69). Thinning of the blossom or
early thinning of a substantial part of the crop have helpad minimise
biennial bearing (69,70,141,235,236}, as have growth regulators (see
section on growth regqulators, above), and judicial pruning to maximise
the leaf:fruit ratic (137). '

Biennial bearing has been explained solely in terms of carbohydrate
reserves (161,236), but this theory is incomplete as carbohydrate
reserves do not always follow crop levels (189). It is now accepted that
the problem is largely homonal in nature (57,99,197,220) as the crop,
particularly the seeds, are rich in growth substances (64).

IV  THE EFFECT OF CGRAVITY

It has long been claimed that the horizontal training of fruit trees
checks vegetative growth and promotes flowering (1106,129,298). However,
there is evidence in the apple to the contrary (162,194). Further, in the
grape (201,204} and apricot (210), vertical growth tended to enhance
flower formation.

It therefore seems that the effect of gravity is at least partly
species dependent, and by the conflicting reports, especially on the
apple, is possibly also cultivar dependant.



Chapter 2

MATERTAL AND METHODS

A. INTRODUCTTION

Little has been presented in the literature on the development of
flowers of the Chinese gooseberry, or on factors which may influence this
process. Accordingly information was sought, on 3 aspects: The morphology
of flower developrent; flower distribution on different vines; as well as
the effect of various environmental factors on flower development.

Experimental work on the physiology of flowering and fruiting in
woody plants is often made difficult by the size of mature fruit trees and
vines. A way of overcoming some of the difficulties inherent in research
with woody plants has been to use small test plants; that is, plants with
essentially the same flowering and fruiting characteristics as field grown
fruit trees or vines, but which are more easily handled in the glasshouse
or growth room {9,11,47,107,185,224,285). A method, devised by Davison
{72) using dormant hardwood cuttings to investigate the physiology of
- flowering in Chinese gooseberry was used and is described.

As well as cuttings, field grown vines were also used for investigations

of factors influencing flowering.

B. EXPERTMENTAT, PIOTS AND SAMPLING TECHNIQUES

I EXPERTMENTAL PLANTINGS

Experimental vines were selected from a commercial orchard growing at
Kume, Auckland. The planting consisted of mature vines on seedling root-
stocks and trained along 3-wire fences orientated in a north-south
direction. The block was mainly the Hayward cultivar (35 vines), as well
as lesser nmumbers of Bruno (7 vines), an unknown cultivar, possibly Abbott
(14 vines), and 14 unnamed staminate vines. From the overall growth
habits, it was established that the staminate vines consisted of clones
and one, consisting of five vines, was selected for cbservaticnal studies,
This was tentatively named Alpha {see Ch.6). Studies were also carried
out on the Hayward cultivar,

The D.S.I.R. Fruit Station at Oratia, Auckland was alsc used as a
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source of Monty wood as well as for the flower distribution studies on the
named pistillate and staminate cultivars. The Chinese gooseberry block,
established in the 1950's, is a collection of named camercial cultivars
(227). All the main pistillate and staminate cultivars are present, and

are trained along single, or 3-wire fences.

IT SAMPLING TECHNIQUES AND PARAMETERS RECORDED

(a) Flower developmental studies (1971)

Samples were cbtained from Hayward and Alpha growing at Kumeu. From
mid August (15/8/71), sampling was carried out at weekly intervals until
close to full bloam, except for the period avound bud burst when flower
development was rapid and sampling was reduced to 5 day intervals.

For each cultivar at each sample date, about 5 laterals, chosen at
randam, were cut just past the second node from the last fruiting stalk.
Taterals were approximately 6-8 nodes long for Hayward, and 13-20 nodes
long for Alpha. In early September (10/9/71), approximately 80 comparable,
potentially fruiting laterals, per cultivar were tagged for later sampling.
Prior to bud burst, buds at nodes 3, 5, and 7 for Hayward, and nodes 5, 9,
and 13 for Alpha were dissected under the binocular microscope.

It became apparent around bud burst that some of the buds selected
. for recording would remain dormant and if included in averages would not
give a true indication of the state of bud development. Accordingly,
additional comparable bursting buds (shoots) on the selected laterals were
tagged for later sampling. To ensure enough buds (shoots) for later
sarmplings, extra shoots at a gimilar stage on neighbouring laterals, were
also tagged. From bud burst onward, approximately 14 buds (later shoots)
from between 5-7 laterals chosen at random from the orchard, were obtained
at each sampling date; 10 buds (shoots), chosen at random, were dissected
and recorded.

For each treatment and sanple date the following parameters were
recorded: The mmber, size and character of each leaf or leaf primordium,
the direction of the phyllotactic helix, the length and basal diameter of
the shoot, and the type, stage and dimensions of each axillary structure.

(b} Field experimental studies (1971)

A nurber of treatments, graphically set out below, were applied to
Hayward shoots on laterals comparable to those used in the flower develcop-
ment study. A number of defoliation, shading and tipping treatments were
applied prior to bloom (I,II,III,IV). All treatments were sampled close
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to bloom (B) but some were subsampled earlier, approximately 30 days after
bud durst (dabb.) (a). ‘

50% and 100% Shade

. A{2% dabb.) B(54 dabb.)
I 1 dabb.
iT 15 dabb.
IIT 22 dabb.
50% and 100% Defoliation
e AL dabb) _B(54 dabb.)
I prior i___ :
IT 16 dabb.
ITT 17 dabb.
v 24 dabb.
Tipping
A(32 dabb.) B(59 dabb.)
I 12 éabb.
II 19 dabb.
ITY 26 dabb.

Laterals were 8-10 nodes long and the basal 2 nodes were not treated.
Ten to 15 shoots (replicates) from 5-8 laterals chosen at random were
planned for each sample. Two treaitments were applied on each lateral to
minimise the guantity of wood removed: All shading treatments were applied
on the terminal portion (approximately nodes 6-10) and defoliation and
tipping treatments on the basal portion (approximately nodes 3-6) of each
lateral.

Prior to bud burst (11/9/71), 200 laterals were tagged and tied to the

horizontal +o maximise bud burst.

Defoliation

Shoots (buds) were continucusly defoliated. Defoliation prior to bud
burst entailed the removal of the outer 10 scales and leaf primordia.
Using a palr of secateurs the corky protection around the bud was removed,
and using the thumbnail and forefinger, the outer scales and leaf primordia
were cleanly broken away. Using 10 xs eye piece, any of the 10 outer leaf
primordia remaining were amputated with a scalpel. The operation was

carried out on an overcast day and the whole bud was covered with grease o
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prevent drying out.
The post bud burst defoliation treatments involved either removing all
the leaf lamina (complete or 100%) or the distal half (partial or 50%) of

each leaf up to the terminal bud commencing on the appropriate date. Once
shoots had been defoliated, new leaves that developed were similarly treated

twice a week until they were to be sampled.

Shading

Bags, either 25 x 50 am. (for sample A) or 30 x 70 cun. {(for sample B)
were made fram single layers of plastic meshing of 40-44% absorbance (light
or 50% shade) or black Italian cloth of 9%% absorbance (heavy or 100% shade)
as measured spectrophotometrically at 200-700 millimicron wavelengths, Bags
were fitted at the appropriate time over the terminal portion of the
selected laterals by pinning and taping the open side to the lateral and
were supported by means of wires attached to either bamboo poles, one of the
training wires, or to other laterals (Fig.26) so as to prevent the enclosed

sheoots from being damaged.

Tipping
Tipping involved the removal of the apical one centimeter of the shoot,
which included only the tightly folded apical bud.

A more extensive experiment was planned for each treatment but had to
be modified because bud burst was extremely poor and uneven. Because of
the variability, all buds on selected laterals were indexed around bud
burst and, on the basis of evenness were tagged for later sampling. As the
mmber of suitable shoots per lateral was lower than required, comparable
shoots from neighbouring laterals were also tagged at this stage for later
use.

On sampling (removing the treated shoots from the laterals) shoots
were stored in polythene bags at 4% until they were recorded. For each
treatment and sample date, the same parameters (where applicable) used for
the flower development study, were recorded. 2as well, for all defoliating
treatments, the number of leaves removed on each date (twice weekly after

the treatments comumenced) were recorded.

{c) Single node hardwood cutting studies

(1) Tipping, shading and defoliating treatments (1971)

Approximately 100 potentially fruiting laterals, taken on September
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14th, from Hayward vines grown at Kumeu were used to make 160 uniform
single node cuttings. Each cutting was about 15 cm. long. The top was
cleanly cut approximately 2 cm. above the bud and covered with grease to
prevent drying out. Any lower buds which were present were amputated with
a scalpel and the wound covered with grease. The cuttings were stored at
4°¢ overnight. Cuttings were removed from the cooler the following day,
the hase angle cut and placed in test tube racks sitting in trays of half-
strength Hoagland's solution to a depth of 5 an. in an wnheated, unshaded
glasshouse (Fig.25). To prevent the growth of algae in the light exposed
trays, black polythene sheeting was laid over the lower rung of the test
tube rack just above the surface of the liquid with the cuttings inserted
through the polythene into the solution. The Hoagland's solution was
changed twice a week.

A number of treatments (plus controls) listed below were applied to
the resulting shoots. Ten replicates (cuttings) were used for each
treatment.

The treatments were:

{i} 50% continuous defoliation starting 5 dabb.
{ii) " " " " I "

{iii) 100% " " " prior to bb.
(iv) " " " " 5 dabb.

(v) " " " " HEO T

{(vi) 50% continucus shade starting prior to bb.
(vii) 100% 11 1t it 113 1t 113

(viii) Tipping at 5 dabb.

(ix) weoowogom
(x) S R
(xi) S
(xii) AL VA

Except for the 50% and 100% shading treatments, the 10 racks contained
cne cutting of each treatment distributed at randocm. The 50% and 100%
shading treatments, of necessity, were in separate racks; the fourer in a
wire cage covered with the same plastic meshing as used in the field, the
latter under an inverted cardboard box covered with black polythene placed
under the glasshouse bench.

Data was recorded from the controls at 5, 7, and 20 dabb., and all
treatments, including the controls, were destructively sampled at the first
signs of the buds withering (approximately 25 dabb.}. Apart fram the
shading treatments, operations were generally similtar to those carried cut
in the field. The pre-bud burst defoliation was executed under a binocular
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miscroscope using a scalpel. Once commenced, all later defoliations were
treated every second day until they were to be sampled.

For the non destructive recordings carried out on the controls at days
5, 7, and 20 after bud burst, the number and dimensions of the open leaves,
and the length of the shoot were recorded. For the destructive sample at
approximately 25 dabb., the same parameters used for the fieid treatments

were recorded on each treatment as well as the controls.

(11} Chilling treatments {1972)

A preliminary study on single node cuttings (from Monty vines),
prepared as previously described but, taken in mid April (12/4/72, 2 months
before leaf fall) and placed in continucus light at 25OC, showed that it was
possible to force them into growth. On that finding, an experiment was
devised to test the effect of chilling on flower bud growth and development
at different sample dates.

Four chilling treatments (10, 20, 30 and 40 days at 4OC) plus control
were planned for every 21 days conmencing early May (2/5/72) using the
cultivars Hayward and Alpha from Kumeu, and Monty from Oratia.

All sample dates for Monty were seven days later (commenced 9/5/72)
than for Hayward and Alpha. At this time leaf fall had not yet cccurred.
Five cuttings per treatment were used, ie. on each date 25 cuttings per
- cultivar were prepared from potentially fruiting laterals. Fach treatment
was placed in separate beakers containing distilled water and stored at 1°c
(in a polythene bag to prevent desiccation) for their allotted time and
then placed in a 25%¢ growth room under continuous light.

After the third sample date it was noted from earlier records that it
would be advantageous to include a 50 day chilling treatment. However, it
was not possible to implement 5 chilling treatments (A, B, €, D, E) until
sample date 4, as previous samples had been collected. By that stage, the
40 day chilling treatment for sample date 1 had already been carried out,
but for sample dates 2 and 3, the assigned 40 day chilling treatments were
transferred to the 50 day treatments, ile. treatments 1E, 2D, and 3D were
amitted.

Sample dates (1~7) continued until just prior to bud burst (last
sanple date 5/9/72 for Hayward and Alpha and 12/9/72 for Monty).

For each cultivar, sample date and treatnent, the nurber of days when
half the replicates reached the stacge of bud burst (Fig.3), the parcentage
of buds that burst, and the character and dimensions of the structure in

each reproductive axil were recorded.
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(d) Flower distribution survey (1971)

An attempt to quantify differences in flowering characteristics of
the staminate vines at Kumeu was made on the basis of their flower
distribution characteristics. As well as comparing these vines with each
other, they were also corpared with the only two named staminate cultivars
which were growing at Oratia.

On the same basis, a comparison was also made between the important
commercial pistillate cultivars. All pistillate cultivars chosen for this
survey were growing at Oratia. These cbservations were carried out during
the blossom period {late November) 1971l. For each vine, the number of
flowers in each flowering axil per shoot were recorded, as was the ratio of
the burst shoots to the total nurber of nodes for each lateral. Also, the
rate of flower opening for the staminate vines were compared with the
Hayward cultivar growing at Kumeu.

The percentage bud burst parameter gave an indication of the muber of
fiowers per vine, and was based upon the assumption that all shoots along
a lateral were fruitful, and to the same extent. BAnalysis of this on the
Hayward cultivar (Table 2}, as well as cbservations showed this to be the
case, except in two situvations. Reduced or non-fruitful shoots arise when
bud burst occurs at a time later than the normal spring burst (Fig.14), and
when shoots arise from basal axillary buds along a lateral (Fig.15), or
" from adventitious buds on the stem or trunk (water shoots). These were not
included in the data and hereafter, percentage bud burst per lateral refers
only to fruitful shoots.

2s the amount of wood furnishing each vine varied it was not always
possible to have the same number of shoots cor laterals (replicates) per
vine. Further, it was not possible to have the same number of vines per

cultivar.

IIT TERMINOLOGY

The following terminology, relating to the flowering characteristics
of the Chinese gooseberry will be used throughout this thesis.

A 'shoot' is present during 3 seasons. In the first season, when
enclosed in the bud, it is termed a bud; in its second season, when it
extends and matures, it is termed a shoot; and in its third, when it now
carries fruiting shoots, it is termed a lateral.

Buds (or shoots) at nodes on laterals are numbered acropetally,
comrencing from the node immediately past the most distal flowering axil.

Axils on shoots are nurbered acropetally comrencing from the lowest
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{outermost) bud scale.

The Chinese gooseberry inflorescence is potentially a compound
dichasium and 20, 30, or 4° laterals are used to characterise the order of
lateral flowers present (see Fig,17).

'BPud burst' is that stage of early shoot development when the shoot
(which is still enclosed within the outer bud scales) emarges from the
corky tissue that surrounds the bud. For descriptions of stages of early
shoot development see Fig. 3.

The term ‘days after bud burst' occurs repeatedly and has been
abbreviated to dabb.



Chapter 3

THE COURSE OF FPLOWER AND SHOOT DREVELOPMENT

A.  INTRODUCTICN

Little has been recorded on the development of floral buds in Actinidia
species apart from the report on inflorescence development in a. kolomikta
by Kolbasina (171).

In the present report, development of the flower buds of Chinese
gooseberry for one growing seaon (1971/72) is described. The main comrercial
cultivar Hayward, as well ag the staminate clone Alpha, koth growing at
Kumeu, were used for this study.

At the same times, details of the correlated vegetative development are
noted and these will be described first.

In this account the development of the new bud on a current seasons'
shoot up to the winter rest period is described. Subsequently the bud
burst and shoot growth in the following spring is detailed, as is the

development of its axillary flowers,

B. EXPERIMENTAL OBSERVATIONS AND RESULTS

I BUD GROWTH

(a} Bud develcpment

Chinese gooseberry buds are mixed buds, that is, both leaves and
flowers develop from the same bud. Buds generally form on a current shoot
in the axils of the leaves distal to the last flowering axil.

Leaf primordia first began to initiate in the lowest leaf axil {(node 1)
at the time of bud burst (Fig.la) of the current flowering shoot. The
production of leaf primordia was rapid, the plastochrone in the phase to
full bloom being approximately 4 days. Characteristic lanate hailrs
densely coat the outer (lower) bud scales and leaf primordia soon after
their initiation. Ieaf primordia in the second node (distal to the last
flowering axil) were initiated approximately 3 days after node 1 and

generally contained one fewer leaf primordia at each sample date (Fig.la).



Fig.l
Munber of leaf primardia in the new bud of Hayward and Alpha.
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By full bloom, approximately 13 leaf primordia for Hayward (10/11/71), and
14 for Alpha (18/11/71) were present (Fig.la). By this time also, the
outer (lower) primordia had becanre scale-like in size and shape, but had
not becane suberised. Leaf primordia continued to be produced rapidly
mntil mid summer when production virtually ceased. By the end of January
(24/1/72}, 19 leaf primordia were present in Hayward buds, and the 3

lower (or cuter) leaf primordia had become buds scales (Fig.lb). Through=
cut late summer further bud scales were formed.

In the axils of the newly formed cuter bud scales and leaf primordia
of the new bud, further buds, temmed basal buds, were initiated. These
were first initiated in early Novenber, approximately 40 days after bud
burst (Fig.la). For Hayward, this occourred when 10 leaves and leaf
primordia had been initiated in the new bud, and for Alpha when 12
leaves or leaf primordia had been initiated.

Basal buds cccurred in up to 5 {(Hayward), or 3 {Alpha) axils on a
shoot and, by full bloom basal buds themselves contained 3 (Hayward) or 2
(Aipha) leaf primordia. Development of these buds continued slowly over
the summer. As well as the basal buds in the ocuter (lower) axils of the
developing bud, further meristems developed in the inner axils., These
neristems increased in size throughout the season but remained uninitiated
(Fig.11).

(b} The winter bud

By winter, the bud contained wp to 22 leaf formations {average 19 for
Hayward, and 18 for Alpha) inserted in a spiral sequence. In Hayward, these
consist of 3 - 4 hud scales, 2 - 3 transition leaf (semi-scale semi-leaf)
and approximately 15 leaf primordia. In Alpha, these consist of 2 ~ 4 bud
scales, 2 - 4 transition leaves and approximately 15 leaf primordia (Fig.2).
The actual nurbers of each leaf type depended upon the position of the bud
on the lateral. Buds that were further along the lateral had fewer bud
scales and transition leaves. Approximate dimensions of bud scales,
transition leaves and oldest leaf primordia were 4.3 x 2.1 mm., 2.8 x 1.7
mn., and 2.0 x 2.0 mn,, respectively. Dense lanate hair coated the outer
bud scales up to the leaf primordium at approximately axil 11. In Alpha,
these hairs characteristically protruded beyond the apical oriface of the
corkly tissue enclosing the bud (Fig.3). Veins were also visible on leaf
primordia bearing lanate hairs. From approwimately axil 12 to the apex,
leaf primordia lacked lenate hairs and showed no veins. The outer two bud
scales in both Hayward and Alpha were attached to the side wall of the



Fig.2

leaf primordia dissected from the winter buds of Hayward and Alpha

A Hayward, leaf primordia 1 - 16
B Alpha, leaf primordia 1 - 16
C Hayward, detailed

(a) bud scale

(b) transition leaf
{c} unfurled leaf
{(d}) unfurled leaf
{e) leaf primordium
{f) leaf primcrdium
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corky covering which almost campletely surrounds the bud, and arose away
from the main central axis. These cuter two bud scales were almost
opposiie each other and were always positicned in a plane at right angles
to the lateral. The diameter of the winter bud, enclosed in the swollen
base of the petiole, was up to 8.5 mm. _

Basal bud development, which continued over the growing season in the
outer axils of the new bud, was more advanced in Bayward than in Alpha.
There were more axils containing such buds in Hayward, and each basal
bud contained more leaf primordia. The outer (lower) two axils contained,
on the average, 9 and 6 leaf primordia re5pectively'in Hayward (Fig.24),
and about 3 and 1 leaf primordia in Alpha. By winter, the outer leaf
primordia of the basal buds in the cuter two axils were suberised and had
lanate hairs on their outer suwrface similar to the leaf primordia of the
current years' bud.

In the winter bud, apart from the basal buds in the outer 2 - 3 axils
of both Hayward and Alpha, the axillary meristematic areas in the inner
(higher) axils remain uninitiated (Fig.24). These uninitiated meristematic
domes varied in size; increasing from 3.0 x 1.5 mm,, at axil 5 to a maximum
of 4.0 x 2.0 mm., at axil 8, and then decreasing gradually to axil 12 where
the domes were no longer visible, These meristematic domes were also a
lighter colour than the predominately translucent green of the surrounding

tissues.

IT VEGETATIVE GROWTH

{(a) Bud burst

The first indication of renewed growth of the winter bud was evident in
late September at bud movement. 'Bud swell' in Alpha was approximately 5
days ahead of Hayward (25/9/771). Bud burst was estimated to have taken
place 5 - 6 days after bud swell (Alpha 25/9/71, Hayward 1/10/71) and,
after a lag of 10 days, the leaves unmfurled ('open cluster'). (For
descriptions and times of early shoot developmental stages recognised,
see Fig.3). Later shoot develcpment stages were identified by the mmber
of days after bud burst (dabb.).

Particularly noticeable in Hayward was the large proportion of buds
which failed to burst; only approximately 46% developed into shoots
(see Ch.6). On the other hand, 57% of Alpha buds developed into shoots.
Bud burst in Alpha extended over approximately 5 -~ 7 days, but in Hayward
was straggly and extended over approximately 10 - 15 days. Cbhservations



Fig.3

Shoot bud development, from the 'dormant' stage to the 'advanced
open cluster' stage.

A Hayward (Pistillate)
B Alpha (Staminate)
d dormant

l‘as bud swell

abs advanced bud swell

bb bud burst






Fig. 3

Shoot bud development, from the 'dormant’ stage to the 'advanced
open cluster' stage.

A Hayward (Pistillate)
B Alpha (Staminate)

abb advanced bud burst
oc open cluster

aoc advanced open cluster
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indicated that there was a lower percentage bud burst on long laterals
than on short laterals. The chances of development of a bud were also
governed by its position on the lateral. Buds positioned on the under—
side of the lateral rarely burst or if they did, they did not develop
further. '

{b} Shoot development

(1) Extension growth

From the time the leaves unfurled from the bud development of the
growing shoot was rapid. From 'advanced open cluster' (15 dabb.), mean
shoot length (of 10 shoots) increased rapidly to a length of 15 - 20 am.,
at approximately 20 dabb. (Fig.4). From this time however, some shoots
terminated their extension growth following apical bud desiccation and
abscission (Fig.6). The reason for this determinate type of growth is not
knowm as all shoots chosen were in similar positicons on the lateral and
at similar stages of development when they were tagged at bud burst.
Non—determinate shoots reached a length of 40 — 50 am., by full bloom
and deteiminate shoots an average length of about 20 am. (Fig.d}.

General cbservation indicated that Alpha produced a much greater
proportion of vigorous non-determinate shoots throughout the growing
season than other cultivars. Hayward shoots on the other hand are
characteristically less vigorous than those on other cultivars.

The lack of terminal bud formation was also observed. On termination
of extension growth the apical bud only, or the terminal portion of the

shoot desiccates and abscisses (Fig.16).

{ii}) Thickening growth

Over the pericd to full bloom, the diameter at the base of the growing
shoot increased to about 7 mm. {(Fig.b). By winter the basal diameter of
the shoot (lateral) reached 8 - 10 mm.

(¢} Ieaf development

(i) Heteroblastic changes

The Chinese gooseberry displays heteroblastic changes in the morphology
of leaves along a shoot. Differences in size and shape were noticeable
in the winter bud (Fig.2), but becams even more apparent after bud burst
when the leaves expanded (Fig.7).
Ieaf size and shape: All leaves remained simp;e. There was a character-—

istic pattern of leaf expansion for each axil. The lower or outer leaves
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Nan~determinate and determinate shoot growth in Hayward and Alpha.
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Fig.6

Non—determinate and determinate shoots of Hayward (38 dabb.) and
Alpha (47 dabb.).

A Non-determinate shoot growth
B Determinate shoot growth






Fig.?

Heteroblastic leaf develcpment in Hayward and Alpha.

A Alpha ('advanced open cluster' stage),
developing leaves 5 — 12

B Hayward ('advanced open cluster' stage),
developing leaves 2 — 12
C Hayward (full blcoom stage)

top row determinate shoot, leaves
5,7,8 and most distal

bottom row non-determinate shoot, leaves
5,7,8,12,313,14
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{bud scales and outer transition leaves) made only limited growth and
abscissed scon after bud burst. From the inner (lower) transition leaves
(axil 4) to approximately leaf 9, there was an increase in the actual size
of each leaf (Figs. 7 and 8). Size was generally maintained for all
subsequent fully expanded leaves, except on determinate shoots where there
was a rapid decrease in size over the last 2 - 3 leaves (see determinate
shoot, Hayward, Figs. 6 and 7).

The smaller leaves at the lower (outer) axils were approximately
4.0 x 2.5 cm., {see Fig.6 on determinate and non-determinate shoots of
Hayward). The leaf breadth measurement at different dates gave an
indication of the growth rate of individual leaves along the shoot (Fig.8).
Figure 8 shows that, except for the smaller leaves at the lower axils,
there was a rapid increase in size for approximately 30 days, then the
growth rate slowed until the ultimate size (approximately 12.0 x 13.5 om.,
in both Hayward and Alpha) was reached. The length:breadth ratio (shape)
followed the same pattern as for leaf size (Fig.7). Trom the outer bud
scales the length:breadth ratic decreased from 2:1 to just under 1:1 at
approximately leaf 8 where it was maintained unless growth terminated.
When growth terminated, the ratio rapidly increased to 3:2, corresponding
with the decrease in the ultimate size of the leaf.

Mature leaves along the shoot showed the following specific changes
in shape.
leaf apices: A gradual change from emarginate (transition leaves}, to
retuse (leaves 8 — 10), to apiculate (from approximately leaf 11 on}.
Leaf bases: A less gradual change from attentuate (inner transition leaves),
to cordate (higher leaves).

leaf margins: Became denticulate, although the inner transition leaves

might be entire.
lLeaf and peticle surfaces: 2As described previously, lanate hairs covered

the backs of leaves in the winter bud and the young developing shoot. On
maturing leaves, the lower surfaces became covered with stellate hairs.
The upper surface developed bristles which were limited to the main midrib
and the later veins. The petiole and stem became also covered with

bristles,

(ii) ILeaf production

Following a lag of approximately 5 -~ 10 days after bud burst, there
was sudden rise in the nuber of opening leaves. The same rate of opening
continued for the next 15 days (Fig.10). Fram approximately 20 dabb., the
rate was lower but steady until the termination of shoot growth.
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Fig.l1l0

Rate of leaf opening up to bloom in Hayward and Alpha.
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For extending shoots in both Hayward and Alpha, there were always
approximately 14 leaf primordia in the apical bud.

(@) Interncde development

The interncde lengths along a shoot were shown to be closely related
to the size of the leaf (see Fig.9). Internodes expanded as leaves matured
but remained small between leaves that made only limited growth ie., there
was a pattem along the shoot. Internodes at the base were very short, and
rapidly lengthened to approximately axil 8, and remained constant, unless
the size of the leaf was reduced (determinate shoot) when the interncde

very rapidly shortened.

(e) Basal bud development

(i) Mumber of basal buds

By bud burst, it became possible to identify the nature of the meristem
in each leaf axil. Prior to bud burst, only the ocuter 2 - 3 axils had
produced distinguishable structures (basal huds), the rest remained
uninitiated (see Fig.24). Basal buds could occupy up to 5, but usually 4,
cuter leaf axils in Hayward, and up to 4, but usually 2 axils in Alpha.

The actual mmber of basal buds per shoot, like the number of bud scales
and transition leaves, depended on the position of the shoot on the
lateral {Table 1). Results on fruiting laterals of Hayward showed that
the number of basal buds per shoot decreased significantly, from a mean
4.2 at node 1, to 2.8 at node 8.

{(ii) Post bud burst development

Basal buds, produced in the lower axils during the previous season,
continmued to develop slowly during growth of the current shoot. While no
more leaf primordia were initiated in the lower axils, the uwpper (or inner)
axil basal buds continued to initiate leaf primordia. By full bloom, these
basal bud axils had wp to 5 leaf primprdia. These uppsr (inner) basal buds
remained hairless. By full bloom also, the outer scale leaves, of the
lower {outer) basal buds themselves had axillary meristems, but they
remained uninitiated.

Basal buds do not usually length unless stimulated, as eqg., by
damaging of the shoot or the hard pruning of a lateral (Fig.l5).



Table 1

The effect of nodal position along a lateral on the
number of basal bud axils per shoot in Hayword

Nede Mean Signif.
1 4,2 . A*
2 4.3 AB
3 3.7 ABC
4 3.6 . ABC
5 3.6 ABC
6 3.5 . ABC
7 3.4 ABC
8 2.9 B C

- 9-17 3.1 C

Analysis of variance, multiple comparison
of vines by Tukey's methcd.,
Mean of 11 shoots, chosen at random {rom

tagged shoots used for flower development'
studies.

* Values with no letter in comon are
significantly different at the 1% level.
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ITIT REPRODUCTIVE GROWTH

(a) Tlower bud develogrent

(1) The course of terminal bud development

A11 potentially reproductive meristems in the leaf axils were still at
the uninitiated stage in early September (Fig.ll, Stage 1). The first
discemible changes in the reproductive meristems (in the leaf axils
immediately above those containing basal buds) occurred just prior to bud
movement in the spring.

There was a rapid increase in volume of the meristematic region
(Fig.1l, Stage 2). In Hayward, this occurred around September 20th, and
in Alpha, 10 days earlier. From Stage 2 on, development was rapid, and
parts appeared in an acropetal order at successive higher levels. Within
5 days, a pair of protuberances appeared at the base of the primordium
(Stage 3) which usually later formed into bracts and the subtending
lateral flowers. Bracts and the associated lateral primordia were not
always present however at that stage.

The sepals primordia, the first primordia to appear on the floral
meristem, arose as a shorl of 5 — 7 papillae on the side of the meristematic
dome (Stage 4). This stage was reached (in both Hayward and Alpha) when
shoot buds were at the ' advanced swell' stage. BAs the sepal tips met
over the top of the developing bud they changed from a translucent white
to an cpaque light green colour and became densely covered with deep
red hirsute hairs.

Within 5 days after bud burst, petals were initiated between, and
inner to the sepals bases just before the sepals met to enclose the
structure (Stage 5).

Stamen initials appeared almost immediately after petal initiation
as two whorls in Hayward, and as three whorls in Alpha (Stage 6). The
whorls were initiated in rapid succession (the outer whorl first), and
was conpleted by the '"advanced bud burst' stage.

At the time of stamen initiation of the terminal flower, the sepal
whorl was being initiated on lateral flower primordia.

As the petals curved inwards and the tips interlaced and turned light
green, the stioma was initiated as a convoluted whorl around the periphery
of the apical dane (Stage 7). This occurred as the leaves were unfurling
from the shoot bud ('open cluster'), some 10 dabb. By this stage also,
the developing lateral flowers had initiated their petal whorl.

The stigmal convolutions became deeper and longer and it was not until



Fig.11l
Flower bud development stages in Hayward and Alpha

H Hayward (Pistillate)
A Alpha (Staminate)
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this stage that differences between the pistillate Hayward and staminate
Alpha became apparent.

In the pistillate cultivar Hayward, the stigmal whorl rose forming
a gynoecial plateau above the developing stamens (Stage 8).

The outer region of the gynoecial area contimied to rise at a faster
rate than the central portion, leaving that portion of the gynoecium to
appear depressed. As that occurred, the stigmal lobes lengthened and the
superior ovary formed in the central colunn beneath the stigmal whorl.
This occurred approximately 18 dabb., and expansion of the ovary continued
steadily to full bloom (Fig.20).

Stamens expanded slowly from their inception, and differentiated into
anthers and filaments approximately 35 dabb., but the filaments remained
short. By the time the loculi were first discernible in the ovary (45
dabk.), the anther heads had developed into the characteristic two lobed,
four loculed structure, and pollen grains formed therein shortly after.

By this time, sericeous hairs covered the ovary wall, the short style and
the central portion of the stigma. Shortly after the locull were first
discernible, the ovules were initiated in the multilocular ovary (Stage 9).
As a result of further flower development and expansion the sepals, which
had previously completely encased the flower bud, began to separate to
reveal the petals.

Shortly after the petals became externally visible, the stigmal lcbes
separated from each other and the distal upper surfaces became sticky.

At this time also, separated pollen grains were cbserved in the anther
heads, and the stamen filaments ewpandsd rapidly, especially over the last
five days before bloam. -

The full bloom stage {Stage 10) in Alpha occurred 54 dabb., (18/11/71)
and in Hayward, 59 dabb., {(30/11/71). The bloom period extended over
5 - 7 days in Hayward and 10 -~ 15 days in Alpha {(see also Ch.6).

The final secuence of flower bud develcpment in Hayward was arbitarily
classified into a nunker of stages (I - VI), based on the external
morphology of the bud (Fig.12). Commencing when the petals were first
externally visible, these external developmental stages were compared with
the growth of the various flower parts (Table 3). From stages IT - IV
development was steady, taking approximately 10 days. The final 2 stages
(V= VI) to full bloom however were rapld and occurred within 36 hours,
depending on the weather.

Early flower hud development in the staminate clone Alpha was similar

to that in the pistillate cultivar Hayward. Differences in the courss of



Fig.12
Late flower bud development ('split calyx' stage to full bloom), Hayward.






48

flower bud development in Alpha however, became apparent from the time
the stigmal whorl was initiated (Stage 7).

Although the stigmal whorl was actually initiated in Alpha and the
lobes lengthened slightly and even widened at their proximal ends (Stage 8),
further gynoacial development was strictly limited. The gynoecial structure
in staminate flowers did not expand and become elevated above the plane
of the stamens as in the pistillate flower. Instead, the gynoecial
structure appeared to consist only of vestigial stigmal lobes {(Stage 8).

By this stage (26 dabb,), the stamens had differentiated into anthers and
filaments and by 35 dabb., the anthers had developed into the 2 lobed,
4 loculed structure, similar to anthers in pistillate flowers.

Pollen grains were first seen formed in the anthers shortly after
locular formation. By that time, the anthers had almost coampletely covered
the gynoecium {Stage 9). FExternal flower development was similar to
Hayward although petals were visible beneath the parted sepals earlier,
some 18 days before blecom. The filaments of the stamen lengthened rapidly
approximately 5 days prior to blocm, at the time the flower bud was rapidly
wnfurling (Stage 10).

{ii) Aborted (aberrant) flower bud development

It became apparent, soon after flower initiation (just prior to bud
movenent), that flower primordial development in sane axils, (in both
pistillate and staminate flowers) was abnormal.

While some of these aberrant structures ceased growth at various stages
wp to bloom, most made only limited development. Such aberrant development
could be predicted at the uninitiated primordial stage. Instead of the
normally symetrically swollen floral primordia (Stage 1), a variety of
uninitiated primordial shapes were later shown to cease development (Fig.l3a
upper line, also Fig.24 axil 4}. By the time nommal flower buds had
reached Stage 5 (5 dabb.), the aberrant structures ceased growth, without
having initiated petals (Fig.l3a, lover line).

Where development ceased at stages well after the imrediate post
initiation period, development prior to their cessation of growth appeared
o be normal. Such late aborting buds usually abscissed when their growth
stopped, but those eberrant structures which made only limited early growth
persisted to full bloom.

In both Hayward and Alpha, most of the aberrant structures were found
in the lowest reproductive axils. The frequency of such structures in
Hayward was noticeably greater than in Alpha (Fig.19b). In Hayward

structures in up to 3 reproductive axils were aberrant, whereas in Alpha



Fig.13
Abnormal flower develcopment.

(a) Bberrant flower bud develcpment,
Hayward and Alpha

top line uninitiated state

lower line maximum development
(b) TFasciated fruit, Hayward

{(¢) Fasciated fruit, Hayward
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aberrant structures occupied on the average fewer than 1 axil. Further,

Ly full bloom, the nutber of structures, which aborted at stages well after
flower initiation (late abortions) were almost nil in Alpha, but in
Hayward made up to 50% of the total aborted axils.

Although the primordia in the lower reproductive éxils normally cease
developmznt or abort, a low frequency (less than 1%) of such primordia
develop, bloom (Fig.13b) and set fruit (Fig.13c). These were character-
istically fasciated due to the checking of development of the terminal
flower bud with a fusing of flowers. In some cases, these fasciated
fruit appear to be formed by the fusion of more than 3 flowers suggesting
that Hayward, like Alpha is capable of initiating tertiary (30) lateral
flower buds (Fig.l1l7).

Envirommental factors apparently influence this phencmenon as the
frequency of these faciations is greater in some seasons than others.

It was also observed that the few buds which were stimulated into
growth much later than normal did not carry flower buds (Fig.14). It was
not determined whether aberrant reproductive sltructures were present in

axils on those shoots.

(iii) Tateral flower bud development

The pattermn of lateral flower bud formation was similar to that of
terminal flower buds, but at all stages, develcopment lagged behind that of
the terminal flower bud.

In both Hayward and Alpha, the sepal primordia of secondary lateral
flowers (see Fig.l1l7) were initiated when the stamen whorl was forming in
the terminal flower. However in Hayward, virtually all of these lateral
flower buds ceased development before the stage of petal initiation.
Secondary lateral flower buds in Hayward however occasionally develop and
bloom (Fig.18). In some pistillate cultivars and in most staminate vines
this development is characteristic (see Ch.6},

Tertiary flowers were initiated (see Fig.l7) in Alpha, but not in
Hayward. 'The delay in initiation of tertiary lateral flowers in Alpha
was not as great as the delay in the initiation of secondary lateral
flowers, and occurred when the secondary flower buds had initiated their
petals and the terminal flower bud was at Stage 8.

Although relative development was more rapid in the lateral flowers,

lateral flowers always bloomed after the terminal flower (Fig.l18).



Fig.14

Tate shoot development, Hayward.

Fig.15

Stimulation of a basal bud into growth in Hayward.

Fig.l6
The terminal portion of a dommant Hayward shoot (lateral).
A Determinate shoot

B Non~determinate shoot






Fig.17

Diagramatic representation of a Chinese gooseberry inflorescence
(compound dichasiwm) .

Fig.18
Lateral flower bud development, Hayward.



Terminal
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(b)Y Flower distrubtion

(i) Number of reproductive axils per shoot
" along a lateral

Although basal buds developed in the outer leaf primordia (bud scales)
of the winter bud, the fate of the primordia in the axils of the inner
(lower) leaf primordia could not be determined until initiation commenced,
at bud movement in the spring,

By bud burst, it became apparent that the reproductive region on a
shoot was between the most distal axil with a basal bud and the lowest axil
containing the new bud. The exact position of this region on the shoot
depended on the nunber of axils with basal buds. Although'it was shown
that in Hayward, the number of basal bud axils depended on the position of
the shoot on the lateral (Table 1), the number of reproductive axils was
found to be indepandent of such positional effects {Table 2).

{ii) Number of functional flower axils per shoot

At various stages in the course of flower bud development some flower
buds ceased growth and aborted (see earlier). In Hayward, the nunber of
flowering axils per shoot, which were still functional, decreased from
approximately 7.2 at initiation to approximately 4.5 at bloom (Fig.1%a).
In Alpha, the corresponding mmber of functional flowering axils was 8.2
at initiation and 7.7 at bloam (Fig.19b). These trends correlated with

the numbher of aborted reproductive axils.

(iii) Variation in flower bud developrent along
a shooct

From the time of initiation, there was a variation in the size of the
flower buds along a2 shoot. Prior to initiation, the size of the uninitiated
primordium seemed correlated with size of the leaf primordium subtending
it, ie., the larger outer leaf primordia generally had larger flower
primordia in their axils (F'ig.21). However once initiation had commsnced
and the flower buds grew, a different pattern emerged; the zone of
maximun size shifted to the upper reporductive axils. This was due to the
almost complete abortion of the flower structures in the lower axils at
this time. There were consistent differences in the stage of flower bud
developent in axils along a shoot right from the early initiation stage.
This could be related to both primoridal and later flower bud size. This
led ultimately to a consistent seguence of flower opening. In both
Hayward and Alpha the Coesfficient of Concordance (286) between oxrders of
opening were significant at the 1% level. With aborted axils excluded,



Table 2

The effect of nodal position along‘ a lateral on the
nuer of reproductive axils per shoot in Hayward

Node Mean Signif.
1 7.6 A%
2 7.1 A
3 7.1 A
4 7.7 A
5 7.3 A
6 7.4 A
7 6.7 A
8 7.7 A
9-17 7.0 A

Aralysis of variance, multiple comparison
of vines by Tukey's method.
Mean of 7 shoots, chosen at random from

tagged shoots used for [lower developmerdt
stlxiies_.

* Values with no letter in common are
significantly different at the 1% level.



Fig.19

The nunber of normal flowering axils per shoot,
the rumber of aborted (aberrant) flowering axils per shoot,
and the muber of reproductive axils per shoot,

(a}

Hayward

Reproductive

¥lower

Total
{+ gbarted
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aborted

60 dabb,



Fig.19

The number of narmal flowering axils per shoot,
the munber of aborted (aberrant) flowering axils per shoot,
and the nunber of reproductive axils per shoot,

Nunber {b)
~of axils - Alpha
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Fig.20

Flower bud growth at each reproductive axil along a shoot in Hayward.
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Axd 1l number

Fig.2l o
Flower bud growth per shoot in Hayward and Alpha terminal flower buds;
“Alpha 2% and 30 lateral flower buds, and the change in the Hayward
terminal flower bud breadth : width ratio with growth,

2,0
I
/
'
,"—**Hayward terminal
Alpha terminal
e WO
1.0 --==—2% Alpha
~-===239 Alpha

0 10 - 2b 30 o 50 60 dabb,



58

the order of flower opening (flower axil numbered from the base of the
shoot) was:
Hayward 4-1-2-3
. Alpha 7-6-5-2-1-4-3
Alsc noted were variations in the murbers of individual flower
components. These were generally related to the shape of the flower bud.
While such data were not reported for Alpha, in Hayward, flower buds at the
base of a shoot tended to be more oval than those further up the shoot.
The nurber of sepals and petals in normal flowers were generally
slightly greater at the base and numbers observed varied from 5 - 7 (see
Stage VI, Fig.12). The breadth:width ratic of the ovary in the buds
decreased up the shoot giving changes in ovary shape similar to trends
seen with flower buds. Where fasciated fiowers (Fig.l3a) were present
however, the bud and ovary was markedly oval with breadth:width ratios

of over 2:1 and noticeably more sepals and petals (up to 14} were present.

{c} PFlower bud growth patterns

(1) Flower bud growth

Bud breadth was used as an index of flower bud growth. For Hayward
the mean flower bud breadth per shoot increased from 0.4 mm., in its
uninitiated state in the winter bud to approximately 15.2 mm., at the
stage when the calyx split to reveal the petals (52 dabb., Fig.20). Over
that period also the breadth:width ratio for Hayward decreased from 2.1:1
to 1.1:1 {(Fig.2l). For Alpha, the mean terminal bud breadth per shoot
increased from 0.4 mm., (uninitiated) to 13.5 nmm. (47 dabb., Fig.21).

Secondary lateral buds in Hayward generally made only limited growth
and development (see earlier) and reached a maximum breadth of less than
5 mm., before aborting. In Alpha however, secondary and tertiary lateral
buds increased in diameter from their initiation, to 10.2 mm., and 8.5 nm.,
respectively when the terminal bud reached the split calyx stage. (Fig.21).
To the same stage of calyx split, it was estimated that bud breadth for
the secondary and tertiary lateral flower buds would be 11.0 and 9.8 mm.,
respectively (Fig.21).

The average size of the flower bud to the external bud development
stage and the flower bud stage is represented graphically in Figure 22.

By advanced open—cluster (Fig.3) and flower bud stage 8 (Fig.ll}, 15 dabb.,
mean flower bud breadth was 4.6 mm., and the breadth:width ratio was

1.18:1 (Fig.22). The changing bud shape is clearly demonstrated.



Fig.22

Early (up to 15 dabb.) flower bud growth and the change in the flower bud
breadth:width ratio in Hayward as related to the extermal
shoot bud stage and to the flower bud development stage.

NZl.

oc ac'zc External stage
) 6 7 8 Flower bud stage
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Fig.23

Ovary growth per shoct and the change in the mean ovary
breadth:width ratio per sheoot in Hayward.

flEN.

10 20 30 40 50 60 Qabb.
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(ii) Ovary Growth

The ovary was first formed in Hayward approximately 20 days after bud
burst. The mean cross section dimensions increased from 2.1 x 1.3 mm.,
at that date to 8.3 x 7.0 mm., at bleom (Fig.23). Over that period, the
breadth:width ratio decreased from 1.6 to 1.2, indicating a change in
shape as with the conplete bud.

(111} Growth of flower parts over later
stages of development

The rate of growth of the various flower components in Hayward are
correlated with the external stages of late flower developmant (Table 3).
From the time the calyx split, bud breadth increased from 14.9 mm. ; to
26.5 mm,, just prior to opening, and to a diameter of 67 mm., at full
bloom.

COver that period the ovary increased in breadth only from 7.09 nm.,
to 8.15 mm. The stigmal diameter increased rapidly from 4.78 mm., at late
flower development (Stage IT) to 10.83 mm., at bloom (Stage VI}. While
the mean anther size increased steadily over this period, the filament
length increased rapidly, especially over the 2 days prior to bloom
(Table 3). These comparisons amphasize the rapid development of the
flower parts in the 10 days preceding blossoming.

(1v) Quantitative differences between
terminal and lateral blooms

Terminal and lateral flower buds differed in size (Fig.21). OCne
of the factors showing this difference in size was the significantly
fewer petals in lateral flowers than in terminal flowers (Table 4). The
mean nurber of petals in Alpha terminal flowers and lateral flowers

respectively was 7.8 and 5.8,

IV  PHYLIOTAXTS

(2} Description of the phyllotaxy

In the Chinese gooseberry, leaves and leaf primorida are arranged in
a spiral on the stem (Fig.24). Various systems of spiral phyllotaxis
are recognised {309). An earlier method, based on the divergence angle
between the leaves, expressed the phyllotaxis as a fraction of a circle.
If two exactly superimposed leaves were separated by b internodes and

there existed a turns of the genetic spiral between them, then the



Table 3

Tne growth of the flower parts of Hayward

over the ten days preceding bloom,

Stsra Days ©o Flower (mm.) Pistil (mm.) Stamen (mm)
(2} | Blocm
Bud Stalk Ovary Stigma Anther Filamsnt

the wth. b | 1th, bth. wth., biw | diam. ith, bth. 1th,
I 10 14,9 14,2 1.1 Ak 7.1 6.5 1.1 8.7 2.8 1.2 3.4
I 15.2 14,5 1.1 | 4.7 7.1 6.5 1.1 4.8 3.4 0 1.2 4.0
I 5 8.8 18.3 1.0l 6.2 7.8 6.9 1.1 7.5 3.8 1.3] 5.2
IV 2 26.5 24,2 1,11 5.6 T.5 7.0 1.1 9.7 4.3 1.3 6.5
v 0.5 59.3 56,8 1.0 5.8 7.5 6.9 1.1 | 10.3 4,1 1.4 10.3
VI 0 67.8 65.3 1.0 1 6.5 8.2 7.3 1.1110.9 b1 1.41 13,3
{a} See Fig.12



Table 4

The relationship between the nurber of petals in terminsl flowers

and lateral flowers at each flewering axil along a shoot in Alphay

Termipal flowering axdl

Mean nuvmber

Shoots 1 2 3 h 5 6 7 8 par sheob
a, 8 Q 6 10 T 8 8 TaT
b, 8 8 7 10 8 6 8 7.8
e. 10 8 8 10 7 6 9 8 8.2
d. T 8 g8 12 10 6 8.5
e 6 6 1% 8 8 7.8
. 10 ) 7 10 6 G 7 7.6
g. 7 7 8 7 6 7 7.0

Mean no.

per axil 8.0 7.4 7.8 9.0 8.1 6.3 8.2 7.5 7.0

Lateral flowering axil

Mean numbher

Shoots 1 2 3 il 5 6 7 8 per shoob
a. 6 6 6 6 5 5 5.7
b. & 6 5 5.7
c. 5 7 5 5 5 6 6 5 5.5
d. 6 6 6 6.0
e. 5 5 > 5.0
. 5 ) 6 5 5 5.4
g 5 5 5 5.0

Mean no.

pee axdl 5.5 5.9 5.4 5.3 5.0 5.5 6.0 5.0 5.5

T . ¢ | P - A
z1vsis by the Sige Test

Petal number in terminel flowers significontly
t in lateral flowers,

where n = 7 (ruwber of

r = 0 (mobsr of

meo is

graatar (5%)
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Figﬂgq

Characterisation of the phyllctactic spiral
of the dissected winter bud of Hayward.

( 2+3 )
Clockwise helices (Sclid lines) Anticlockwise helices {(Dotted line)
1,3,5,7,9,11,13. 1,&,7,10,13.
2,}4’6’8,10312311;. 2’5’8’11’1“.

356,9,12,15.

Basal bud
{axdls 1-3)

Aberpant flower
primordium
(axil W)

Normal flower
primordium
{axls 5-12)
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divergence was represented by a/b. For the Chinese gooseberry, this is
2/5 as leaf 6 superimposes leaf 1 after two turns of the spiral (Fig.24).
This description is now less favoured since leaves are rarely super-
imposed on the stem.

The other common method of characterising a phylloctaxis is by
reference to the sets of parastichies {(helices) that may be iecognised
when the shoot is viewed from the top. By counting the number of these
parastichies in each direction, the phyllotaxis can be described. For
Chinese gooseberry this 1is 2 + 3 (Fig.24).

Two anomolies in the phyllotactic spiral of Chinese gooseberry were
cbserved. In a nunber cof cases (less than 5%) the ascending order of
progressively younger leaves was slightly altered: A younger and there-
fore later initiated leaf was somstimes observed to be lower on the shoot
than the leaf formed immediately before. (See both determinate end non-
determinate Hayward shoots, Fig.6.) The other, much less freguent (less
than 1%} anomoly observed, was the changing of the direction of the

phyllotactic spiral.

{b) Direction of the phyllotactic helix

Wardlaw (309), in his review on the organisaticon of the shoot apex,
stated that in plants a spiral phyllotaxis, the directicn of the genetic
spiral in the primary shoot, is usually considered to be randomly
determined and for many plant species it occurs in a 1:1 ratio. The
direction of the spiral in lateral shoots may be independent of the main
shoot and also randomly distributed. However, in many species a negative
correlation exists between the direction of the spirals of the lateral
shoots and that of the main axis (antidomy). The opposite case (homodromy)
occurs, but is much less frequent.

From the examination of buds and shoots of hoth Hayward and Alpha,
it was found that the direction of the phyllotactic helix covuld be either
'clockwise' or 'counter-clockwise' (interpreted as the ascending directions
of the foliar helix cbserved from above).

The aim of this study was to examine the freguency of the direction
of the genetic spiral of the bud {or shoot) and to relate it to the
direction of the spiral of the lateral. These relationships were examined
on separate vines. Relevant data were obtained from the buds and shoots
used in the flower development study of Hayward. Analysis of the results
of buds (or shoots), showed that there was a significant association
between the direction of the spiral on the lateral and that of the bud
(or shoot) (Table 5). The spiral direction was not found to be a specific



shle 5

Tre reletionship betwsen the direction of the phyllotectic spiral

of the bud (or shoot) and that of the laberal in Hayward.

Cj_ (‘]_"",3"”3 ‘-. "L-'Cjﬁcl_ o J.‘O‘i:_l
lzteral lateral
A1l cleckwise buds 10 (6.3)* 2 (5.7) 12
Scre clockwise, some
anticlockwise buds 8 (7.2) 6 (6.7) 14
411 anticlockurise buds B (8.,3) 12 {7.6) 16
Total 22 20 4o

* Number of buds (or shoots) observed. In hrackets, numhers expected

if ceouprrence of clockwise or anticlockwise helices was random.

(Ieberals with only one bud (or shoot) excluded.)
Goodness of fit ?{S = 9,7 (P less than 13).

Teble 6

The relationship between the direction of the phyllotactic spiral of the

bud (or shoot) and of the lateral, and that of the vine in Hayward.

Vings with all laterals Vinss with only one Total
in same direction lateral ard somz vines
(exciuding those with with some laterals in
cnly cne lateral) cpposite directions
from others
211 buds 1in same
direction as 11 (12.6)* 11 (9.4) 22
parent lateral
Some buds one
direction, some 10 (8.0) b (6.0) 14
buds in other
direction
A1l buds in 3 (%.4) 3 (2.6) 6
opposite direction
to parent lateral
Total 24 : 18 uo

* Wumber of buds {or shoots) cbhserved., In brackets,
nuoers expected if there was no significent associabion.
(Laterals with only one bud (or sheob)excluded. )

Goodness of fit ?{g = 1.8 (P greater than 20%).
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property of individual vines, the various types being found on each vine.
Further, the strength of the bilas towards one spiral direction was not
found to be a specific property of individual vines (Table 6).

C. DISCUSSION

Little has been reported previously on different aspects of flowering
and associated vegetative growth in the Chinese gooseberry. It is of
interest to relate the characteristics found in this study on the Chinese
goosebearry to those in other crops having similar fruiting and growth
habits. '

The grape is a crop which has been widely studied and is, in many
respects, similar to the Chinese gooseberry. Both are deciducus vines
which carry their crop on one year old wood in the axils of leaves at the
base of a shoot. In view of a report on flower development in A. kolomikta
(171), it was inferred at the camencement of this study that, as with
grapes and most deciduous fruit crops, it showld be possible to cbserve
developing flowers in the Chinese gooseberry bud during the season
previous to flowering. However from this study of A. chinensis over the
1971/72 growing season, it is apparent that there were a nurber of
features in the flowering habit of this species that are peculiar to the
Chinese goosebery.

Bud Growth

As with grapes, leaf primordia were initiated in the next years'
fruiting bud scon after bud burst although the rate and the final number
formed by winter was greater in Chinese gooseberyy. In grapes, the
number of leaf primordia initiated increases to reach a maximm of 10 - 15
depending on the cultivar by approximately 100 dabb. (51,202). In
Chinese gooseberry, approximately 18 leaf primordia had been initiated by
that time (Fig.l).

A number of workers on different crops have reported changes in the
rates of leaf primordia initiation in fruiting buds and have related such
changes to the inception of flowers (51,99,202). In a number of grape
cultivars, a lag in both the increase in fresh weight of leaf primordia
(51,202), as well as in the rate of initiation (51) around the 50 ~ 75
dabb., pericd have been related to the tiwming of inflorescence initiation.
In the Gordo cultivar, 6 leaf primordia were initiated at that time, and

the first bunch primordium start forming at the same time as the fifth or
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siwth leaf on the bud axis (B1).

In a series of papers con the apple, Fulford (87,98,99), alsc showed
that the timing of flower determination was related quite precisely to
the pattern of terminal bud development. However, this pattern was

.fferent from that in grapes. Instead of flower initiation being
associated with a lag in leaf primordia develcpment (le., a long plasto-
chrone), Fulford (99) showed in apples that, as well as depending on the
presence of bracts, this phencmenon was dependent on a short plastochrone
(5 - 7 days).

Unlike the situation in grapss and apples no marked changes in the
rates of leaf primordia production were found in Chinese goosebarries.
There may have been a short lag in the Hayward variety at 60 dabb., but
this could possibly have been associated with ovary growth as this lag
occurred around the bloam pericd but was not found in the staminate clone
Alpha (Fig.l). Although no sanples vere taken batwsen blocm and mid
Jamary, it was deduced, from the slope of the curve prior to blcoom and
fram the nuber of leaf primordia in the bud by mid January, that the rate
of production of leaf primordia continued until the maximum was reached
{estimated to be around the end of December). This is comparable to the
situation in grapes {51,202).

The structure of the resting (winter)} bud varies between fruit tree
crops and depends upon the position of the bud on the shoot and on the

osition of flowers within the bud.

As in citrus (172} and grapes (329), terminal buds never form in the
Chinese gooseberry (Flg.16), the growing apical bud of the shoot, and
sometimes the terminal portion of the shoot itself, desiccates and
abscisses at various times during the season (Figs.l6a and 16b}. The
axillary buds of the Chinese gooseberiy are less prominent than in many
other crops as they are enclosed in the swollen base of the pstiole (Fig.3).
Roth the Chinese gooseberry and the grape possess basal (lateral) buds.

The Chinese gooseberry may possess up to 5 basal buds (Table 1) but uwsually
only the outer 2 develop leaf primordia by winter (Fig.24). These do not
usually develop into shoots unless the primary growing point is damaged
(Fig.15). Under commercial growing conditions these buds usually remain
dormant for approximately 3 —~ 4 years when they can be stimulated into
growth {maiden laterals) in the renewal system of pruning, by the removal

of the primsry lateral system at or near its base (92).
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Vegetative Growih

As in the grape (328), but unlike most deciducus fruit trees bud burst
in the Chinese goosebsrry is late. The first signs of bud movenent was in
early September, and general bud burst did not take place until the end of
that month. In scme cultivars, especially Hayward, but burst was
extrenmely poor (see Ch.6) and wneven. The reason for the uneveness in bud
burst could, in part, be due to climatic factors as the winter prior to
1971 was milder than average, possibly indicating some chilling regquirement.
As well it was observed that buds at nodes on the undersides of a lateral
did not burst. |

Fellowing a lag of approximately 10 dabb., leaf production and
extension growth proceeded rapidly (Figs.4 and iO). Figures for these
paramsters were extremely variable. This was largely due to two factors.
Firstly, the data were obtained from different plants at each date (as
material was destructively sampled). Secondly, a variable number of the
tagged shoots had terminated their growth by each sample date. 2n attempt
was made to minimise the variation by separating those shoots which had
terminated their growth from those that had not {Fig.4) although there was
no indication initially of shoots either ceasing growth or continuing.

The shoot length varied widely in Chinese gooseberries. Although no
terminal bud was produced, some shoots had ceased extension growth by 40
dabb., making only 10 cm. of growth (Figs.4 ard 6), while others
continuaed growth throughout the season. Shoots of approximately 10 meters
in length have been reported on vigorous clones where growth has not been
checked. The reason for the variation in shoot length is not known as
both types of shoots result from apparently similar shoots tagged at bud
burst. Generally, Hayward is a less vigorous cultivar with fewer non-—
determinate shcots. lateral shoots in that cultivar generally cease growth
by mid Decembar, 80 dabb. (71).

Like many species, the Chinese gooseberry displays heteroblastic leaf
development along a shoot (Figs.2 and 7). This development was apparent
in the winter bud (Fig.2), but becams more cbvicus after shoot growth had
camenced (Fig.7).

Although there were differences in hetercblastic development between
Alpha and Hayward {eg., there were fewer bud scales and transition leaves
in Alpha), general patterns were similar. In both Alpha and Hayward, the
size of each leaf and length of each intermode depended wpon the position
of the leaf in the bud or shoot and upon the position of the bud or the
lateral, a situation comparable with other plants (15}.
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The number of basal buds in both Hayward and Alpha depended on the
position of the bud along a lateral. Buds closer to the base of a
lateral contained a greater number of axils possessing basal buds (Table 1).
Alpha had fewer basal bud axils than Hayward and this was apparently

associated with the nurber of scales and transition leaves.

Reproductive growth

It is well known that in most deciduous fruit tree and vines species
flowers or inflorescences are initiated in the summer preceding their
flowering and fruiting (30). On the other hand, in evergreen temperate
and sub-tropical fruit trees, flower initiation takes place only a few
weeks before bloom and i often asscociated with resumption of growth (1063,
135,256).

In A. kolomikta, it has been reported, that (171) by the end of sunmer
lateral cones of flowers with undifferentiated floral embryo are present
in the completely fomred floral bud.

In A. chinensis however, the present study has shown that, although
axillary primordia were present in the potentially reproductive region of
the winter bud, they remained uninitiated (Fig.24}. It was not until just
bafore growth was resumed in the late spring that discernable changes in
those primordia were noted.

The timing of flower initiation in the Chinese gooseberry appears to
be atypical of most deciducus plants where almost fully formed inflores-
cences and flowers are present in the bud by winter (171). The pattemn
found in the Chinese gooseberry however can be partially compared with
that in the grape where, atthough the inflorescence (which consists of the
main body of the cluster and bracts with branches and sub-branches in
their axils}) is initiated during the previous summer, individual flowers,
on already formed clusters are not initiated until the spring (247). A
similar situation to that in the grape is alsc reported for aA. kolomikta
(171). The timing and pattern of flower initiation in the Chinese
gooseberry seems most closely related to that found in evergreen temperate
and subtropical fruit trees (103,135,256}).

Once the flower primordia were initiated in the spring, flower
development was extremely rapid and continmuous and, within 30 days of
initiation, the ovary was being formed. The sequence of initiation of the
flower parts was generally similar to most other species. Within a given
fiower, the sepals were the first to develop, followed by the petals, sta-
mens, and lastly, the pistil with its multi-locular ovary.



70

Up to the time of stigma initiation, the pattern of flower development
was similar for both the pistillate Hayward and the staminate Alpha.
Instead of the gynoscium continuing to develop, as in Hayward, the stamin-
ate gynoecium developed little and remained vestigial.

Early stages of androecial development in Hayward {and other pistillate
cultivars) seemed to be normal; the stamens developed into anthers and
filaments similar to staminate flowers. However in Hayward (and other
pistillate cultivars) the pollen grains which form in the anthers remain
sterile (272).

Thus, in the Chinese gooseberry the pattern of sex-expression follows
the more noxrmal angiosperm pattern where the flower begins as a potentially
hermaphrodite primordium; functional unisexuality then results from
unbalanced growth, with only the androecium or the gynoecium completing
development (15). The cause of unisexuality in plants is not fully
understood. Although it is thought likely to be hormonal, studies on a
wide range of woody plants indicate that the hormonal status controlling
sexuality is species specific (157).

At various stages of flower development, it was found that buds at some
axils ceased further development, and in scume cases abscissed (Fig.l9).

The fregquency of aborted (or aberrant) axils was comparatively high in
Hayward compared with Alpha (Fig.19).

Most of the flower buds (primordia) destined to abort ceased development
soon after bud burst, when sepals were being initiated in normal flowers.
These early abortions mostly occurred in the lower axils of the shoot
immediately above the last axil containing a basal bud. Further, it was
possible to deduce, from the shape of the primordium at initiation, which
would shortly cease development (Fig.l3a top line). For those flower buds
which aborted at later stages, it was not possible to predict their fate
as nurbers were not great (especially in Alpha), thelr position on the
shoot was not apparent, and development seemed noxmal up to their cessation
of growth.

The cause of this aberrant flower development is not fully understood
although it also cccurs, to a greater or lesser degree, in many anglosperms
{including fruit trees and vines) and gynosperms (99,156,202). Evidence
from the position of aberrant axils on the shoot did not allow any
deductions, as to the internal factors which were responsible for such
development. However, it was deduced that, sanetimes structures in those
axils which abort early could develop and form flowers. Those [lowers were
usually fasciated (Fig.13b) and were likely to result when the development

of the terminal flower primordium in those axils was only slightly checked
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with the laterals continuing development. It is known that the frequency
cf such fasciated flowers varies between seésons, possibly indicating some
environmental influence.

Other experirental results gquoted elsewhere (Ch.4 and 5), however
indicated that the quantity and/or the quality of the factors forming
flowers could b2 altered by specific treatments {(as measured by the nurber
of normal flower buds). The fact that staminate vines are more fruitful
than pistillate vines could also possibly indicate variations in the
gquantity and/or quality of flowering stimulii between clones.

In Hayward, while lateral buds were initiated,'virtually all of them
ceased development soon after their petals were initiated. In the staminate
Alpha, secondary and tertiary lateral flower buds were initiated, and a
large proportion of them developad to bloom. As some staminate vines had
up to 9 flowers in an inflorescence (Ch.6), it was concluded that the
inflorescence in the Chinese gooseberry vines was potentially a compound
dichasium (Fig.17)},

Lateral flowers, although initiated after the terminal flower, developed
at a faster rate, and bloomed approximately 3 days after the terminal
flower. As well, lateral flower buds were always smaller (Fig.21l) and
contained fewer petals (Table 4).

In the Chinese gooseberry the reproductive region of a shoot ocoupied
approximately 7 axils in Hayward and 8 axils in Alpha (Fig.19), and was
not influenced by the distance from the base of the lateral {(Table 2). In
the grape however, there are usually only 1 - 3 reproductive awils (33,329)
and further, not all buds are fruitful (29). Barmard (29) showed in the
Sultana cultivar, that the proportion of buds that were fruitful were low
towards the base of the lateral (cane), and increased progressively
outwards, and again decreased towards the distal end in all but very short

Canes.

Phylletaxis

Wardlaw (309} states that the commwnest form of phyllotaxis is the
spiral form. Chinese cooseberry possess this form and can specifically
be defined as 2/5, or {2 + 3) spiral. As in many plant species with a
spiral phyllotaxis, the spiral in Chinese gooseberry may either be clock-
wise or counter-clockwise. However, unlike nost species with a spiral,
there was a positive correlation between the spiral on a Chinese gcoseberry
shoot {or bud) and that of the lateral (homdromy) (Table 5). The more
usual cases are a negative correlation (antidony), or an independent

association (309).



72

The reason for the two observed anomolies in the phyllotactic spiral
of Chinese gooseberry are not known although these occurred in the
regions of the shoot where there was a change in either the vegetative
or the reproductive state. Where a younger and therefore later initiated
leaf was lower on the shoot than the leaf formed inmediately before, this
only occurred at the uppermost flowering axil (see both determinate and
non—determinate Hayward shoots, Fig.6). Where the phyllotactic spiral
changed direction, it did so arcund axil 5, around the regicon that the
shoot changed from the vegetative to the reproductive state. Changes in
the phyllotactic patterns along a shoot occur repeatedly in other plants

although the reasons for this phenomenon are not understood (309).




Chapter 4

THE EFFECT OF DEFOLIATION, SHADING, AND TIPPING ON
FLOWER DEVELOPMENT AND CONCURRENT VEGETATIVE GROWTH

A. INTRODUCTICN

A major factor governing yield in fruit trees and vines is that of
determining the partition of metabolites between the various reproductive
and vegetative growth centres (127,131). Over the early period of spring
growth the compatition between the various growth centres for available
netabolites is particularly intense and how successfully a growth centre
can campete for limited supplies depends upon their relative activity or
sink capacity (127,131,176,250).

Autoradiographic and other studies have shown that the initial shoot
growth is dependent upon photosynthate mobilised from reserves within the
parent plant or vine (46,224,250,310,331). In the grape, Hale and Weaver
(127) bave shown that as soon as a leaf commences exporting metabolites,
movement is acropstal to the young leaves and shoot apex wnich constitute
powerful sinks, but with continuing growth of the shoot and the producticon
of new leaves, metabolite movenent becomes bidirectional at first and then
basipetal. This basipetal movement occurs during the preblocm period.
However, during the prebloom and bloom period, a normal grape shoot appears
to be independent of others for supply of photosynthates (254).

The actuval cause of the metabolite movement is not completely under-
stood, but it is known that growth substances play a vital role as powerful
mobllising agents (254), and they are synthesised (to a greater or lesser
extent) in the various growth centres within the plant (87,115,254).

By eliminating or reducing the effectiveness of the various sinks and
sources within the plant using such manipulations as defoliation, girdling,
shading, tipping, deblossoming, and the use of growth substances, the
partition of metabolites within the plant can be altered (67,224,252,254).
Such manipulations may be carried out on whole trees and vines, ag well as
on cutting material (see Ch.1).

While the main Chinese gooseberry cultivar Hayward produces large
fruit, it does not numzrically bear heavily. Hayward typically has fewer

axils bearing flowers and fewer flowers at each axil than other cultivars
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(Ch.6).

To gain information on same of the factors affecting the development
of flowers in the Chinese gooseberry, a number of defoliation, shading, and
tipping treatments were applied to shocts growing from isolated single node
cuttings as well as to individual shoots on field grown vines.

A murber of statistical tests were applied to the collected data.
Because of the limited capacity to make the many cbservations recorded, the
data accumilated in the study of the normal sequence of development (Ch. 3)
was used as control figures for this series of experimental manipulations.
This data was utilised by fitting a least squares regression line to the
records {collected at 5 - 7 day intervals up to bloom) used for the Hayward
flower development studies (Ch.3). The regression equation for each para-
meter, along with an estimation of its goodness of fit are set out below.
The value predicted by this line at the sample date in question and the
standard exrror of this prediction were used as the defining paramsters of

a normal distributicn, from which values were randomly selected.

Parameter Mean control Regression Exror of
valuss used Equation Prediction
for each as % of
sampie date prediction
Number of effective flowers see Fig.l%a Y= 5.872 - 0.027x 22
Average ovary size see Fig.23 ¥=13.819x% + 21,638 12
Nunber of open leaves see Fig. 10 Y= 0.114x + 5.043 28
Average leaf size Unpresented Y= 0.191x - 0.131 19
Total mmber of leaves Unpresented Y= 0.007x + 11.604 17
‘Shoot length sée Fig., 4 Y= 0.591x - 2.220 65
Shoot thickness see Fig. 5 Y= 0.067x + 3.260 16
Number of leaf primordia sea Fig. la Y= 0,207x + 2.276 18

Where possible an analysis of variance, followed by Duncan's Multiple

Range Test (286) was carried out on the single node cutting data as well

as on the field data {using the treatment and generated control replicates).
Where the data did not meet all the criteria for the analysis of variance
(when for example the data were not homogeneous using Bartlett's Test

{284) for homogeneity), even after the logrithmic and square root trans-
formation, the analagous, non parametric Kruskal-Wallis Test {286), was
used to test for overall statistical significance, followed by Dunnett's
Test (8l) to test treatments against the control.



Fig.25

Defoliation, shading and tipping treatments on Hayward single node
cuttings.

Fig. 26

The shading treatment (50% shade) applied to Hayward shoots in the
field.
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B, EXPERIMENTAL OBSERVATIONS AND RESULTS

Because of various experimental problems it was not possible to
include in the results all the treatments and all the replicates originally
applied to the tagged shoots. In the field, none of the buds receiving the
pricr to bud burst defoliation treatmsnt grew. This scemed mainly due to
sunscald and desicecation even though the treatment was carried out on an
overcast day and the wound was covered with grease. A large number of the
shoots (replicates) in the shading treatments (especially the heavy shade)
rotted inside the bags. As well, a nuwer of replicates in the defoliation
and tipping treatments were lost due to wind and other mechanical damage.

Again, although the single node cuttings were selected for evenness
prior to burst, a number of the cuttings (replicates) in most treatments
either did not burst their buds or made only limited (abnormal) growth.

in all analyses, the number of replicates used are included in the
tables.

The overall effects on reproductive and vegetative growth can be
seen in Fig.27 (single node cuttings sampled 25 dabb.) and Fig.28 (field
studies, sampled close to bloom),

I REPRODUCTIVE GROWTH

(a) Nurber of flowers per shoot

The total number of reproductive axils per shoot were, not unexpect-
edly, (see Ch.3 and 5) similar for all treatments (Table 7). The influence
of the treatments on reproductive development can be seen in the number of
normal flowers per shoot (or the comlementary number of akorted or
aberrant axils) at each sample date. '

Single node cuttings

Generally, complete defoliation increased, total shading reduced, and
tipping had little effect on the number of flower buds per shoot (Table 7a).
Partial defoliation and partial shading treatments were generally without
effect.

A significant trend was evident in the complete defoliation treat-
mants where the earlier the comrencement of the treatment the greater was
the promotion. The number of flower buds per shoot was increased from
4.1 (Control) te 5.6 {conmenced 10 dabb.) to 6.3 (commenced 5 dabb.) to

7.3 (commenced prior to bud burst).



Fig.27

The effects of defoliation, shading and tipping on the growth and
development of Hayward single node cuttings, sampled 25 dabb.

A Control

B Defoliation (100% started prior to
bud burst)

C Shading (100% started prior to
bud burst)

D Tipping (started 9 days after
bud burst)






Fig.28
The effects of defoliation, shading and tipping on the growth and
development of field grown shoots of Hayward, sampled c¢lose to bloom.
A Defoliation (100% started 17 dabb.)
B Shading (100% started 1 dabb.)
C Tipping {started 19 dabb.)






Table 7

The effects of defeoliation, shading, and tipping
treatments on the number of reproductive axils per
shoot, the number of flowering axils per shoot,

in Hayward.

{a) Single node cuttings.

PRI ATION i by TIPPTNG
50% e 9% | 100%

Cent 5¢.  15d.| Prier 53, 10d, Pricd Prier b 3d.  9d. 1. 1sd. 17a.
rber of mproductive axils | 7.1 7.5 R3I g8y ONI R0 7.2 |9 7.3 f.0 B0 1.3 7.9
Wimber of abarrant awxils - 2.9 2.9 2.6 | 1.2 L0 1.4 2.6 | 6.2 5.7 2.8 2% 2.9 2.9
Hutber of replicates 20 10 1) & 9 13 10 7 9 E] 10 10 10.
Hurber of flower buds 4.2 4.7 4.7 [ 7.3 6.3 5.6 4.6 [ 1.7 4.7 4.3 4,1 4.4 5.0
¥urber of mplicates 20 10 10 3 9 10 10 @ g 10 10 10
Significance 5% level ar ol o a ab =] oA & od d d d od
Significanoe 1% lewml c c c A A BC C D c c C C D
Average flower bud size (mm.} 3.2 3.4 29 | 4.8 4.5 3.7 3.1 5. 3.1 X0 2.8 3.9 3.5
Nunber of yeplicates . 20 10 10 6 2 10 10 7 10 10 10
Significance 5% level ag K1 a a a a a a a a a a a

{b) Field studies,.
LEFOLITICN SHIE TIPPTNG
Sample date A 50% 1003 9% 100% One way analysis of variance
(e .2} Cont] 163, 184, | contl 14, 1d. Cont| 12d. 194, followed by Duncan's Multiple
Imber of repreductive axils| - 7.1 11 - 7.1 8.1 - 6.7 7.2 Range Test.
Mumber of aberrant axils - 1.5 1.3 - 2.2 2.8 - 1.7 2.4 * Treatments with rno letter
Hurber of replicates - 9 10 - 12 11 - 11 10 in cormon are sigrificantly
ifferent at that level.
HTE of flower 4.9 | 5.6 5.8 4.6 1 4.9 5.4 A 5.0 4.8 . . .
ki s > _ 3 t After the legrithmic
Wurieer of replicates 10 9 10 12 12 i1 11 il 10 .
transformation.
Significance 5% lavel 3 ab a a a a a a .
Significance 1% lewel A A -y A A A A A
Merage ovary size 4.6 1 3.9 4.6 4.3 | 4.2 2.4 4.5 | 4.9 4.5
Nurber of replicates 10 9 10 12 12 11 11 i1 1o
Significance 5% level a a a a a a a a a
T PCLTATION SHADE TIFATHG

Sample date B A ) 10z 39% ioo%
(see &n.2) contl10a. 170, 2ea. [104. 172, 24a | conelia. 1sa. 226.)1d. 1sa. 22001 comtl 122, 194, 264.
wnber of reproductive axils) - 6.8 6.7 7.4 [7.0 7.1 1.0 - 6.8 6.3 6.5(6.7 6.7 6.3 - 7.1 1.2 7.4
Humier of aberrant axils - 2.2 2.2 2.6 (2.2 2.2 2.1 - 2.3 2.4 2.112.8 3.2 2.4 - 2.2 2,2 22
thmber of replicates - 4 1= 13 |17 9 14 - 23 7 Ill 11 & 7 - i1 1s 13
Mueber of fiowers §.3 |46 4.5 4.8 |4.8 4.9 4.9 1,14, 3.9 4.4 3.8 35 3.9 4,314.9 3.0 s.2
tiayer of replicates 1G 14 12 13 {17 9 14 16 |23 7 11 {11 & 7 15 |11 1:5 13
Significance 5% lew:l a a a a a a a a a a a a a a a a a a
Averane oviry sizn T4 7.4 25 g4 BY 16 A6 7.2 BLO|G.3 L2 .3 8.5 8.3 7.9 T.¥
Humbor of replicates 16 14 12 13 (17 9 14 16 23 7 11 11 & 7 16 11 15 13
Significance 5% lovel a a a a a a a aly |ak b a b b b a ab be @
Signifirance 1% lowl A A A Y A A h L i R 8 I A A L 1
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Field studies

Treatments had little effect on the number of flowers per shoot
(Table 7b). However certain trends were evident although no statistical
significance showed. '

Pefoliation appeared to slightly increase flowering at both sample
dates, the trend being greater with the more severe treatments. The
earliest complete defoliation treatment (10 dabb.) increased the number of
flowers per shoot from 4.9 to 5.8 at the early sample date and, by the
bloom sample date, from 4.3 to 4.8.

Shading slightly increased flowering at the early sample date (the
effect being nore marked with the heavier shading), but by full bloom
partial shading was without apparent effect and heavy shading slightly
decreased flowering.

Tipping treatments were without effect at the early sample date, but
by bloom appeared to slightly increase flowering.

{b) Average ovary or flower bud size per sheot

Single node cuttings

befoliation, particularly complete defoliation, appeared to increase
the average flower bud size per shoot (although trends were not significant);
the treatment prior to bud burst increased the average size from 3.2 mm.
to 4.8 mm. (Table 7a). Further, total shading slightly increased the
average flower bud size (to 4.4 mm.).

Partial shading and tipping treatments were generally without effect.

Field studies
Defoliation and shading treatments had little effect on average ovary

size per shoot at either sample dates although total shading seemed to
have a slightly depressing action at the blocm sample (Table 7b). For
both defeliation and shading treatments slight trends were generally
apparent with both application date and treatment severity; ie. the
earlier and/or more severe the treatment, the more marked the effect
{depression).

Although the earliest tipping treatment (12 dabb.) increased average
ovary size slightly (but not significantly) at the early sample date,
average ovary sizes for all tipping manipulations were slightly decreased
(but not significantly) by the bloom sanpling (Table 7b). This bloom time

effect was more marked with successively late tipping treatments.
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1T VEGETATIVE GROWNTH

(a) Ieaf growth

For shading and tipping treatments, the nurber of open leaves per
shoot gives an estimate of leaf production. For defoliation treatments
this was not practical and an estimate of leaf production was dbtained by
sumring the number of leaf awils (up to the uppermost defoliated leaf) per
shoot at each destructive sample date., This total included the scale and
transition leaves (Ch.3} at the base of the shoot.

Heavy shading of single node cuttings resulted in shoot growth that
was completely chlorotic (Fig.25). While the pigment content was low in
heavily shaded shoots in the field, green pigmentation was present, even

when shading camenced prior to bud burst.

(i) Ieaf production per shoot

Single node cuttings

Shading, especially heavy shading decreased the number of open leaves
{Table 8a and Fig.27).

Clearly the nunber of open leaves per shoot in the tipping treatment
would be decreased, an effect proportional to the earliness of tipping.

All the defoliation treatments promoted leaf production, especially
the complete treatments {Table 8a and Fig.29a}.

Figure 29a which shows the effect of defoliation on leaf production
was cbtained by recording the number of leaves removed over the experi-
mantal pericd. After 25 dabb., leaf production following complete
defoliation prior to bud burst (18.2) was significantly greater than that
fram later complete defoliation treatments which in turn were still

significantly greater than that from the control (11.1).

" Field studies

As with the single node cuttings, shading treatments decreased leaf
production (Table 8b). The effect was more marked with more severe
shading and with time of treatment commencement. While light shading had
little effect on leaf production by the early sample date, severe shading
{from bud burst) significantly decreased the nurber of open leaves per
shoot, from 8.1 to 5.6 (Table 8b). At the bloom recording both partial
as well as severe shading showed significantly decreased leaf production.

The act of tipping clearly reduced the nunber of open leaves pex
shoot.

While partial defoliation had little effect on leaf production,



The effects of defoliating, shading,
the number of open leaves {or the total
per shoot and the average leaf size pex

{a) Single node cuttings.

Table 8

and tipping on
number of leaves)
shoot in Hayward

DEFOLIATION Pt TIrRnNG
50% 1nns, 0% 0
Cent 5d. 103, [ Prior Sd.  1nd. Prict Prior 5. %4, 131, 153, 176.

¥umber of opan leaves 6.5 5.0 | 3.4 5.7 5.4 .6 &.8 8.2

Kurber of replicates 20 10 7 9 9 1o 10 10

Significance 5% level a® & b a b a a b

Average leaf size {on )] 4.5 4.4 11.2 5.4 5.0 4.2 4.6 4.5

Renber of replicates 20 18 8 9 10 16 10

Significance 5% level b be a ab =] e be

Significanse 1% lewvel 28 B C a8 AR AB

Total muerber of lesves 11.1 11.5% 11.8] 18.2 13.3 14.1

Kudher of replicates 20 10 10 9 1o

Sionificance 5% leval c c a b

Significance 13 leval  c [A B B

{b) Field studies.

DEFQLIATION SHADE TIPRING

sample date A 508 100% 0% 1065 One way analysis of varience

(see (h.2) cont| 10d. 10d. || cont 1a. 14 cont| 12d. 1%a. followad by Dancan's Maltiple

tiober of open leaves 8.1, B.§ 5.6 10.2] 8.1 8.0 Range Test.

thiber of replicates 10 11 11 10 t In this case analysis of

Significance 5% lewvel a a b variance was not applicsble.

Sigmificance 1% leval A R. B A Kroskal-vallis Test was
usexd followed by Dunnstt's

Mverags leaf size (G 5.2 6.5 3.2 s.9 | 7.8 16 Test for significance with

Mumber of replicates 12 12 10 pax 11 10 the control.

Significance 5% laval < o b a a

Significance 1% lewvel A B E A * Treatnents with no letter
in comon are significantly

Total mober of leaves 14.2] 14.4 16.3 different at that ievel.

Number of replicates 10 9 g

Significance 3% level a a a

DEFOLIATION EHrIFE TIPPING

Sample date B 0% 0% 50% 100%

(sce Ch. 2) Contiload, 174, 24d.|1i0d. 173, 24d. Contldd. 154, 224.11d. 15d. 2z Conty124. 18d&. 24d.

Mumtzzr of coen leavos 11.7]7.8 8.9 9.7 16.3 6.3 2.7 11.3|%.6 8.0 5.3

thober of replicates 16 20 7 11 e 3 s |11 14 13

Significance 5% lawcl a bz abc ab & 5] [+

Significance 1% lewvel A B Az A IBC BC

Average leaf size {om) 10.2]9.7 9.5 9.8 {4.5 2.7 6.6 14.4|10.3 9.2 10.8

tarier of replicakes W j20 7 11 {6 is |11 14 13

Significancs 5% lowvel a a a a =4 [ a a a a

Significance 1% lewel A c < B hy A B A

Total mrter of looses 15.7115.6 14,3 15.9) 18,7 22.2 17.4

Mulor of replicates e | 12 13 117 ¢ 14

Signd ficance 5% lovel c 5] [ b 1B a b

Significance 1% lowsd B e "IN A BZ
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camplete defoliation increased the number of leaves (Fig.29b)}. By the
early sample date, the trend had becane apparent and by bloom the 10 dabb.,
and 17 dabb., treatments were significant (Table 8b).

{11} Average leaf size per shoot

The average leaf lamina breadth per shoot was used as an index of

average leaf size,

Single node cuttings

Total shading greatly reduced the average leaf size per shoot from
4.5 t0 1.9 an. while partial shading had little effect (Table 8a).

Tipping treatments slightly increased the average leaf size per
shoot, an effect more noticeable for the earlier tipping treatments.

Field studles

As with the single node cuttings heavy shading reduced greatly,
although not significantly, the average leaf size (Table 8b}. This effect
was noticeable at the early sample date as well as at the bloom sampling.
Partial shading was without apparent effect.

Tipping treatments slightly promoted average leaf size at the early
sample date, but by bloom little differences from the controls were
evident.

(b} Shoot growth

{i) Shoot length

Single node cuttings

Defoliation treatments generally pronoted shoot length (Table 9a).
This effect was particularly noticeable for the defoliation treatment
prior to bud burst.

Total shading, on the other hand appeared to retard shoot growth
although not significantly. Partial shading was without effect.

The effect of tipping was more noticeable in stopping shoot growth
with early treatments.

Field studies
As the variability of the control data was so high (for mean valuess,

see Fig.4; the error of prediction as a percentage of the prediction
being 65%), no analyses were carvied out on this parameter.
In contrast with the single node cuttings, defoliation (especially

complete) appeared to retard shoot growth (Table 9b). Complete defeliation



Table S

The effects of defoliation, shading, and tipping
on the shoot length and thickness in Hayward.

(a) Single node cuttings.

EFTLFATTON BIADDNG TIPPTNG
59t 100% 35% 100w

Cont [ 5d. lod. | Prior 3d. 104. Prioyn Prior 54. 9d. 124, 1s4. 1.
Shoot length (omo ) 5.3 6.3 6.9 | 8.2 5.3 6.0 5.4 3.0 5.6 i.8 5.8 5.2 7.0
tbar of wplicates 20 1o 10 & 9 10 10 ] ] ig 10 10
Significance %% lewel bo* ab ab a ko ab j=tel c =] == b b ab
S.i.gnificanm 1% lewel A A A A A A A A A A A A A
Shoot thicknoss {m.) 4.0 4.1 4.0 4.2 4.1 4.0 3.8 3.2 4.3 4.0 4,2 4.1 4.4
Mueber of replicates 20 10 10 6 G G 10 & g S 10 10 16
Significance 5% lewel a E a a a a a a a a a a a
{b) Field Studies.

PEFOLIATYON SAOTNG TIZPTNG
Sample date A s50% 1008 203 100%
(see Ch.2) cont| 10d. 10a. | | cont| 14, 14 Cont| L. 1ga.
Shoot length (o) 16.1] 2.7 10.86 i4.9} 16.5 15.6 is.7) 14.1 14.4
Wurber of replicates 9 10 12 i1 1l 10
Shoot thickness (mm. ) 5.2 ) 4.8 4.8 5.3 ] 5.1 4.9 5.3 | 5.8 5.2
Wrber of replicates 10 10 - 12 12 1 11 11 10
Significance 5% lewel a a a a a a a a a
DEFOLIATICN SHADIRG STUPTNG

Sample date B 50% 1003 50% 100%
(see n-2) Cont{10d. 17d. 24d.|10d. 17¢. 24d.) { Contfld. 15d. 224.]1d. 13d. 22a.] [Cont| 126 192, 244
Shoot length (o) 23.7(29.6 22.4 27.0[20.0 29.7 19.5] } 29.7|1%.8 22,1 28,31 33,0 47.2 12,8} | 32.6[ 14.9 15.0 20.3
thomber of replicates 414 12 13 [17 9 14 g 7 11 14 2 5 1 15 i3
Shoot thickness 7.4 t6.3 6.0 6.415.2 5.7 5.8 7.0 3.6 5.9 6.5{5.2 5.6 5.5 7.2 16,7 6.5 6.8
Nurtber of replicates 14 14 1= 13 e ¢ 14 16 18 7 10 11 & 7 13 11 13 iz
Significance 5% leval af (b b b b b b a ke bo abk |bo bo c© a a a a
Significance 1% lewvel 8 B B AR |B B B i A

One way analysis of variance followed by bDuncan's Multiple Range Test.

# In this case analysis of variance was not applicable. A Kruskal-Wallis
Test was used followed by Punnett's Test for significance with the control.

* Treatments with no letter in common are significantly different at that
level.
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starting 10 dabb., retarded shoot length fram 16.1 to 10.6 cm. at the
early sanple date and by bloom was 20.6 am. compared with the control value
of 29.7 am.

Also in contrast with the single node cuttings, shading appeared to
have little effect on shoot growth; figures were inconsistent. As with
the single node cuttings, tipping reduced (expactedly) shoot growth, the
size of the reduction being related to the earliness of tipping (Table 8b).

Defoliation treatwents had a marked influence on internode growth.
In the field, the average interncde length (mean shoot length + mesan total
nurber of leaves) was greatly decreased by all conplete defoliation treat-
rents; the earliest (10 dabb,) treatiment reducing the average length from
1.89 cam. {control} to 1.09 cm. Partial defoliation appeared to have little
effect.

In the single node cuttings however, defoliation treatments, even
complete defoliations, only slightly reduced internode growth. This was
because shoot growth was increased (Table Sa) (along with leaf production)
and not decreased as was generally the case in the field (Table Sb). The
average intemode length for the prior to bud burst treatment was 0.45 am,
(compared with 0.48 cm. for the controls).

{ii) Shoot thickness

The dianeter of the base of the shoot was used as an indication of

shoot thickening.

Single node cuttings

Generally defoliation had little effect on shoot thickness although
the treatment prior to bud burst appzared to have a slightly promotive
effect (Table 9a).
Shading slightly retarded thickening only when the treatment was severe.
Shoot thickness was generally unaffected by all the tipping treatments.

Field studies

Defoliation as well as shading inhibited shoot thickening, an effect
directly related to the intensity of the treatment and to the length of
time the treatments were applied (Table 9b).

Tipping slichtly promoted shoot thickening at the early sample cdate
but by the blcoom sampling was slightly retarded.
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TII NEW BUD DEVELOPMENT

The nurber of leaf primordia in the axil innediately distal to the
uppermost flowering axil were recorded to assess the effect of treatments on
new bud development. Tt is these buds that develop into flowering shoots

next year.

Single ncde cuttings

Complete defoliation stimulated new bud develcopment; the earliest treat-
ment increased significantly the number of leaf primordia from 6.8 to 9.8
(Table 10a). Partial defoliation however appeared to decrease slightly bud
developrent.,

Shading greatly decreased bud development with the total shading treat-
ment decreasing numbers from 6.8 to 3.8.

As early (5 dabb., and 9 dabb.} tipping removed all the axils contain-
ing the developing buds no data were available from these treatments. No

consistent trends were evident following later tipping.

Field studies

Defoliation appeared to have little effect at the early sample date,
but by the bloom sampling complete defoliation significantly decreased bud
development, while partial defoliation appeared to slightly increase bud
development (Table 10b).

Both shading treatments promoted significantly bud develcopment at the
early sample date, but by the blcom sampling bud development was decreased
significantly.

As the tipping treatments on shoots in the field were carried out
later than on th