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Chapter 1 

REVIEW OF LITERATURE 

FLOWER DEVELOPMENT IN TEMPERATE 

AND SUBTROPICAL FRUIT TREES AND VINES 

A. INTOODUCTION 

It has long been kncwn that fla11er buds are formed in most fruit trees 

during the season prior to that in which they bloom, and knowledge 

concerning factors which influence this phenorrenon are helpful to an 

understanding of the grc:Mth and cropping behaviour of fruit trees and vines. 

Less information has been obtained on the physiology of flowering in 

fruit trees and vines than on herbaceous annuals. This is due to problems 

associated with their size, juvenility and their lack of response to 

specific f lc:Mering stimuli such as photoperiod or vernalization. 

'Ihere has been much confusion in the literature concerning the 

terminology relating to the change from the vegetative to the reproductive 

state. 'Ihe following terminology after Thanas (295) , and based on 

definitions by Evans (87), will be used throughout this thesis. 

Flc:Mer evocation refers to the physiological changes at the apex 

caused by the accumulation of flc:Mer-forming factor(s). 

Flc:Mer initiation occurs when there are visible changes at the apex. 

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

by recent terminology could cover either evocation or initiation. 

B. 'IHE FLCWERING PROCESS 

Organogenic studies of floral developnent in woody perennials are 

difficult to categorise into any logical sequence because of the diverse 

and varied way in which flc:Mering is expressed. 

Classically, the flower can be regarded as a cc:rnpressed determinate 

shoot in which the sepals, petals, stamens and carpels (and the sterile 

staminodes and carpellodes, where present) are successive lateral organs. 

At flo.vering the vegetative shoot apex, whether terminal or lateral, 

undergoes various physiological and structural changes and becanes 
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directly transfonred into either a single fla.ver or an inflorescence (109, 

149,243,264). The principal differences between vegetative and reproductive 

apices are in their different patterns of grONth. Grcwth in the vegetative 

apex is normally indetenninate, whereas in a reproductive apex, grcwth is 

detenninate (243). 

During the grcwing season of woody perennials, buds are produced 

tenninally on a long or short shoot (spur), or laterally (axillary) in 

the axil of a leaf. These may be either vegetative or floral (sirrple) 

and/or mixed. There are no leaves associated with the flowers of sinple 

buds although the bud scales may expand and persist as in the cherry (58). 

Within a mixed bud, fla.vers may be arranged terminally or laterally. The 

type and position of floral buds are generally characteristic of that 

species. Fla.ver buds on apricot, plum, peach, cherry and alrrond are 

sinple and are borne laterally on new shoots and, to varying e..xtents on 

spurs. A sing le bud may produce one flo.ver (peach, apricot and alrrond) , 

one to three flcwers (pl1.ID1) or m:Jre than three flo.vers (cherry). Apple 

and pear flo.ver buds are mixed and usually found terminally in shoots or 

spurs but may be lateral on shoots. On expansion, buds produce leafy 

shoots which tenninate in fla.vers. The quince is similar, but, on bud 

expansion a single flower instead of a cluster is produced at its apex. 

Flcwer buds of the Chinese gooseberry, Actinidia chinensis Planch. are 

axillary, and flONers are fo:r:rred in the axils of leaves and bracts but 

never in the apex which rerrains vegetative (190). 

vfuile it is possible to categorise the flONering 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 fla.ver buds of citrus may be produced laterally or 

terminally and may be simple or mixed, with flcwers either terminal or in 

axils of leaves or bracts (157). Grape flower buds are mixed buds that 

are fo:r:rred fran lateral buds on shoots of t.l-ie current season. Fla.ver 

clusters appear to be lateral but are initially fonred terminally, and, 

while still in the bud, they assume a lateral position by the developrrent 

of a subtenninal axillary rreristern. 

The timing of fl~ver initiation, which varies between species and 

cultivars is largely controlled by internal factors (69,99), but may be 

nodified by the external environrrent (159,217). The observed time of 

flONer initiation, as reported by various workers varies depending on the 

criteria used to describe the change to t.~e reproductive condition (6,99, 

135,256). MJreover some \t;)()rkers refer to inflorescence initiation, and 

others to flONer initiation processes which may be separated by an 
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interval eg., several weeks in apple (99) and several months in grape (330). 

In most deciduous fruit trees,flc:wer bud initiation usually occurs in 

mid to late surrmer, 6 - 12 months prior to bloom, when the bud has 

completed much of its develop:nent. It is generally associated with the 

cessation of shoot grcmth and leaf expansion. (30,32,58,99,207). Fulford 

(99)observed that flc:wer initiation in apples was intirrately related to 

the pattern of bud developnent and occurs after several bud-scales of the 

tenninal bud have been fonned, and when the leaves preceding the bud 

scales were fully expanded. Generally, flc:wer initiation for stone fruits 

is later than that for pare fruits (30,32). 

In contrast with pip and stone fruits, flc:wer initiation in the grape 

vine is not connected with a cessation of shoot grc:wth (183). Inflorescence 

initiation generally conrrences in mid surrrrer (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). !vbst 

workers (29,33,183,285,330), state that flo;vers are initiated on the 

already fonned clusters in the spring, but a few report a large proportion 

of floral rreristerns f onning sepals in the surrmer preceding the season of 

flc:wering (6,14). 

Compared with terrperate deciduous fruit trees and vines, the tine of 

flc:wer bud initiation in subtropical evergreen fruit trees is late and 

takes place about the corrmencernent of a gro;vth flush only a few weeks 

prior to bl(X)ffi. (1,135,256). As a result it is frequently not possible to 

distinguish between a flc:wer bud and a purely vegetative one before it 

opens, either from its size or position. Like most deciduous fruit tree 

crops, the bloom period is usually in the spring, but in same cultivars 

and in sorre localities this may occur at other tines of the year. In 

California, avocado cultivars of the Guaterralan race normally bloom in the 

spring and early surrmer, whereas many cultivars and seedlings of the 

M2xican race normally bloan in the autumn (271). 

Once the flower primordia are initiated, develop:nent of the floral 

parts takes place acropetally, viz., the order of develop:nent is sepals, 

petals, starrens and pistils. D=velop:nent may be slc:w and interrupted 

(eg., by a winter period) as in most terrperate fruit trees or rapid as in 

citrus and subtropical fruit trees. 

C. GRa\lTH AND FLCJi,q.ERING CHARA.CI'ERISTICS OF ACTINIDIA SPECIES 

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



He described the species as being: 

'Climbing shrvbs, glabrous, strigose or tarrentose, the indurrentum 

of stellate or simple hairs; pith solid or larrellate; bark often 

with linear lengthwise lenticels; winter buds very sffi3.ll, enclosed 

in the swollen base of the petiole. Leaves simple-, alternate, 

usually long-petiolate, serrate or dentate, rarely entire, 

penninerved, the costa usually sulcate, the veinlets reticulate, 

usually in cross bars; stipules minute, obsolete or absent. Flowers 

white, yellc:w, or reddish, polyganous or dioecious, usually 5- or 

4-rrerous, in axillary often pseudournbellate cyrres of few or IlBilY 

flc:wers, sarretirres solitary; bracts generally present, minute, 1 or 

2 at the apex of the peduncles. Sepals 5, rarely 2 - 4 imbricate, 

rarely valvate, free or slightly connate at the base, persistent. 

Petals 5, rarely 4 or rrore than 5, convolute, thin. Starrens 

nurrBrous, in pistillate fla;.vers usually with shorter filarrents and 

smaller sterile anthers; filarrents slender; anthers versatile, 

attached at the middle, reflexed in bud, usually divaricate at 

base, dehiscing lengthwise, yella;.v, brOilrl, or purple. Disc absent. 

Ovary free, supa~ior, to:rrentose or glabrous, ovoid, cylindrical, 

or l:x:>ttle-shaped, many-celled; ovules attached on the central axis; 

styles many (15 - 30), free, persistent, radiating, elongating 

after fla;.vering, the tip stig:rratic, excurrent; rudirrenta:r:y ovary 

in staminate flcwers very small, with minute styles. Fruit a 

berry, glabrous or sorretirres hairy, glolx>se or oblong, spotted with 

lenticels or not, containing raphides. Seeds nurrBrous, sID3.ll, 

biconvex, oblong, in:rrersed in pulp; testa cartilaginous, reticulate

pitted, dark when dry; alburrBn copious; 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: 

'Climbing shrubs to Bm.; branches reddish brown, with paler 

oblong lenticels, the young branchlets braNnish-pubescent or 

setose; pith large, larrellate, whitish or yella:11ish. Leaves thin

or thick-chartacious, those of the sterile branches broadly ovate 

to elliptic, very shortly acuminate to cuspidate at apex, tl-iose of 

flcwering 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 rrargins minutely denticulate, the 

teeth produced by tips of veinlets, the upper surface dark green, 

5 
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rrore or less puberulous, rrore densely so on the costa and ne1'.Ves, 

or densely scabrid-hispid throughout, the lower surface very pale, 

densely whitish-stellate-torrentose, the costa veins subconspicuous 

above, raised and distinct beneath, the secondary nerves ab:mt 5 - 8 

per side, strongly patent, straight or arcuate-ascending, anastorrosing, 

the branchlets ending in the rrarginal teeth, the veinlets in 

parallel crossbars, rrore or less conspicuous; petioles 3.5 - 7.5 cm. 

long, rrore or less densely pubescent. Inflorescences in few-

flowered cymes, from axils of fallen leaves, pubescent; peduncles 

about 1. 5 cm. long; pedicels 1 - 2 cm. long; bracts minute, linear. 

Flowers orange-yellow, the staminate slightly smaller; sepals 5, 

sorretirres 3 or 4, ovate-oblong, about 8 - lOrrm. long and 6 - 8 rmn. 

wide, obtuse to acute at apex, brownish-torrentose without; petals 
, 

5, broadly obovate, shortly clawed, rounded at top, about 1.4 -

1. 5 cm. long, 1 - 1. 2 cm. broad; stamens very numerous, the 

filaments filifonn, unequal, about 5 - 10 rrm. long, the anthers 

oblong, 1.5 rmn. long, acute to obtuse at apex, slightly sagittate 

at base; ovary subglobose, about 6 - 7 rrm. across, densely brownish

villose, the styles linear, about 5 - 6 rrm. long. Fruit subglobose 

to ellipsoid, about 3 cm. across, densely brownish-hirsute all 

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

Flowering is reported to be in mid to late slJillITi':?r in Britia."1 (61) 

but in New Zealand A. chinensis regularly flowers in the late spring. 

Little has been recorded on the course of fla.ver development in 

Actinidia species. The only report on the flaver 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. Kolbasina (171) states that 

initiation corrmences during the growing season, and by the end of suirrrer 

there are axillary cones of flowers with undifferentiated floral parts 

in the completely fanned 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 fonred. In staminate inflorescences the lateral 

flowers remain undifferentiated until the apical f la.ver has developed 

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



rapid. In pistillate inflorescences however, the lateral flowers remain 

undifferentiated and finally absciss. 
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Androecial and gynoecial development in staminate and pistillate apical 

flowers is initially the sa:rre but eventually differes. In staminate flo.vers 

the starrens continue to elongate and develop but grCMTth of the ovary stops, 

whereas in pistillate flowers gynoecial developrrent continues but the 

starrens remain underdeveloped with short filaments. By full bloom, which 

is in late spring (171), subsequent developrrent results in flowers that 

are functionally pistillate or functionally staminate. 

D. THE REIATIONSHIP BETWEEN VEGETATIVE AND REPRODUCTIVE GRar?I'H 
AND 'IRE EFFECT OF SHOOT REM'.)VAL 

Seedlings of rrost woody plants exhibit a juvenile period during whic..h 

flowers cannot be induced, and, in rrost tree fruit crops, this delay in 

flowering nay 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 number 

of times in recent years (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 

nay shorten that phase. (12,88,149,166,262,288). 

For breeding purposes and in cCil111ercial 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 treabnents such as girdling, 

freezing, drought, root pruning, excessively heavy chemical treatrrents and 

grafting on to rrature trees or dwarfing root stocks (149,197,262,333). 

In terrperate and subtropical fruit tree crops, once flowering has 

corrrrenced and the juvenile phase is over, a rrore or less regular 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 

obscure, tracer studies have establishec that plant ho:i::rrones play a 

dominant role in determining the direction of rroverrent of organic meta

bolites and in establishment of sink source relationships (197). 

Ant.agonism between vegetative gratrth and fla.ver formation is a widely 

held theory among plant scientists, and certain observations are in agree

ment with this belief. Flower development in t~rate fruit tree crops 
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occurs about the time of cessation of shoot grcwth and leaf expansion ( 31) • 

In biennial bearing trees a :i;:ositive correlation exists between the 

increment of spur grcwth and the percentage of f lo;'1er buds differentiated 

when trees in both the 'off' and 'on' years are considered together (69). 

JJ:Jw light intensity increases internode length and reduces fl0\'1er initiat

ion in apricots (155) • Apple spur mutants, which arise as chance bud 

mutations of the parent cultivar, are used corrmercially and are generally 

characterised by reduced vegetative gr0\'1th! short internodes and enhanced 

precocity (322). A stimulation of fl0\'1er bnd formation along with a 

supression of shoot grd'1th in many fruit tree crops foll0\'1s treatments with 

grcwth retardants (35,82,197,212), and the converse with certain gr0\'1th 

stimulants (31,42,212). 

HO\'lever in many of these instances there is no proof for a close causal 

relationship and a number of observations suggest that the pran::::>tion of 

flcwering is not always associated with retardation of shoot gr0\'1th (180, 

197). For example, grcwth retardants (35,216) and grcwth inhibitors (199) 

prorrote fla.'1ering in various fruit trees without a corres:i;:onding reduction 

in vegetative gr0\'1th. Similarly in apricots, high levels of nitrogen 

increased both flcwer initiation and internode length (156). 

While these observations suggest that fl0\'1er evocation and shoot gr0\'1th 

should be regarded as partially independent processes (197), fl0\'1er 

developnent cannot be considered in isolation fran the rest of the plant. 

The rerroval of the apical region of the grCM7ing shoot (tipping or 

topping) has been used in grapes to increase set and yields (67,68,195, 

265,293). HO\'lever, little has been re:i;:orted on its effects on flower 

developnent. Thorras (293) re:i;:orted that flcwer bud formation was stimulated 

in the Sultana grape by tipping around bloan but in subsequent seasons 

yields progressively declined due to reduced vigour. He and others (see 

195) have concluded that tipping should not be practised as a rreans of 

increasing yields because of its debilitating effect on vegetative grCNJi:h. 

Loomis (195) on a rrore vigorous cultivar hONever obtained increased yields 

over a 5 year period by bloom time tipping. 

Follo;.,ing dama.ge by spring frosts or hail, Antcliff et al. (17) found 

that fruitfulness in Sultana grape buds was higher overall and the distal 

region of the canes was rrore fruitful. However, canes fonred on vines 

damaged by frost or hail much later in the season had fewer fruitful buds 

in the proxi:rral region and a 10\'ler overall fruitfulness. To compensate 

for such tendencies, rrore buds should be left on canes at winter pruning 

(17). Early surrrner pruning of apple trees prolongs vegetative gr0\'1th and 



delays fla.ver bud formation (58). Depending on the maturity of the wood, 

mid or late su.mrrer pruning may cause a f lcwer bud to form at the next 

distal leaf left on the shoot. However, this influence of pinching or 

sumner pruning of shoots does not increase the tendency of other buds to 

beccrne flower buds (58) • 

r:Bcapitation 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 

9 

4 days after decapitation and initiation rapidly follows. However, flower

ing only takes place if leaves are left on the nain stem. These effects 

have been explained in terms of an auxin-f lorigen antagonism or to the 

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

E. 'IRE ROLE OF LEAVE.S AND BUD SCALES A.ND 'IRE EFFECT OF DEFOLIATION 

Leaves are necessary for flcwer fo:rmation and their importance in 

flower initiation has been stressed by many workers (69,103,125,198). 

Although Fulford (99) oould find no evidence for the require:rrent 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) showed that a certain mm1ber of leaves 

·had to have been forrred 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 

treatrrent, results in a reduction of flower bud initiation. 

As well as reducing flcwering with pre-initiation treatrrent, defoliation 

treatrrents during the post initiation period can also curtail effective 

flcwering. In the apple the removal of the expanding spur leaves in the 

spring prior to bloom reduces fruit set and subsequent 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. Rem:::>val of the basal leaves to the leaf adjacent the inflores

cence as soon as they appeared, enabled grcwth and developm2nt of the inflor

escence to take place(224). By pruning to a single inflorescence Mullins(224) 

was able to obtain bunches containing up to 100 grapes within 12 weeks from 

planting. In field grown vines ha.vever, defoliation 2 weeks before bloom 

markedly reduced set by greatly reducing pollen viability (from 38% to 4%) 

as well as upsetting gynoecial develoJ?lUent (328). Both phenomena can be 



explained in tenns of canpetition. I.eaves contribute little to early 

groNth on hardwood cuttings and are importers of photosynthates (224). 

Competition for nutrients and metal:::olites is much greater at that tirre, 
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hence the localised rerroval of leaves eliminates a strongly competitive 

'sink' fran the developing inflorescence. Rerroval of mature leaves ha.vever 

reduces set by rerroving a source of photosynthates. 1"7hile rerroval of 

leaves has a pronounced effect in reducing initiation and later developrrent 

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 rerroved for appreciable initiation inhibition to o:::cur. 

D9foliation and observational studies support t11e theory that the 

influence of the leaf is localised. D9f oliation experiments have sha.vn 

that the inhibition of flower fonnation occurs only in the treated portion 

{125,198). Heinicke (143) has observed in the apple that buds in the axils 

of srnall mature leaves remain small and donnant, or give rise to weak spurs 

which result in a reduced bloom, whereas larger mature leaves usually have 

well developed buds in their axils. As well as leaves, the other 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 flcwers prior to expansion, are forrred 

by the withering of the lamina and petiole of the leaf pr.im::Jrdia. Tney 

·have been shown to be physiologically active and increase in both size and 

weight (3). Abbott (3) and Schneider (270) suggest that they provide not 

only a protective covering to the bud, but also act as a buffer against 

resurrption of groNth. Abbott (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 develop:nent. 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. 

Fran defoliation studies on apples, Fulford (99) found evidence of a 

self regulating system of factors controlling the develop:rent of buds and 

the ability to fonn 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 nutrie.Dt 

supply. Hcwever growth substance and radioactive trace studies have s.'ha.vn 

that those early theories were incarplete (19,254). Using 14co2 on 
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apricot leaves, Minnis (210) showed that the radioactivity noved through

out the plant. Although the radioactivity accumulated to higher concen

trations in the buds than leaves, and values -were generally higher in t.he 

axillary bud of the labelled leaf, other buds sanetirres had higher levels, 

especially when im:rature leaves were treated. Further, the fact that buds 

lacking a subtending leaf accumulated 14c frcrn 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 rretabolites frau the rest of the plant. As well, the 

work on apples by Fulford (97,98,99) indicates that the patterns of bud 

developnent are too precise to be explained solely in tenn.s of nutrition. 

Similarly, post initiation defoliations suggest that results be explained 

on a hormonal rather than a photosynthetic basis (19). 

Endogenous growth substances, which are present in leaves are kna1m 

to play an irrportant role in flONer forrre.tion (see section on role of 

growth regulators). 

F. THE ROLE OF CARBOHYDAATES AND MINERAL NUTRIENT'S 

High levels of carbohydrates in fruit trees have, for a long tirre, been 

shown to be conducive to flONering (69,96,128,133,208,234,291). Further, 

·flONering may be enhanced by treatrrents such as girdling, root restriction, 

root pruning and crop rerroval, which increase levels of carbohydrates in 

the shoot (80,234,249). Conversely, treatrrents which deplete levels of 

carbohydrates, such as leaf rerroval, shading and crop retention, reduce 

the tendency to fonn flONer buds (192,234). 

HCMTever, while much effort has been expended in establishing the role 

of carbohydrates in the flowering process, no evidence has been fo:rwarded 

that they play a causal role. In fact, there is evidence to suggest that 

the initiation of the flONering process rray precede the accumulation of 

carbohydrates and the variations in their levels are rather a consequence 

than a cause of flONering (see 200). Ho;vever, rray workers have produced 

conflicting resulsts. While I.Bwis 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). M.=my workers 
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have reported that if carbohydrate levels had altered following treatnP-.nts 

such as defoliation, shading, girdling or defruiting, their effects were 

srrall in rnagni tude and disappeared before growth resumed in the following 

spring (144,164,175). 

These reports, along with woi"k on forestry trees, which suggest that 

flower initiation may precede the accumulation 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 lo;v. Although this theory has been widely 

accepted, current evidence does not support it. 

Many reports show that application of nitrogen fertilizers cai1 stinulate 

flowering in deciduous (13,40,41,58,78,323,325) as well as evergreen (79) 

fruit trees, and that flcwering is favoured by high nitrogen levels in 

tree shoots and buds (234). 

As well as species differences, the type of nitrogen supplied and its 

tine of application in relation to the growth phase of the tree have been 

shONl.1 to be important and explains much of the confusion existing in the 

literature on its effects on growth and flo;vering (78,114,156,327). 

Generally spring applications of nitrogen do not affect flower fo:rrration 

(78), while late sunmer application (post initiation) results in stronger 

ID'.)re 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 \\Tith 

levels applied (90,91). Reduced flower bud fonration reportedly has 

resulted frcm various nutrient deficiencies (40,41,307). 

G.. THE ROLE OF THE REST PERIOD AND 'IHE EFFECT OF TEMPER~'IURE 

As 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 donrancy and rest have been 

reviewed on a number of occasions in recent years (266,302,313). Samish 

(266) defines 'bud donrancy' (or quiescence) as the condition when gro;vth 

is stopped by unfavourable external conditions such as cold temperature, 



and 'rest' when gro;,rth will not proceed noi.'Tilally even in a favourable 

enviroJ.lffi3l1t and is due to internal factors. 
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In deciduous fruit trees the onset of rest in the buds takes place 

acropetally along a lateral and occurs about the t:i:rre the leaves subtending 

them beC0ID2 fully expanded (58) • Before the onset of 'rest, lateral buds 

do not grow due to a correlative inhibition .inposed by the shoot apex 

(apical dominance), the leaves subtending those buds, or both (58). Tne 

rerroval of .inposed correlative inhibition by defoliation, decapitation, or 

both, has been used to detennine the time of onset of rest in spur and 

shoot buds (58,255). 

For :rrost deciduous trees it has been shovm that rest is due to a 

chilling requirement which must be satisfied before the buds will burst 

nor:mally (60). Species and cultivars vary in their d1illing requirements 

to tenninate rest. Generally grapes and some peam cultivars have a low 

requirement, while apple and pear cultivars have a high requirement. 

Insufficient milling, whim occurs in :many fruit growing areas wit-h mild 

winters, leads to serious disorders collectively tenned delayed foliation, 

whim ITBY rrake ccmnercial 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 

flaNers ITBY have defonned female parts and a low pollen viability (282). 

When the percentage of defonred flowers is high, fruit set and yields will 

be poor (268). Further, such conditions lead to an early decline of the 

tree (268). 

For ITBnY cultivars, particularly peaches and apricots, the amount of 

chilling needed has been determined, and the region in which they can be 

grown with a reasonable expectation of success have been defined (267). 

Chandler ( 60) , quantified the tenn ' chilling requirement' where it was 

used to mean the total arrount 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 bel<JV..7 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 donnancy and oppose the positive 

effect exerted by low temperatures (36,237). In some species other 

temperatures eg., 6.0°c in peam (84), have rnaxiJrB.l rest-breaking effect 

with a decline in efficienc-y as the temperature manges in both directions 

(268). Temperatures approaching freezing, result in decreased efficiency 
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(see 84). Further diurnally fluctuating terrperatures can enhance the 

tennination of rest ( 84) • Because the tennination of rest follows an 

optimum curve, 'weighted chilling hours' instead of the general 'chilling 

hours' have been proposed as a chilling rreasurerrent criterion (84). 

The responses to chilling 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 requirerrents 

between flower and leaf buds within one cultivar, with vegetative buds 

usualJy 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 endogenous growth 

substances; simply, rest being imposed by a build up of inhibitors and 

tenninated i:.1.rhen inhibitor levels fall and/or growth pranotor levels rise. 

Light also affects the rest period. Early investigators rrentioned 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 requirerrent seems to be related to the phytochrane 

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 IIBterials 

have been used conmercially to break rest in fruit trees (84,282). Such 

corrpounds include dinitroorthocresol (INOC), winter oil (sometirres fortified 

with INOC) and thiourea. Several workers have also reported positive re

sul ts with G[I,, (306) and cytokinins (315,321) although in some species, eg., 

in the grape, G[I,, delays bud break (314). 

A.swell as influencing dormancy, temperatures can directly influence 

flowering. In the grape the rn.mlber of flowers initiated in the bud was 

closely related to the TIBXirrrurn temperature recorded over a period of 4 hours 

per day (rather than the terrperature sUIT111Btion) during a 3 week period 

before the apex of the bud changed to the reproductive condition ( 49 , 50) . 
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Little initiation occurred at 13°C, but increased to a maximum at 30 - 35°c. 

(Higher tenperatures were not tested.) Hcwever, once initiation had 

occurred, there was little appreciable affect of temperature on fruitfulness 

(51). Similarly, apricots gro;vn under controlled environm::nts initiated 

rrore flowers at higher (24°C) than lower (16°c) temperatures (210). 

Flcwering in some fruit trees hO\vever is favoured by lcw temperatures. 

'Ihe olive has an obligate requirement for low temperatures (125,169). 

Hcwever, winter chilling is not essential for the resurrption of vegetative 

grcwth (136). 'Ibis situation is ccrnpletely different from nnst fruit trees 

where flo.ver initiation takes place in the previous sll!11'.lBr and the winter 

chilling period serves only to overcx:me the rest period of buds (139). 

In the olive, controlled terrperature environments shCM'ed that flowering 

was completely inhibited above 16°c (124). Diurnal temperature fluct

uation nndifies the response (22) and the length of the chilling period can 

be influenced by temperature (126). Further, incanplete chilling results 

in aberrant develop.Tent with a large proportion of blooms with small non

functional pistils. Low tenperatures favour pistil developrrent (22) • 

'Ihe chilling response is restricted to the stem and buds only, and to the 

portion of the tree exposed to the lcw temperature. 'Ihere is evidence 

that therroinduction in the potential flCM'er buds of olive, is accompanied 

by an increase in gibberellins and a reduction in inhibitors while there 

·is little change in honnone levels in potential vegetative buds (23,24, 

140). Citrus also have a la# temperature requirement and high temperatures 

will inhibit flowering (147 ,219). :t-bss (219) has stated that at least 4 

weeks of inductive cool temperatures are required to initiate flo.vers. 

'Ibis was a quantitative rather than a qualitative effect as, in the field, 

such conditions would not be limiting. 

H. THE ROLE OF HORM'.)NES AND THE EFFECT OF APPLIED GRON'IH REGUIA'IDRS 

'Ihere is little doubt that the flcwering of plants is under chemical 

control since qualitative and quantitative changes of plant gro.vth 

substances cccur during flo.ver induction and development. However, which 

changes are the cause and which are the result of flowering, have not been 

established. Largely due to the variation between species and cultivars 

in flo.vering behaviours, the classic concept of a specific flowering 

hormone (florigen), prcxluced in the leaf and received in the bud, has 

never been popular in polycarpic plants. 'Ihe flO\\rer forming process is 

no.v 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 detennined by the horrronal balance 

at the initiation site, but would also be rrodified by nutritional and 

envirorirrental factors. Much effort has been expended in trying to charac

terise the regulators involved in the fla;..;ering process and has follo:.ved 

two main courses, viz. by follo.ving the level of endogenous horrrones and/or 

by studying the effects of applied gro.vth regulators. 

Fran such studies, all classes of regulators have been implicated in 

the flo..vering process although their precise role is not always clear eg. 

in many long day rosette plants and some conifers, gibberellins markedly 

and consistently pranote flo..vering (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 flo..vering. In fruit trees, it has been postulated that 

flowering may only follo.v a reduction of endogenous gibberellins (111,197). 

The other classes of growth regulators are less consistent in their 

effect on flo.vering. Various auxins have reportedly pranoted flo..vering in 

the olive (23) litchi (274) as well as the pineapple (see 179), with a 

correlated reduction of vegetative gro..vth. Triiodobenzoic acid (TIBA), a 

supposed auxin antagonist pranoted flowering in apples (83,116), citrus 

(167,216) and grapes (see 167). Further benzothiazole-2-oxyacetate (B'IOA) 

a canpound with a structure similar to IAA, stimulated flowering in SOID2 

·citrus cultivars (216,217). It was thought to be an anti-auxin and acted 

in a way similar to drought, lo..ver temperatures or 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 

flo..vering process they are effective in releasing lateral buds of apples 

fran donnancy imposed by the tenninal bud, and in breaking of winter 

dormancy (62,244,324). 

Various inhibitors have been isolated in plants and have been 

implicated in the flo;..;ering process either directly (88) or indirectly by 

their influence on rest (313). In the olive abscisic acid (ABA) inhibits 

flo..vering (23) and levels of ABA and other inhibitors alter in buds during 

floral develoµnent (24). 

Various gro..vth retardants affect, sorretirres spectacularly, the gro;.,th 

and flowering of fruit trees. As well as reducing the juvenility phase 

(35), they rnay 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 flo:.vering by 

delaying bud break (35,83,120,121,290). 
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There is sane evidence that the retardants can act directly on 

flo:.-Jering as bloc:m can be markedly increased without an appreciable effect 

on shoot grcwth (35,74). The node of action of grcwth retardants has not 

been fully determined as they can affect aspects of auxin (63,178,258,263), 

gibberellin (56,77,165), and cytokinin (279) metabolism, as well as inter

acting with sterioids (240). Others postulate retardants act by altering 

the levels of basic netabolities, which in tUD1 influence grcwth regulatory 

substances, and in tUD1 modify grotJth (5). 

I THE ROLE OF LIGHT AND THE EFFECT OF SHADE 

Most fruit trees are considered photoperiodically day length neutral. 

(48,58,216). Although flCJ1Jer 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 flavering was not eliminated in short days. 

While M::>ss (219) has shavn that the sweet orange was insensitive to day

length at lCJIJ temperatures, Lenz (186) indicated sane photoperiodic response 

at rroderate temperatures. As the delay in flCJ1Jering increased as the photo

period increased, the reported lack of response under longer photoperiods 

may have been an artifact and flavering may have occurred if the experiment 

had not been terminated. Field observations shov1 that f la;vering can occur 

during the long days of SUITl!TEr (186). 

There are many reports shaving the effect of different light intensi

ties on flaver initiation. In the apple (142,239), apricot (155), peach 

(175) and grape (26,52,205), la,.; light intensities resulting fran shading 

experiments, naturally by cloudy weather or within the tree canopy, have 

been sho:,.;n to reduce or prevent flower bud formation. Further, fruitful

ness in grape vines have been related to the number of hours of bright 

sunshine during the time of inflorescence initiation (125). 

'Ihe time, duration and intensity all influence the effect of shade on 

flo:,.;er developnent (205). In the grape, only heavy shading (73%) 

significantly depressed yields (205). .May and Anticliff (205) sh()V.Jed that 

heavy shading, over a critical period of at least 4 weeks between early 

November and mid D2cember (about t.11e time of inflorescence initiation), 

was required to significantly reduce vine fruitfulness (number and size 

of infloresence) the follo:,.;ing year. 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 nmslin cloth) applied 

earlier (at bloc:m, ie. prior to evocation, compared with around initiation 

for grapes) for a shorter period (2 weeks) severely depresses fl()V.Jer bud 



formation (239). Five weeks shading (80%) fran, 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 treabrents, extended to the second year~ further 

reduced blossa.~ and set (20). 
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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 develoµnent 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 (299). 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 docurrented on the effects of light on endogenous 

grCNlth 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 Fiai!ER DEVEIDPMENI' 

Other factors, sorre 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 (104,229). In Sicily and Israel 

such a technique is used cormrercially to obtain out-of-season lerrons (see 

217). Water deficiency during floral developrrent however may reduce the 

flowering potential (44,138). 

'Ihe rrechanism 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). 

II THE EFFECT OF GIRDLING 

Girdling (or cincturing) has been used to help determine the time of 

flower evocation in a number of fruit tree crops (1,21,58,103,105,125,330), 



to reduce the juvenile period (58,69, 74,232) and to stimulate fla-1ering 

(61,232,296). 
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Iri the olive, girdling, just prior to evocation increases the percentage 

of perfect flc:h'lers, fruit set and yeidls (134). 'Ihe long tenn effects of 

girdling are generally deleterious largely di....ie to effects of increased 

cropping (294) • 

III THE EFFECI' OF THE CROP 

The presence of fruit on the tree strongly influences flc:h'lering 

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 helped minimise 

biennial bearing (69,70,141,235,236), as have growth regulators (see 

section on growth regulators, above), and judicial pruning to maximise 

the leaf:fruit ratio (137). 

Biennial bearing has been explained solely in terms of carbohydrate 

reserves (161,236), but this theory is incorrplete as carbohydrate 

reserves do not always follow crop levels (189). It is n0t1 accepted that 

the problem is largely horrronal in nature (57,99,197,220) as the crop, 

particularly the seeds, are rich in grCh'lth substances (64). 

IV 'IRE EFFECT OF GRAVITY 

It has long been clairred that the horizontal training of fruit trees 

checks vegetative graNth and pranotes flc:wering ( 110 , 129, 29 8) • Ha.'1ever, 

there is evidence in the apple to the contrary (162,194). Further, in the 

grape (201,204) and apricot (210), vertical gr0tlth tended to enhance 

f lo;.ver forrration. 

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 dep:='__ndant. 



Chapter 2 

MATERIAL AND METHODS 

A. INTRODUCTION 

Little has been presented in the literature on the develoµnent of 

flCM"ers of the Chinese gooseberry, or on factors which may influence this 

process. Accordingly information was sought, on 3 aspects: The rrorphology 

of flaNer developrrent; flCM"er distribution on different vines; as well as 

the effect of various environrrental factors on flCM"er development. 

Experirrental work on the physiology of flCM"ering 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 sarre flowering and fruiting characteristics as field gra.vn 

fruit trees or vines, but which are more easily handled in the glasshouse 

or gre»1th room (9,11,47,107,185,224,285). A rrethod, devised by Davison 

(72) using dormant hardwood cuttings to investigate the physiology of 

flCM"ering in Chinese gooseberry was used and is described. 

As well as cuttings, field grCM"n vines were also used for investigations 

of factors influencing flCM"ering. 

B. EXPERIMENTAL PLOTS AND SAMPLING TECHNIQUES 

I EXPERIMENTAL PLANTINGS 

Experirrental vines were selected from a conmercial orchard gro;ving at 

Kurreu, Auckland. The planting consisted of rnature 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 numbers of Bruno (7 vines), an unknCM"n cultivar, possibly Abbott 

(14 vines), and 14 unnamed staminate vines. From the overall grcwth 

habits, it was established that the staminate vines consisted of clones 

and one, consisting of five vines, was selected for observational studies. 

This was tentatively narred Alpha (see Ch.6). Studies were also carried 

out on the Hayward cultivar. 

The D.S.I.R. Fruit Station at Oratia, Auckland was also used as a 
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source of Jvbnty wood as well as for the flower distribution studies on the 

narred pistillate and staminate cultivars. The Chinese gooseberry block, 

established in the 1950's, is a collection of naned ca:rrrercial cultivars 

(227). All the mrin pistillate and staminate cultivars are present, and 

are trained along single, or 3-wire fences. 

II SAMPLING TECHN'IQUES AND PARAMETERS RECORDED 

(a) Flower developrrental studies (1971) 

Samples were obtained from Hayward and Alpha growing at Kumeu. From 

mid August (19/8/71), sampling was carried out at weekly intervals until 

close to full bloom, except for the period around 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 

random, were cut just past the second node from the last fruiting stalk. 

laterals were approxinB.tely 6-8 nodes long for Hayward, and 13-20 nodes 

long for Alpha. In early September (10/9/71), approxinB.tely 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 beca:rre apparent around bud burst that sorre 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. 'lb ensure enough buds (shoots) for later 

samplings, extra shoots at a similar stage on neighbouring laterals, were 

also tagged. From bud burst onward, approxinB.tely 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 sample date the following para:rreters were 

recorded: The number, size and character of each leaf or leaf prirrordium, 

the direction of the phyllotactic helix, the length and basal dia:rreter of 

the shoot, and the type, stage and d.irrensions of each axillary structure. 

(b) Field experimental studies (1971) 

A number of treatrrents, graphically set out bela.v, were applied to 

Hayward shoots on laterals comparable to those used in the flower develop

ment study. A number of defoliation, shading and tipping treatrrents were 

applied prior to bloom (I,II,III,IV). All treatments were sampled close 
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to bloom (B) but sorre were subsarrpled earlier, approximately 30 days after 

bud durst (dabb.) (A). 

50% and 100% Shade 

I 1 dabb. 

II 15 dabb. 

III 22 dabb. 

------.--A-' (-29-da_b_b_. )---lr4 dabb.) 

50% and 100% Defoliation 

I prior 

II 10 dabb. 

III 17 dabb. 

IV 24 dabb. 

A(31 dabb.) B (54 dabb.) 
r- ------ -------------- - - - - - - - ----""l 
I I 

L ___ I I 

Tipping 

I 12 dabb. 

II 19 dabb. 

III 26 dabb. 

,___--.---A....__I (-3-2 _d_ab_b_._)-------lrsg dabb. i 

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 raridom were 

planned for each sarrple. 'IWo treatrrents were applied on each lateral to 

minimise the quantity of wood rerroved: All shading treatrrents were applied 

on the tenninal portion (approximately nodes 6-10) and defoliation and 

tipping treatrrents 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 to maximise bud burst. 

Defoliation 

Shoots (buds) were continuously defoliated. Defoliation prior to bud 

burst entailed the rerroval of the outer 10 scales and leaf prirrordia. 

Using a pair of secateurs the corky protection around the bud was rerroved, 

and using the thumbnail and forefinger, the outer scales and leaf prirrordia 

were cleanly broken away. Using 10 xs eye piece, any of th.e 10 outer leaf 

prirrordia rernctining were amputated with a scalpel. The operation was 

carried out on an overcast day and the whole bud was covered with grease to 
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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 corrmencing 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 cm. (for sample A) or 30 x 70 cm. (for sample B) 

were made from single layers of plastic meshing of 40-44% absorbance (light 

or 50% shade) or black Italian cloth of 99% absorbance (heavy or 100% shade) 

as measured spectrophotorretrically at 200-700 rnillimicron 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 

shoots from being damaged. 

Tipping 

Tipping involved the rerroval of the apical one centimeter of the shoot, 

which included only the tightly folded apical bud. 

A rrore extensive experin:Bnt was planned for each treatment but had to 

be rrodified 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 

number of suitable shoots per lateral was lcwer than required, comparable 

shoots from neighbouring laterals were also tagged at this stage for later 

use. 

On sampling (rerroving the treated shoots from the laterals) shoots 

were stored in polythene bags at 4°c until they were recorded. For each 

treatrrent and sample date, the same parameters (where applicable) used for 

the flcwer development study, were recorded. As well, for all defoliating 

treatmEmts, the number of leaves rerroved on each date (twice weekly after 

the treatrnents corrmenced) were recorded. 

(c) Single node hardwood cutting studies 

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

Approximately 100 potentially fruiting laterals, taken on September 
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14th, fran Hayward vines grcwn at Klfill2u were used to TIBke 160 uniform 

single ncde cuttings. Each cutting was about 15 cm. long. The top was 

clean],y cut approximately 2 cm. above the bud and covered with grease to 

prevent drying out. Any lONer buds which were present were amputated with 

a scalpel and the wound covered with grease. Tne cuttings were stored at 

4°c overnight. cuttings were removed from the cooler the folle»7ing day, 

the base angle cut and placed in test tube racks sitting in trays of half

strength Hoagland's solution to a depth of 5 cm. in an unheated, unshaded 

glasshouse (Fig.25). To prevent the grONth of algae in the light exposed 

trays, black polythene sheeting was laid over the lONer 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 belO\v were applied to 

the resulting shoots. Ten replicates (cuttings) were used for each 

treatment. 

The treatments were: 

(i) 

(ii) 

(iii) 

(iv) 

(v) 

50% 
II 

100% 
II 

II 

continuous 
II 

II 

II 

II 

defoliation 
II 

II 

II 

II 

starting 5 dabb. 
II 10 II 

II prior to bb. 
II 5 dabb. 
II 10 II 

(vi) 50% continuous shade starting prior to bb. 

(vii) 

(viii) 

(ix) 

(x) 

(xi) 

(xii) 

100% II 

Tipping at 
II II 

II II 

II II 

II II 

II II II II II 

5 dabb. 

9 II 

13 II 

15 II 

17 II 

Except for the 50% and 100% shading treatments, the 10 racks contained 

one cutting of each treatment distributed at random. The 50% and 100% 

shading treatments, of necessity, were in separate racks; the forrrer i..ri a 

wire cage covered with the sarre plastic ID2shing as used in the field, the 

latter under an inverted cardboard box covered with black polythene placed 

under the glasshouse bench. 

Data was recorded frcm the controls at 5, 7, and 20 dabb., and all 

treatments, including the controls, were destructively saiupled at the first 

signs of the buds withering (approximately 25 dabb.). Apart frcm the 

shading treatments, operations were generally similar to those carried out 

in the field. The pre-bud burst defoliation was executed under a binocular 
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miscroscope using a scalpel. Once corm:enced, 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 dirnensions of the open leaves, 

and the length of the shoot were recorded. For the destructive sanple at 

approximately 25 dabb., the sarre parameters used for the field treatments 

were recorded on each treatment as well as the controls. 

(ii) Chilling treatments (1972) 

A preliminary study on single node cuttings (from 1'-bnty vines), 

prepared as previously described but, taken in mid April (12/4/72, 2 months 

before leaf fall) and placed in continuous light at 25°c, shewed that it was 

possible to force them into growth. On that finding, an experirrent was 

devised to test the effect of chilling on flcwer bud growth and develop:rrent 

at different sample dates. 

Four chilling treatments (10, 20, 30 and 40 days at 4°C) plus control 

were planned for every 21 days colTlflEI1cing early :M3.y (2/5/72) using the 

cultivars Hayward and Alpha from Kumeu, and 1'-bnty from Oratia. 

All sample dates for 1'-bnty were seven days later (ccmmenced 9/5/72) 

than for Hayward and Alpha. At this tirre leaf fall had not yet occurred. 

Five cuttings per treatrrent were used, ie. on each date 25 cuttings per 

cultivar were prepared from potentially fruiting laterals. Each treatrrent 

was placed in separate beakers containing distilled water and stored at 4°C 

(in a polythene bag to prevent desiccation) for their allotted ti.ne and 

then placed in a 25°c growth room under continuous light. 

After the third sample date it was noted fran earlier records that it 

would be advantageous to include a 50 day chilling treatrrent. Hcwever, it 

was not possible to implement 5 chilling treat:rrents (A, B, C, 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 treab:nents, ie. treatrrents lE, 2D, and 3D were 

emitted. 

Sample dates (1-7) continued until just prior to bud burst (last 

sample date 5/9/72 for Hayward and Alpha and 12/9/72 for MJnty). 

For each cultivar, sample date and treatment, the number of days when 

half the replicates reached the stage of bud burst (Fig. 3), the pc._rcentage 

of buds that burst, and the character and dimensions of the structure in 

each reproductive axil were recorded. 
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(d) Flcwer 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 compared with the only two named staminate cultivars 

which were growing at Oratia. 

On the same basis, a conparison was also rnade between the important 

corrmercial pistillate cultivars. All pistillate cultivars chosen for this 

survey were growing at Oratia. 'Ihese observations were carried out during 

the blossom period (late November) 1971. For each vine, the number of 

flcwers in each flo;.Jering axil per shoot were recorded, as was the ratio of 

the burst shoots to the total number of nodes for each lateral. Also, the 

rate of flo;ver opening for the staminate vines were conpared with the 

Hayward cul ti var gro;.1ing at Kumeu. 

'Ihe percentage bud burst parameter gave an indication of the number of 

flcwers per vine, and was based upon the assumption that all shoots along 

a lateral were fruitful, and to the Sam2 extent. Analysis of this on the 

Hayward cultivar (Table 2), as well as observations sho;.ved this to be the 

case, except in two situations. Reduced or non-fruitful shoots arise when 

bud burst occurs at a tine later than the normal spring burst (Fig.14), and 

when shoots arise from basal axillary buds along a lateral (Fig.15), or 

frau adventitious buds on the stem or trunk (water shoots). Tnese were not 

included in the data and hereafter, percentage bud burst per lateral refers 

only to fruitful shoots. 

As the a:rrount of wood furnishing each vine varied it was not always 

possible to have the Sam2 mnnber of shoots or laterals (replicates) per 

vine. Further, it was not possible to have the Sam2 number of vines per 

cultivar. 

III TERMINOu:x;y 

'Ihe follcwing terminology, relating to the flatJering characteristics 

of the Chinese gooseber:ry 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, 

corrmencing fron1 the node irrmediately past the most distal flowering axil. 

Axils on shoots are numbered acropetally conmencing from the lowest 
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(outenrost) bud scale. 

The Chinese gooseberry inflorescence is potentially a canpound 

dichasium and 2°, 3°, or 4° laterals are used to characterise the order of 

lateral flaNers present (see Fig.17). 

'Bud burst' is that stage of early shoot developnent vmen the shoot 

(vmich is still enclosed within the outer bud scales) emerges from the 

corky tissue that surrou.nds the bud. For descriptions of stages of early 

shoot developrrent see Fig.3. 

The tenn 'days after bud burst' occurs repeatedly and has been 

abbreviated to dabb. 



Chapter 3 

THE COURSE OF FLOWER AND SHOOT DEVELOPMENT 

A. INTRODUCTION 

Little has been recorded on the develoµrent of floral buds in Actinidia 

species apart from the report on inflorescence developnent in A. kolomikta 

by Kolbasina(l71). 

In the present report, develoµrent of the flower buds of Chinese 

gooseberry for one growing seaon (1971/72) is described. The rrain corrrnercial 

cultivar Hayward, as well as the staminate clone Alpha, both growing at 

Kurreu, were used for this study. 

At the sarre tirre, details of the correlated vegetative developrrent are 

noted and these will be described first. 

In this account the develoµrent of the new bud on a current seasons' 

shoot up to the winter rest period is described. Subsequently the bud 

burst and shoot grcwth in the following spring is detailed, as is the 

develoµrent of its axillary flcwers. 

B. EXPERIMENTAL OBSERVATIONS AND RESULTS 

I BUD GRCWIH 

(a) Bud developrrent 

Chinese gooseberry buds are mixed buds, that is, both leaves and 

flowers develop from the same bud. Buds generally fo:r:m on a current shoot 

in the axils of the leaves distal to the last flowering axil. 

Leaf prirrordia first began to initiate in the lowest leaf axil (ncx:le 1) 

at the tirre of bud burst (Fig. la) of the current flowering shoot. The 

production of leaf prirrordia was rapid, the plastochrone in the phase to 

full bloom being approxirrately 4 days. Characteristic lanate hairs 

densely coat the outer (lower) bud scales and leaf prirrordia soon after 

their initiation. Leaf prirrordia in b'1e second ncx:le (distal to the last 

flowering axil) were initiated approx:illiately 3 days after ncx:le 1 and 

generally contained one fewer leaf prirrordia at each sample date (Fig.la). 
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By full bloom, approyJinately 13 leaf prirnordia for Hayward (10/11/71), and 

14 for Alpha (18/11/71) were present (Fig.la). By this ti.Ire also, the 

outer (lower) prirnordia had becane scale-like in size and shape, but had 

not becane suberised. Leaf prirnordia continued to be produced rapidly 

until mid sum:rer when production virtually ceased. By the end of January 

(24/1/72), 19 leaf prirnordia were present in Hayward buds, and the 3 

lower (or outer) leaf prirnordia had becorre buds scales (Fig. lb). 'Ihrough

out late smrmer further bud scales v..Bre fonned. 

In the axils of the newly fonred outer bud scales and leaf prirrordia 

of the new bud, further buds, termed basal buds, were initiated. 'Ihese 

were first initiated in early November, approximately 40 days after bud 

burst (Fig. la) . For Hay-ward, this occurred when 10 leaves and leaf 

prirnordia had been initiated in the new bud, and for Alpha when 12 

leaves or leaf prirnordia had been initiated. 

Basal buds occurred in up to 5 (Hayward), or 3 (Alpha) axils on a 

shoot and, by full bloom basal buds themselves contained 3 (Ha_yward) or 2 

(Alpha) leaf primordia. Development of these buds continued slowly over 

the sunmer. As well as the basal buds in the outer (lower) axils of the 

developing bud, further rreristems developed in the inner axils. 'Ihese 

rreristems increased in size throughout the season but rerrained uninitiated. 

(Fig.11). 

(b) 'Ihe winter bud 

By winter, the bud contained up to 22 leaf fo:r:ma.tions (average 19 for 

Hayward, and 18 for Alpha) inserted in a spiral sequence. In Hayward, these 

consist of 3 - 4 bud scales, 2 - 3 transition leaf (semi-scale semi-leaf) 

and approximately 15 leaf prirnordia. In Alpha, these consist of 2 - 4 bud 

scales, 2 - 4 transition leaves and approximately 15 leaf prilrordia (Fig.2). 

The actual numbers 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. Approxinute dirrensions of bud scales, 

transition leaves and oldest leaf prirnordia were 4. 3 x 2 .1 rrm. , 2. 8 x 1. 7 

nm., and 2. 0 x 2. 0 nm., respectively. Dense lanate hair coated the outer 

bud scales up to the leaf prirrordium at approxi:m:ttely axil 11. In Alpha, 

these hairs characteristically proti-uded beyond the apical oriface of the 

corkly tissue enclosing the bud (Fig.3). Veins were also visible on leaf 

prirrordia bearing lanate hairs. From approxinBtely axil 12 to the apex, 

leaf prirnordia lacked lanate hairs and showed no veins. The outer two bud 

scales in both Hayward arid Alpha were attached to the side wall of the 



Fig.2 

Leaf prirrordia dissected from the winter buds of Hayward and Alpha 

A Hayward, leaf prirrordia 1 - 16 

B Alpha, leaf prirrordia 1 - 16 

c Hayward, detailed 

(a) bud scale 

(b) transition leaf 

(c) unfurled leaf 

(d) unfurled leaf 

(e) leaf prirrordium 

(f) leaf prirrordium 
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corky covering which almost completely surrounds the bud, and arose away 

from the m:rin central axis. These outer tvvo bud scales were a].m:)st 

opposite each other and were always positioned in a plane at right angles 

to the lateral. The dia.rceter of the winter bud, enclosed in the swollen 

base of the petiole, was up to 8. 5 nm. 

Basal bud development, w'nich continued over the gro;.ving season in the 

outer axils of the new bud, was nnre advanced in Hayward than in Alpha. 

There were nnre axils containing such buds in Hayward, and each basal 

bud contained TIDre leaf pr.irrordia. The outer (lo;.ver) two axils contained, 

on the average, 9 and 6 leaf pr.irrordia respectively in Hayward (Fig. 24) , 

and about 3 and 1 leaf pri.rrordia in Alpha. By winter, the outer leaf 

pr.irrordia of the basal buds in the outer two axils were suberised and had 

lanate hairs on their outer surf ace similar to the leaf pr.irrordia of the 

current years 1 bud. 

In the winter bud, apart from the basal buds in the outer 2 - 3 axils 

of both Hayward and Alpha, the axillary rreristerratic areas in the inner 

(higher) axils remain uninitiated (Fig.24). These uninitiated meristematic 

dorres varied in size; increasing from 3. 0 x 1. 5 nm. , at axil 5 to a maximum 

of 4. 0 x 2. 0 nm. , at axil 8, and then decreasi.ng gradually to axil 12 where 

the danes were no longer visible. These meristerratic dorres were also a 

lighter colour than the predaninately translucent green of the surrounding 

tissues. 

II VEGE'm.TIVE GRCWIH 

(a) Bud burst 

The first indication of renewed gro:Nth of the winter bud was evident in 

late September at bud nnverrent. 'Bud swell' in Alpha was approximately 5 

days ahead of Hayward (25/9/771). Bud burst was es~ted to have taken 

place 5 - 6 days after bud swell (Alpha 25/9/71, Ha:-zward 1/10/71) and, 

after a lag of 10 days, the leaves unfurled ( 1 open cluster') . (For 

descriptions and tines of early shoot developmental stages recognised, 

see Fig.3). Later shoot developrrent stages were identified by the number 

of days after bud burst (dabb.). 

Particularly noticeable in Hayward was the large proportion of buds 

which failed to burst; only approxim:ltely 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 approxim:ltely 10 - 15 days. Cbservations 



Fig.3 

Shoot bud developrrent, fran the 'donrant' stage to the 'advanced 
open cluster' stage. 

A Hayward (Pistillate) 

B Alpha (Staminate) 

d donrant 

bs bud swell 
' 

abs advanced bud swell 

bb bud burst 





Fig.3 

Shoot bud developrrent, from the 'dorrrant' stage to the 'advanced 
open cluster' stage. 

A Hayward (Pistillate) 

B Alpha (Staminate) 

abb advanced bud burst 

oc open cluster 

aoc advanced open cluster 





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 

(i) E2'.tension growth 
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From the tirre 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 cm., 

at approximately 20 dabb. (Fig. 4) • From this tinE however, some shoots 

tenninated their extension growth following apical bud d9siccation and 

abscission (Fig.6). The reason for this detenninate type of grcwt.h is not 

known as all shoots chosen were in similar positions on the lateral and 

at similar stages of .development when they were tagged at bud burst. 

Non-detenninate shoots reached a length of 40 - 50 cm., by full bloom 

and detenninate shoots an average length of about 20 cm. (Fig. 4) • 

General observation 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 tenninal bud formation was also observed. On termination 

of extension gr0trth the apical bud only, or the tenninal portion of the 

shoot desiccates and abscisses (Fig.16). 

(ii) 'Ihickening growth 

OVer the period to full bloom, the diameter at the base of the growing 

shoot increased to about 7 nm. (Fig. 5) . By winter the basal diameter of 

the shoot (lateral) reached 8 - 10 nm. 

(c) Leaf development 

(i) Heteroblastic changes 

'Ihe Chinese gooseberry displays heteroblastic changes in the rrorphology 

of leaves along a shoot. Differences in size and shape were noticeable 

in the winter bud (Fig.2), but became even more apparent after bud burst 

when the leaves expanded (Fig. 7) . 

Leaf size and shape: All leaves remained simple. There was a character-

1.stic pattern of leaf expansion for each axil. 'Ihe lower or outer leaves 



Fig.4 

Non-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 grcwth 

B Determinate shoot growth 





Fig.7 

Heteroblastic leaf development 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 bloom stage) 

top rCJ.f/ determinate shoot, leaves 
5,7,8 and :rrost distal 

bottom rCJ.f/ non-determinate shoot, leaves 
5,7,8,12,13,14 



l 1cm B 

c1cm 

c 



39 

(bud scales and outer transition leaves) made only limited growth and 

abscissed soon 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 an., (see Fig.6 on determinate and non-determinate shoots of 

Hayward) • The leaf breadth rreasurerrent 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 

gr<JV\.th rate slowed until the ultimate size (approximately 12. 0 x 13. 5 an., 

in both Hayward and Alpha) was reached. The length:breadth ratio (shape) 

followed the sarre pattern as for leaf size (Fig.7). From the outer bud 

scales the length:breadth ratio 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: Becarre denticulate, al though the inner transition leaves 

might be entire. 

Leaf and petiole surfaces: As described previously, lanate hairs covered 

the backs of leaves in the winter bud and the young developing shoot. On 

maturing leaves, the lower surfaces becarre covered with stellate hairs. 

The upper surface developed bristles which were limited to the main midrib 

and the later veins. The petiole and stem becarre also covered with 

bristles. 

(ii) Leaf production 

Follo:Ning a lag of approximately 5 - 10 days after bud burst, there 

was sudden rise in the m:miber of opening leaves. The sarre rate of opening 

continued for the next 15 days (Fig.10). Fran approximately 20 dabb., the 

rate was lower but steady until the termination of shoot growth. 
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Changes in leaf lamina growth at each axil along a shoot up to bloom. 
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Rate of leaf opening up to bloom in Hayward arrl Alpha. 
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For extending shoots in roth Hayward and Alpha, there were always 

approximately 14 leaf prirrordia in the apical bud. 

(d) Internode development 

'Ihe internode lengths along a shoot were shrnm to be closely related 
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to the size of the leaf (see Fig.9). Internodes expanded as leaves rratured 

but rerrained srra.11 bebveen leaves that nade only limited growth ie. , there 

was a pattern along the shoot. Internodes at the base were very short, and 

rapidly lengthened to approximately axil 8, and rerrained constant, unless 

the size of the leaf was reduced (determinate shoot) when the internode 

very rapidly shortened. 

(e) Basal bud develoµrent 

(i) Number of basal buds 

By bud burst, it became :possible to identify the nature of the rreristem 

in each leaf axil. Prior to bud burst, only the outer 2 - 3 axils had 

produced distinguishable structures (basal buds), the rest remained 

uninitiated (see Fig. 24). Basal buds could occupy up to 5, but usually 4, 

outer leaf axils in Hayward, and up to 4, but usually 2 axils in Alpha. 

The actual number 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 la-ver axils during the previous season, 

continued to develop slowly during growtl1 of the current shoot. While no 

rrore leaf prirrordia were initiated in the lower axils, the upper (or inner) 

axil basal buds continued to initiate leaf prirrordia. By full bloom, these 

basal bud axils had up to 5 leaf prirrordia. 'Ihese upper (inner} basal buds 

remained hair less. 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 eg., by 

damaging of the shoot or the hard pruning of a lateral (Fig.15). 



Table 1 

'lhe effect of no:lal position along a lateral en the 

number of basal bud. axils per shoot in Hayw~ro 

Node Mean Signif. 

1 4.2 A * 
2 4.1 AB 

3 3.7 ABC 
4 3.6 ABC 

5 3.6 ABC 
6 3.5 ABC 

7 3.4 ABC 
8 2.9 BC 

9-17 3.1 c 

Analysis of variance,, multiple comparison 

of vines by Tukey's method. 

Mean of 11 shoots, chosen at random from 

tagged shoots used far flower development 

studies. 

* Values with no letter in corrmon are 

significantly different at the 1% level. 
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III REPRODUCTIVE GROWTH 

(a) Flc:wer bud developnent 

(i) The course of terminal bud developnent 

All potentially reproductive rneristems in the leaf axils.were still at 

the uninitiated stage in early September (Fig.11, Stage 1). The first 

discernible changes in tl1e reproductive rneristems (in the leaf axils 

inmediately above those containing basal buds) occurred just prior to bud 

rrovernent in the spring. 

There was a rapid increase in volume of the rneriste:rratic region 

{Fig.11, Stage 2). In Hayward, this occurred around September 20th, and 

in Alpha, 10 days earlier. From Stage 2 on, developnent was rapid, and 

parts appa--ared in an acropetal order at successive higher levels. Within 

5 days, a pair of protuberances appeared at the base of tl1e prirrordium 

{Stage 3) which usually later fonred into bracts and the subte..riding 

lateral flovvers. Bracts and the associated lateral prirrordia were not 

always present hovvever at that stage. 

The sepals prirrordia, the first prirrordia to appear on tl1e floral 

rneristem, arose as a shorl of 5 - 7 papillae on tl1e side of the rneriste:rratic 

dome (Stage 4). This stage was reached (in both Hayward and Alpha) when 

shoot buds were at the ' advanced swell' stage. As the sepal tips rnet 

over the top of the developing bud tl1ey changed from a translucent white 

to an opaque light green colour and became densely covered with deep 

red hirsute hairs. 

Within 5 days after bud burst, petals W2re initiated between, and 

inner to the sepals bases just before tl1e sepals rnet to enclose the 

structure (Stage 5). 

Stamen initials appeared alITDst irrm2diately after petal initiation 

as two whorls in Hayward, and as tlrree whorls in Alpha (Stage 6). The 

whorls were initiated in rapid succession (the outer whorl first), and 

was ccmpleted by the 'advanced bud burst' stage. 

At tl1e tirre of stamen initiation of tl1e te:r:minal flovver, the sepal 

whorl was being initiated on lateral flovver prirrordia. 

As the petals curved inwards and tl1e tips interlaced and turned light 

green, the stigma. was initiated as a convoluted whorl around the periphery 

of the apical dome (Stage 7). This occurred as the leaves were unfurling 

from the shoot bud ('open cluster'), some 10 dabb. By tl1is stage also, 

the developing lateral flc:wers had initiated their petal whorl. 

The stigma.l convolutions became deeper and longer and it was not until 



Fig.11 

Flower bud development stages in Hayward and Alpha 

H Hayward (Pistillate) 

A Alpha (Staminate) 





this stage that differences between the pistillate Hayward and staminate 

Alpha became apparent. 

In the pistillate cultivar Hayward, the stigrral whorl rose fonni.ng 

a gynoecial plateau al::ove the developing stamens (Stage 8). 
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The outer region of the gynoecial area continued to rise at a faster 

rate than the central portion, leaving that portion of the gynoecium to 

appear depressed. As that occurred, the stigrral lobes lengthened and the 

su._oerior ovary fo:nred in the central column beneath the stigmal whorl. 

This occurred approximately 18 dabb., and expansion of the ovary continued 

steadily to full bloom (Fig.20). 

StaffiaJls expanded slowly from their inception, and differentiated into 

anthers and filaments approximately 35 dabb., but the filaIIPJlts remained 

short. By the tirre the loculi were first discernible in the ovary (45 

dabb.), the anther heads had developed into the characteristic two lobed, 

four loculed structure, and pollen grains forned 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 loculi 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 stigrral lobes 

separated fran each other and the distal upper surfaces becarre sticky. 

At this time also, separated pollen grains were observed in the anther 

heads, and the stamen filaments expanded rapidly, especially over the last 

five days before bloan. 

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 sequence of flower bud developrrent in Hayward was arbitarily 

classified into a number of stages (I - VI), based on the external 

morphology of the bud (Fig. 12) • Com:rencing when the petals were first 

externally visible, these external developrnental stages were compared with 

the growth of the various flo:Ner parts (Table 3) • Fran stages II - IV 

development was steady, taking approximately 10 days. The final 2 stages 

(V- VI) to full bloan however were rapid and occurred within 36 hours, 

depending on the weather. 

Early flO\ver bud development in the staminate clone Alpha was similar 

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



Fig.12 

Late flower bud development ( 1 split calyx' stage to full bloom), Hayward. 





flower bud develop.rent in Alpha however, became apparent fran the time 
the stigmal whorl was initiated (Stage 7). 

Although the stigmal whorl was actually initiated in Alpha and the 
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lobes lengthened slightly and even widened at their proxirral ends (Stage 8) , 

further gynoecial developnent was strictly limited. 'Ihe gynoecial structure 

in staminate flowers did not expand and becorre elevated above the plane 

of the starrens as in the pistillate flower. Instead, the gynoecial 

structure appeared to consist only of vestigial stig:rral lobes (Stage 8). 

By this stage (26 dabb.), the starr..ens had differentiated into anthers and 

filarrents and by 35 dabb., the anthers had developed into the 2 lobed, 

4 loculed structure, similar to anthers in pistillate flCAvers. 

Pollen grains were first seen formed in the anthers shortly after 

locular formation. By that time, the anthers had almost corrpletely covered 

the gynoecium (Stage 9) . External flower develop.rent was similar to 

Ha:Y\vard although petals were visible b.eneath the parted sepals earlier, 

some 18 days before blcx:im. 'Ihe filarrents of the starren lengthened rapidly 

approxirrately 5 days prior to blcx:im, at the time the flcwer bud was rapidly 

unfurling (Stage 10). 

(ii) Aborted (aberrant) flCAVer bud developrnc"'J1t 

It becarre apparent, soon after flCN;ier initiation (just prior to bud 

movement), that flCAVer primordial develoµrent in some axils, (in both 

pistillate and staminate flCAVers) was abnormal. 

While sorre of these aberrant structures ceased grCAVth at various stages 

up to blOOill, most made only limited develoµnent. Such aberrant develoµrent 

could be predicted at the uninitiated primordial stage. Instead of the 

normally syrretrically swollen floral primordia (Stage 1), a variety of 

uninitiated primordial shapes were later shCNJD to cease develoµrent (Fig.13a 

upper line, also Fig.24 axil 4). By the time nornBl flCAVer buds had 

reached Stage 5 (5 dabb.), the aberrant structures ceased grCAvth, without 

having initiated petals (Fig .13a, lCAver line) • 

Where develoµnent ceased at stages well after the irmediate post 

initiation period, development prior to their cessation of growth appeared 

to be no:rnB.l. Such late aborting buds usually abscissed w'nen their growth 

stopped, but those aberrant structures whic1:1 made only limited early growth 

persisted to full bloom. 

In roth Hayward and Alpha, most of the aberrant structures were found 

in the lCAvest reproductive axils. 'Ihe frequency of such structures in 

Hayward was noticeably greater tha.1 in Alpha (Fig .19b) . In Hayward 

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



Fig.13 

Abnormal flower development. 

(a) Aberrant flower bud development, 
Hayward and Alpha 

top line uninitiated state 

lower line maximum development 

(b) Fasciated fruit, Hayward 

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

by full bloom, the number of structures, which aborted at stages well after 

fla..ver initiation (late abortions) were aJnost nil in Alpha, but in 

Hayward rrade up to 50% of the total aborted axils. 

Although the priroordia in the laver reproductive axils nor:mally cease 

developrrent or abort, a la..v frequency (less than 1%) of such priroordia 

develop, bloom (Fig.13b) and set fruit (Fig.13c). 'Ihese were character

istically fasciated due to the checking of developrrent of the terminal 

fla..ver bud with a fusing of fla..vers. 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 (3°) lateral 

flower buds (Fig.17). 

Environrrental factors apparently influence this phenomenon 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 

gra..vth much later than normal did not carry flaver buds (Fig.14). It was 

not determined whether aberrant reproductive structures were present in 

axils on those shoots. 

(iii) Lateral flower bud development 

'Ihe pattern of lateral fla..ver bud formation was similar to that of 

tenuinal flaver buds, but at all stages, developrrent lagged behind that of 

the terminal flower bud. 

In both Hayward and Alpha, the sepal prinordia of secondary lateral 

flavers (see Fig.17) were initiated when the starren whorl was forming in 

the tenuinal flo:ver. However in Hayward, virtually all of these lateral 

flo;.1er buds ceased development before the stage of petal initiation. 

Secondary lateral f laver 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.17) in Alpha, but not in 

Hayward. 'Ihe delay in initiation of tertiary lateral fla..vers in Alpha 

was not as great as the delay in the initiation of secondary lateral 

flavers, and occurred when the secondary flaver buds had initiated their 

petals and the terminal flower bud was at Stage 8. 

Although relative developrrent was more rapid in the lateral flo:vers, 

lateral flowers always bloomed after the terminal fla.ver (Fig .18) • 



Fig.14 

Late shoot development, Hayward. 

Fig.15 

Stimulation of a basal bud into growth in Hayward. 

Fig.16 

'Ihe tenninal portion of a donnant Hayward shoot (lateral). 

A Determinate shoot 

B Non-determinate shoot 
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Fig.17 

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

Fig.18 

Lateral flcwer bud development, Hayward. 
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(b) Flower distrubtion 

(i) Number of reproductive axils per shoot 
along a lateral 
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Although basal buds developed in the outer leaf prirrordia (bud scales) 

of the winter bud, the fate of the prirrordia in the axils of the inner 

(lower) leaf prirrordia could not be detennined until initiation corrmenced, 

at bud movement in the spring. 

By bud burst, it becarre 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 number of axils with basal buds. Al though 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 independent of such positional effects (Table 2). 

(ii) l:\1umber of functional flower axils per shoot 

At various stages in the course of flower bud develoµnent sone flo#er 

buds ceased growth and aborted (see earlier). In Hayward, the number of 

flavvering axils per shoot, which were still functional, decreased from 

approximately 7.2 at initiation to approximately 4.5 at bloom (Fig.19a). 

In Alpha, the corresponding number of functional flo;vering axils was 8.2 

at initiation and 7. 7 at bloom (Fig.19b). T'nese trends correlated with 

the nurnber of aborted reproductive axils. 

(iii) Variation in fla-ver bud developnent along 
a shoot 

From the tirre of initiation, there was a variation in the size of the 

fla.ver buds along a shoot. Prior to initiation, the size of the uninitiated 

prirrordium seened correlated with size of the leaf prirrordium subtending 

it, ie., the larger outer leaf primordia generally had larger flatJer 

prirrordia in their axils (Fig.21). Ho;vever once initiation had comrenced 

and the fla..ver buds grew, a different pattern ei."112rged; the zone of 

nB.Ximum size shifted to the upper reporductive axils. This was due to the 

almost complete abortion of the f lov.er structures in the la.ver axils at 

this tine. There were consistent differences in the stage of flo;ver bud 

development in axils along a shoot right from the early initiation stage. 

This could be related to both prirroridal and later flower bud size. This 

led ultimately to a consistent sequence of flower opening. In both 

Hayward and Alpha the Coefficient of Concordance (286) between orders of 

opening were significant at the 1% level. With aborted axils excluded, 



Table 2 

The effect of nodal position along a lateral on the 

nurrber of reprcxiuctive axils per shoot in Hayward 

Ncxie 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 1.0 A 

Aralysis of variance, multiple comparison 

of vines by Tukey 's 100thod. 

I~an of 7 shoots, chosen at randan · from 

tagged shoots used for flower developrrent 

studies. 

* Values with no letter in canmon are 

significantly different at the 1% level. 



Number 
of axils 

8 

7 

6 

5 

.4 

3 

2 

1 

-10 

Fig.19 

'lhe nunber of normal flO\'lering axils per shoot, 

the nu.rrt>er of aborted (aberrant) flowering axils per shoot, 
and the l11.l1Tber of reprcxiuctive axils per shoot. 
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Fig.19 

'lhe nurrber of normal fl<:Mering axils per shoot, 

the nuµDer of aborted (aberrant) flowering axils per shoot, 
and the mmi>er of reproductive axils per shoot. 
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Fig.20 

Flc:Mer bu:i gr>owth at each reproductive axil along a shoot in Hayward. 
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FlCMer bud growth per shoot in Hayward and Alpha terminal flower buds, 

Alpha 2° and 3° lateral flower buds, and the change in the Hayward 

terminal floNer bud breadth : width ratio with gr>owth. 
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the order of flower opening (flower axil numbered from the base of the 

shoot) was: 

Hayward 

Alpha 

4-1-2-3 

7-6-5-2-1-4-3 
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Also noted were variations in the numbers 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 ITDre oval than those further up the shoot. 

The number of sepals and petals in normal fla11ers were generally 

slightly greater at the base and numbers observed varied from 5 - 7 (see 

Stage VI, Fig.12). The breadth:width ratio of the ovary in the buds 

decreased up the shoot giving changes in ovary shape similar to trends 

seen with flower buds. Where fasciated flowers (Fig.13a) were present 

however, the bud and ovary was markedly oval with breadth:width ratios 

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

(c) Flower bud growth patterns 

(i) Flower bud growth 

Bud breadth was used as an index of fla..ver bud growth. For Hayward 

the rrean flcwer bud breadth per shoot increased from 0.4 mm., in its 

uninitiated state in the winter bud to approximately 15.2 mn., 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. 21) • For Alpha, the mean tenninal bud breadth per shoot 

increased fran 0.4 mn., (uninitiated) to 13.5 rrm. (47 dabb., Fig.21). 

Secondary lateral buds in Hayward generally rrade only limited gr01rth 

and developrrent (see earlier) and reached a maxinn.:nn breadth of less than 

5 mm., before aborting. In Alpha however, secondary and tertiary lateral 

buds increased in diarreter from their initiation, to 10. 2 mm., and 8. 5 rrrrn., 

respectively when the tenninal bud reached tl1e split calyx stage. (Fig.21). 

To the sarre stage of calyx split, it was estirrated that bud breadth for 

the secondary and tertiary lateral f lcwer buds 'WOUld be 11. 0 and 9. 8 mm. , 

respectively (Fig.21). 

'Ihe average size of the flower bud to the external bud development 

stage and the fl011er bud stage is represented graphically in Figure 22. 

By advanced opc>......n-cluster (Fig. 3) and flower bud stage 8 (Fig .11) , 15 dabb., 

rrean flower bud breadth was 4. 6 nm., and the breadth:widt.11 ratio was 

1.18: 1 (Fig. 22) • 'Ihe changing bud shape is clearly demonstrated. 



Fig.22 
Early (up to 15 dabb. ) flo..,rer bud growth a.ni the change in the flower bud 

breadth:width ratio in Hayward as related to the external 
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(ii) Ovary GraNth 

Tne ovary was first fonred in Hayward approximately 20 days after bud 

burst. Tne rrean cross section dirrensions increased fran 2 .1 x L 3 nm. , 

at that date to 8. 3 x 7. 0 nm., at bloom (Fig. 23). Over that period, the 

breadth :width ratio decreased from 1. 6 to 1. 2, indicating a change in 

shape as with the corrplete bud. 

' 

(iii) Growth of fla11er parts over later 
stages of developrrent 

'Ihe rate of gro;vth of the various flo;ver corrponents in Hayward are 

correlated with the external stages of late fla.ver developrrent (Table 3). 

From the tirre the calyx split, bud breadth increased frc:m 14.9 mm., to 

26. 5 nm., just prior to opening, and to a diarreter of 67 nm., at full 

bloom. 

Over that period the ovary increased in breadth only from 7.09 rrm., 

to 8.15 rrm. 'Ihe stig:rral diarreter increased rapidly from 4. 78 nm., at late 

flower developrrent (Stage II) to 10. 83 mn. , at bloom (Stage VI) . While 

the rrean anther size increased steadily over this period, the filarrent 

length increased rapidly, especially over the 2 days prior to blCDm 

(Table 3). 'Ihese corrparisons errphasize the rapid developrrent of the 

flower parts in the 10 days preceding blossoming. 

(iv) Quantitative differen02s tetween 
terminal and lateral blooms 

Terminal and lateral flCMTer buds differed in size (Fig.21). One 

of the factors showing this difference in size was the significantly 

fewer petals in lateral flo;vers than in terminal flcwers (Table 4). 'Ihe 

rrean nurrber of petals in Alpha terminal flowers and lateral f la..vers 

respectively was 7.8 and 5.8. 

IV PHYLIOTAXIS 

(a) Description of the phyllota.xy 

In the Chinese gooseterry, leaves and leaf prirrorida are arranged in 

a spiral on the stern (Fig. 24) . Various systems of spiral phyllotaxis 

are recognised (309). An earlier rrethod, based on the divergence a..'1gle 

tetween the leaves, expressed the phyllotaxis as a fraction of a circle. 

If tvlO exactly superirrposed leaves were separated by b intemodes and 

there existed a turns of the genetic spiral tetween them, then the 
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Sta,[;C Days to 

(a) bloom 
--··· 

I 10 

n 8 

III 5 
IV 2 

v 0.5 
VI 0 

(a) See Fig.12 

bth. 

14.9 
15.2 
18.8 
26.5 

Table 3 

The growth of the fl<11'1er parts of Hayward 

over the ten days preceding bloom. 

Flower (mm.) Pistil (mm.) 

Bud Stalk Ovary Stigma 
wth. b:w 1th. bth. wth. b:w diam. 

14.2 1.1 lt.4 7.1 6.5 1.1 4 .. 7 
14.5 1.1 4.7 7.1 6.5 1.1 Ll.8 

18.3 1.0 6.2 7.4 6.9 1.1 7.5 
24.2 1.1 5.6 7.5 7.0 1.1 9.7 

59.3 56.8 LO 5.8 7.5 6.9 1.1 10.3 
6709 65.3 1.0 6.5 8.2 7.3 1.1 10.9 

Starnen (mm) 

Anther Filament 

1th. bth. 1th. 

2.8 1 .. 2 3.4 
3 .. 4 1.2 4.o 
3.8 1.3 5.2 
4.3 1.3 6.5 
4.1 1.4 10.3 
4.1 1.4 11.3 



Table 4 

Tne relationship between the nurriber of petaLs in terminal flowers 

and lateral flowers at each flowering axil along a shoot in Alpha~ 

Terminal flowering axil 

Mean nu-rber 
Shoots 1 2 3 4 5 6 7 8 per shoot 

a. 8 9 6 10 7 8 8 7.,7 
b. 8 8 7 10 8 6 8 7.8 
c • 10 8 8 10 7 6 9 8 8 .. 2 
de 7 8 8 12 10 6 8.5 
e. 6 6 11 8 8 7.,8 
f. 10 6 7 6 10 6 9 7 7.6 
g. 7 7 8 7 7 6 7 7o0 

Mea.'1. no. 
per axil 8 .. o 7.4 7.8 9.0 801 6e3 8.,2 7.5 7 .. 8 

Lateral .flowering aril 

Mean nunber 
Shoots 1 2 3 4 5 6 7 8 per shoot 

a. 6 6 6 6 5 5 5.,7 
b. 6 6 5 5.7 
c • 5 7 5 5 5 6 6 5 5.5 
d. 6 6 6 6.o 
e • 5 5 5 5.0 
f. 5 6 6 5 5 5 .. 4 
g. 5 5 5 5.0 

rriean no. 
per axil 5.5 5.9 5.4 5.3 5.0 5.5 6.o 5.,0 5.5 

* by the Sign Test 

Petal nurnber in te...Y>ffi.i.ral flowers significantly greater (5%) 
than in lateral flowers, 

where n = 7 (nurrber of pairs of observationso) 
r ::: 0 (number of pairs where lateral 

rremis greater than terminal mean.) 





Fig.24 

Characterisation of the phyllotactic spiral 
of the dissected winter bud of Hayward. 
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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 nON less favoured since leaves are rarely super

imposed on the stem. 

The other corrrron method of characterising a phyllotaxis is by 

reference to the sets of parastichies (helices) that :ma.y be recognised 

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 is 2 + 3 (Fig.24). 

Two anorrolies in the phyllotactic spiral of Chinese gooseberry were 

observed. In a number of cases (less than 5%) the ascending order of 

progressively younger leaves was slightly altered: A younger and there

fore later initiated leaf was sometlires observed to be la;ver on the shoot 

than the leaf formed irnrrediately before. (See both determinate and non

determinate Hayward shoots, Fig. 6.) The other, much less frequent (less 

than 1%) anorroly observed, was the changing of the direction of the 

phyllotactic spiral. 

(b) Direction of the phyllotactic helix 

Wardlaw (309) , in his review on the organisation of the shoot apex, 

stated that in plants a spiral phyllotaxis, the direction of the genetic 

spiral in the primary shoot, is usually considered to be randC:roly 

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 :ma.in axis (antidoIT\Y) . Tne opposite case (horrodromy) 

occurs, but is much less frequent. 

Fran the examination of buds and shoots of both Hayward and Alpha, 

it was found that the direction of the phyllotactic helix could be either 

'clockwise' or 'counter-clockwise' (interpreted as the ascending directions 

of the foliar helix observed from above) • 

The aim of this study was to examine the frequency 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 eY.arnined 

on separate vines. Relevant data were obtained fran the buds and shoots 

used in the flONer 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 



Table 5 

The relationship between the direction of the phyllotactic spiral 

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

Clockwise Anticlodcwise T'Otal 
lateral 

All clockwise buds 10 (6.3)* 
Some clockwise, some 8 (7.3) anticlockwise buds 

All anticlockwise buds 4 ( 8 .3) 

'Ibtal 22 

lateral 

2 (5.7) 

6 (6. 7) 

12 (7.6) 

20 

12 

14 

16 

42 

* Number of buls (or shoots) observed. In brackets, nurnbers expected 
if occurrence of clockwise or anticlockwise helices was random. 
(laterals with only one bud (or shoot) excluded.) 

Goodness of fit?(~ = 9.7 (Pless than 1%). 

Table 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. 

All buds in same 
direction as 
parent lateral 

Some buls one 
direction, some 
buds in other 
direction 

Vines with all laterals 
in same direction 
(excluding those with 
only one lateral) 

11 (12.6)* 

10 (8~0) 

All buds in 
opposite direction 
to parent lateral 

'Ibtal 24 

Vines with only one 
lateral a:rrl some vines 
with some laterals in 
opposite directions 
from others 

18 

* Nk'llber of bu:ls (or shoots) observed. In bracl<:ets J 

nmbers expected if there was no significa.Ylt association. 
(Laterals with only one bud (or shoot)excluded.) 

Goodness of fit X~ = 1.8 (P greater than 20%). 

'Ibtal 

22 

14 

6 

42 
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property of individual vines, the various types being found on each vine. 

Further, the strength of the bias towards one spiral direction was not 

found to be a specific property of individual vines (Table 6). 

C. DISCUSSION 

Little has been rep:::>rted previously on different aspects of flaNering 

and associated vegetative growth in the Chinese gooseberry. It is of 

interest to relate the characteristics found in this study on the Chinese 

gooseberry 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 deciduous 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 rep:::>rt on flcwer develop:nent in A. kolomikta 

(171), it was inferred at the cc:m:rencerrent of this study that, as with 

grapes and most deciduous fruit crops, it should be p:::issible to observe 

developing f lo.vers in the Chinese gooseberry bud during the season 

previous to flcwering. Ho.vever from this study of A. chinensis over the 

1971/72 grcwing season, it is apparent that there were a number of 

features in the flcwering habit of this species that are peculiar to the 

Chinese goosebery. 

Bud Growth 

As with grapes, leaf prirrordia were initiated in the next years' 

fruiting bud soon after bud burst although the rate and the final number 

formed by winter was greater in Chinese gooseberry. In grapes, t'h.e 

nurriber of leaf prirrordia initiated increases to reach a maximum of 10 - 15 

depending on the cultivar by approxirrately 100 dabb. (51,202). In 

Chinese gooseberry, approxinBtely 18 leaf prirrordia had been initiated by 

that time (Fig.l). 

A number of workers on different crops have rep:::irted changes in the 

rates of leaf prirrordia initiation in fruiting buds and have related such 

changes to the inception of f la,,1ers ( 51, 9 9 , 20 2) . In a number of grape 

cultivars, a lag in both the increase in fresh weight of leaf prinordia 

(51,202), as well as in the rate of initiation (51) around the 50 - 75 

dabb., period have been related to the timing of inflorescence initiation. 

In the Gordo cultivar, 6 leaf prirrordia were initiated at that time, and 

the first bunch prinordium start fo:r:ming at the same time as the fifth or 
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sixth leaf on the bud axis (51) . 

In a series of papers on the apple, Fulford ( 9 7, 9 8, 99) , also shcued 

that the timing of fla,ver detennination was related quite precisely to 

the pattern of tenninal bud developrrPJ1t. Ho;-vever, this pattern was 

different f ran that in grapes. Instead of f lo;ver initiation being 

associated with a lag in leaf prinnrdia development (ie., a long plasto

chrone), Fulford (99) shavved in apples that, as well as depending on t..he 

presence of bracts, this phenomenon was dependent on a short plastochrone 

(5 - 7 days). 

Unlike the situation in grapes and apples no marked changes in the 

rates of leaf prinnrdia production were found in Chinese gooseberries. 

'Ihere may have been a short lag in the Hayward ·variety at 60 dabb., but 

this could possibly have been associated with ovary grcw·th as this lag 

occur.ced around the blocxn period but was not found in the staminate clone 

Alpha (Fig .1) . Although no samples were taken between bloom and mid 

January, it was deduced, fran the slope of tJ1e curve prior to blcom and 

fran the number of leaf prinnrdia in the bud by mid January, t..hat the rate 

of production of leaf prinordia continued until the naximum was reaCt11ed 

(estirrated to be around the end of Dece.rrber). This is rorrparable to the 

situation in grapes (51,202). 

'Ihe 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 

position of flcwers wi ti.11in ti.11e bud. 

As in citrus (172) and grapes (329), tenninal buds never form in the 

Chinese gooseberry (Fig.16), the gro;qing apical bud of the shoot, and 

sometines the terminal portion of the shoot itself, desiccates and 

abscisses at various times during the season (Figs.16a and 16b). 'Ihe 

axillary buds of the Chinese gooseberry are less praninent than in rrany 

other crops as they are enclosed in the swullen base of the petiole (Fig. 3) . 

Both the Chinese gooseberry and the grape possess basal (lateral) buds. 

'Ihe Chinese go::>seberry may possess up to 5 basal buds (Table 1) but usually 

only the outer 2 develop leaf prinnrdia by ·winter (Fig. 24). These do not 

usually develop into shoots unless the primary gro;ving point is damaged 

(Fig .15) . Under cornrrercial gra..ving conditions these buds usually re.main 

donrant fo:::- approxim3.tely 3 -· 4 yea.rs when they can be stimulated L'lto 

gravvth (maiden laterals) in the renewal system of pruning, by the re..Tfl:)val 

of the prirrary lateral system at or near its base (92). 
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Vegetative Growt.1-i 

As in the grape (329), but unlike rrost deciduous fruit trees bud burst 

in the Chinese gooseberry is late. The first signs of bud rroverrent was in 

early September, and general bud burst did not take place until the end of 

that rronth. In sooe cultivars, especially Hayward, but burst was 

extrerrely poor (see Ch. 6) and uneven. 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 sorre chilling requirerrent. 

As well it was observed that buds at nodes on the undersides of a lateral 

did not burst. 

Following a lag of approximately 10 dabb., leaf production and 

extension grairth proceeded rapidly (Figs.4 and 10). Figures for these 

parameters were extremely variable. This was largely due to bvo factors. 

Firstly, the data were obtained from different plants at each date (as 

rna.terial was destructively sampled). Secondly, a variable nurrber of the 

tagged shoots had terminated their gro..rth by each sa:rrple date. An attempt 

was ma.de to minimise the variation by separating those shoots which had 

terminated their gr<J\vth frorn 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. Alt.l-iough no 

terminal bud was produced, sorre shoots had ceased extension gravVth by 40 

dabb., rraking only 10 cm. of growth (Figs. 4 and 6), while others 

continued growth throughout the season. Shoots of approximately 10 rreters 

in length have been reported on vigorous clones where growth has not been 

checked. The reason for the variation in shoot length is not kn<J\m as 

both types of shoots result from apparently similar shoots tagged at bud 

burst. Generally, Hayward is a less vigorous cultivar with fe;ver non

determinate shoots. lateral shoots in that cultivar generally cease growth 

by mid December, 80 dabb. (71). 

Like rna.ny species, the Chinese gooseberry displays heteroblastic leaf 

developrrent along a shoot (Figs.2 and 7). This development was apparent 

in the winter bud (Fig.2), but becarre rrore obvious after shoot growth had 

CCl!IDl2nced (Fig.7). 

Although there were differences in heteroblastic developrrent betwee.n 

Alpha and Hayward ( eg. , there were fewer bud scales and transition leaves 

in Alpha) I general patterns were similar. In rot.h Alpha and Hayward, the 

size of each leaf and length of each intemode depended upon the position 

of the leaf in the bud or shoot and upon the position of the bud or the 

lateral, a situation corrparable with other plants (15). 



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 
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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 nurriber of scales and transition leaves. 

Reproductive growth 

It is well known that in :rrost deciduous fruit tree and vines species 

flOivers or inflorescences are initiated in the surrmer preceding their 

flOivering and fruiting (30). On the other hand, in evergreen terrperate 

and sub-tropical fruit trees, flo;ver initiation_takes place only a feN 

weeks before bloom and i~ often associated with resurrption of gro;vth (103, 

135,256). 

In A. kolomikta, it has been reported, that (171) by the end of surrmer 

lateral cones of flavers with undifferentiated floral embryo are present 

in the completely formed floral bud. 

In A. chinensis hc:wever, 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 

before grc:wth was resumed in the late spring that discernable changes in 

those pri:rrordia were noted. 

The timing of flower initiation in the Chinese gooseberry appears to 

be atypical of :rrost deciduous plants where al:rrost fully formed inflores

cences and flo;vers are present in the bud by winter (171). The pattern 

found in the Chinese gooseberry ho;vever can be partially compared with 

that in the grape where, although the inflorescence (which consists of the 

main l:x:x1y of the cluster and bracts with branches and sub-branches in 

their axils) is initiated during the previous surrmer, individual flcwers, 

on already formed clusters are not initiated until the spring (247). A 

similar situation to that in the grape is also reported for A. kolomikta 

(171). The timing and pattern of flcwer initiation in the Chinese 

gooseberry seems TIDst closely related to that found in evergreen temperate 

and subtropical fruit trees (103,135,256). 

Once the flo:.ver pri:rrordia were initiated in the spring, flcwer 

developrrent was extremely rapid and continuous and, within 30 days of 

initiation, the ovary was being formed. The seqt.ience of initiation of the 

flo;ver parts was generally similar to :rrost other species. Within a given 

flo;ver, the sepals were the first to develop, follo:.ved by t~e petals, sta

mens, and lastly, the pistil with its multi-locular ovary. 
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Up to the tirrB of stigma initiation1 the pattern of flONer development 

was similar for both the pistillate Hayward and the staminate Alpha. 

Instead of the gynoecium continuing to develop, as in Hayward1 the stamin

ate g-jl1oecium developed little and remained vestigial. 

Early stages of androecial development in Hayward ·(and other pistillate 

cul ti vars) seerred to be no:rrna.l; the starno~s developed into anthers and 

filarrents similar to staminate flatlers. Hcwever in Hayward (and other 

pistillate cultivars) the pollen grains -which fonn in the anthers remain 

sterile (272). 

Thus, in the Chinese gooseberry the pattern of sex-expression follows 

the rrore nor:mal angiosperm pattern where the flONer begins as a potentially 

her:maphrodite prirrordium; functional unisexuality then results from 

unbalanced grcwth, 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 horrronal, studies on a 

wide range of woody plants indicate that the horrronal 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 SOID2 cases abscissed (Fig.19). 

'Ihe frequency of aborted (or aberrant) axils was comparatively high in 

Hayward compared with Alpha (Fig.19) • 

.r.:bst of the f lawer buds (prirrordia) destined to abort ceased development 

soon after bud burst1 when sepals were being initiated in nor:mal flONers. 

'Ihese early abortions rrostly occurred in the lcwer axils of the shoot 

i.rmediately above the last axil containing a basal bud. Further, it was 

possible to deduce, frau the shape of the prirrordium at initiation, which 

would shortly cease development (Fig .13a top line) . For those flower buds 

which aborted at later stages, it was not possible to predict their fate 

as numbers were not great (especially in Alpha), their position on the 

shoot was not apparent, and developnent seemed no:rrna.l up to their cessation 

of grcwth. 

The cause of this aberrant flcwer development is not fully understood 

although it also occurs, to a greater or lesser degree, in many angiosperms 

(including fruit trees and vines) and gynosper:ms (99,156 1 202). 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 

developrnent. However, it was deduced that, sorretirrBs structures in those 

axils which abort early could develop and fonn flowers. Those flowers were 

usually fasciated (Fig.13b) and were likely to result -when the development 

of the terminal flower prirrordium in those axils was only slightly checked 
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with the laterals continuing developrrent. It is ki1v.vn that the frequenc-y 

of such fasciated flowers varies between seasons, possibly indicating some 

envirolll112ntal inf luer1ce. 

Other experimental results quoted elsewhere (Ch. 4 and 5), haHever 

indicated that the quantity and/or the quality of tl-ie factors fonning 

flo:.vers could be altered by specific treatments (as measured by the number 

of norrra.l flatler buds). The fact that staminate vines are more fruitful 

than pistillate vines could also possibly indicate variations in the 

quantity and/or quality of flo.vering stimulii between clones. 

In Hayward, while lateral buds were initiated, virtually all of them 

ceased develoµnent soon after their petals were initiated. In the staminate 

Alpha, secondary and tertiary lateral flaver buds v..Bre initiated, and a 

large proportion of them developed to bl(X)ffi. As sorre staminate vines had 

up to 9 flo.vers in an inflorescence (Ch. 6), it was concluded that t..'1e 

inflorescence in the Chinese gooseberry vines was potentially a compound 

dichasium (Fig.17). 

Lateral f lavers, al though initiated after tc'1e terminal flm;er / developed 

at a faster rate, and bl(X)ffied approximately 3 days after the terminal 

flo:.ver. As well, lateral flaHer buds were always sIIB.ller (Fig. 21) and 

contained fewer petals (Table 4). 

In the Chinese gooseberry the reproductive region of a shoot occupied 

approximately 7 axils in Hayward and 8 axils in Alpha (Fig.19), and was 

not i11fluei1c-ed by ti.'1e distance fl.urn ti.'1e base of ti'le lateral (Table 2) • In 

the grape ho:.vever, there are usually only 1 - 3 reproductive axils (33,329) 

and further, not all buds are fruitful (29). Barnard (29) sho.ved in the 

Sultana cultivar, that the proportion of buds that ·were fruitful were low 

to.vards the base of the lateral (cane), and increased prc:gressively 

outwards, and again decreased tOtJards the distal end in all but very short 

canes. 

PhyllotaY..is 

Wardla1;v (309) states that the carnonest form of phyllotaxis is the 

spiral form. Chinese gooseberry 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 TIBY either be clock

wise or counter-clock\vise. However, ur1like nost species with a spiral, 

there was a positive correlation between the spiral on a Chinese gooseberry 

shoot (or bud) and that of the lateral (horrodrcxrry) (Table 5). The more 

usual cases are a negative correlation (antid~), or an indepe..11dent 

association (309). 



'Ihe reason for the two observed anornolies in the phyllotactic spiral 

of Chinese gooseberry are not kne»m although these occurred in the 

regions of the shoot where there was a change in either the vegetative 
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or the reproductive state. Where a younger and therefore later initiated 

leaf was lotler on the shoot than the leaf fo:rrned inrnediately 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 around axil 5, around the region 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 J;J>JD CONCURRENT VEGETATIVE GROWTH 

A. INTRODUCTION 

A major factor governing yield in fruit trees and vines is that of 

detennining the partition of metabolites between the various reproductive 

and vegetative gro:.vth centres (127,131). over the early period of spring 

growth the competition behveen the various gro-vrth centres for available 

metabolites is particularly intense and how successfully a growth centre 

can compete for limited supplies depends upon their relative activity or 

sink capacity (127,131,176,250). 

Autoradiographic and other studies have shewn 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) have shown that as soon as a leaf com:nences exporting rnetabolites, 

moverrent is acropetal to the young leaves and shoot apex which constitute 

po:.verful sinks, but with continuing growth of the shoot and the production 

of new leaves, metabolite rrovei.'l'ent beca:nes bidirectional at first and then 

basipetal. 'Ihis basipetal rnovernent occurs during the prebloorn period. 

However, during the prebloom and bloom period, a normal grape shoot appears 

to be independent of others for supply of photosynthates (254). 

'Ihe actual cause of the :rretabolite moverrent is not completely under

stood, but it is known that growth substances play a vital role as powerful 

mobilising 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 rnetabolites within the plant can be altered (67,224,252,254). 

Such TIBnipulations may be carried out on whole trees and vines, as well as 

on cutting material (see Ch.l). 

While the maii'1 Chinese gooseberry cul tivar Hayward produces large 

fruit, it does not nurrerically bear heavily. Hayward typically has fewer 

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

To gain ii~fornation on sorre of the factors affecting the develop.'Tlent 

of flowers in the Chinese gooseberry, a rn:nnber of defoliation, shading, and 

tipping treat1Tents were applied to shoots growing frcrn isolated single node 

cuttings as well as to individual shoots on field grown vines. 

A number of statistical tests we:ce applied to the collected data. 

Because of the limited capacity to nake the IIBny observations recorded, the 

data accumulated in the study of the nonra.l sequence of develoµnent (Ch.3) 

was used as control figures for this series of exp"'--rirrental IIBnipulations. 

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 developl!P...nt studies (Ch. 3). The regression equation for each para

meter, along with an estimation of its goodness of fit are set out below. 

'Ihe value predicted by this line at the sarrple date in question and the 

standard error of this prediction were used as the defining parameters of 

a nonna.l distribution, from whic.h values were randanly selected. 

Parameter !l.ean control Regression Error of 
values used E,quation Prediction 

for each as % of 
sarrple date prediction 

Number of effective flowers see Fig.19a Y= 5. 872 0.027x 22 

Average ovary size see Fig.23 Y=l3.819x + 21.638 12 

Number of open leaves see Fig.10 Y= 0.114x + 5.043 28 

Average leaf size Unpresented Y= 0.19lx - 0.131 19 

'Ibtal number of leaves Unprese..n.ted Y= 0.007x + 11. 604 17 

·Shoot length see Fig. 4 Y= 0. 59lx - 2.220 65 

Shoot thickness see Fig. 5 Y= 0.067x + 3.260 16 

Number of leaf prirrordia see 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 treatm2nt and generated control replicates). 

Where the data did not meet all the criteria for the analysis of variance 

(when for exarrple the data were not hom::::ig-eneous using Bartlett's Test 

(284) for homogeneity), even after the logrithmic and square root trans

formation, the analagous, non parametric Kruskal-Nallis Test (286), was 

used to test for overall statistical significance, follcw1ed by Dunnett' s 

Test (81) 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 eh'f>8rimental problerns 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 

prior to bud burst defoliation treatment grew. This seemed rrainly due to 

sunscald and desiccation even though the treatment was carried out on an 

overcast day and the wound was covered with grease. A large m:rrnber of the 

shoots (replicates) in the shading treatments (especially the heavy shade) 

rotted inside the bags. As well, a number of replicates in the defoliation 

and tipping treatments were lost due to wind and other In2chanical darrB.ge. 

Again, although the single node cuttings were selected for evenness 

prior to burst, a number of the cuttings (replicates) in rrost treatments 

either did not burst their buds or made only limited (abnonnal) 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 GROV'i"TH 

(a) Number of flavers per shoot 

The total number of reproductive axils per shoot were, not unexpect

edly, (see Ch.3 and 5) similar for all treabnents (Table 7). The influence 

of the treatrrents on reproductive development can be seen in the number of 

nonnal flavers per shoot (or the complementary nurrber of aborted or 

aberrant axils) at each sample date. 

Single node cuttings 

Generally, complete defoliation increased, total shading reduced, and 

tipping had little effect on the nurrber of flaver buds per shoot (Table 7a). 

Partial defoliation and partial shading treabrents were generally without 

effect. 

A significant trend was evident in the conplete defoliation treat

In2nts where the earlier the cornrencement of the treatrrent the greater was 

the prorrotion. The number of flower buds per shoot was increased from 

4.1 (Control) to 5.6 (corrrrenced 10 dal~J.) to 6.3 (cOillffi""Jlced 5 dabb.) to 

7.3 (cornrenced prior to bud burst). 



Fig.27 

The effects of defoliation, shading and tipping on the grcwth 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 

'Ihe effects of defoliation, shading and tipping on the growth and 
development of field grown shoots of Hayward, sampled close to bloom. 

A Defoliation (100% started 17 dabb.) 

B Shading ( 100% started 1 dabb. ) 

C Tipping (started 19 dabb. ) 





Table 7 

The effects of defoliation, 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. 

[):o:F1JL:U\TIC'N 

soi icn 
Cent Sd. lGd. I Prier $;]. loci. 

:lu±er of re;:iro:luctive axils 7.1 7.5 7.3 8. 7 7.3 7.0 

Nurber of aberrant axils 2.9 2.9 2.6 1.3 1.0 1.4 

Nurber of replicates 20 10 10 6 9 10 

Nurber of fl= btrls 4.2 4.7 4.7 

I 
7.3 6.3 5.6 

Nurber of replicates 20 10 10 6 9 10 

Significance 5% level d* cd o:i I a ab be 

Significance 1% level c c c I A AB BC 

Average flo...-er bud size (nm.) 3.2 3.4 2.9 4.8 4.9 3. 7 

Nutber of replicates 20 10 10 6 9 10 

Significance 5% level a€ .a a a a a 

(b) Field studies. 

IEFDLIATICN S:-!l>.DE 

Sanple date A 50% 100% 50% 100% 
(see 01.2) 

Cont lOd. lOd. Cont ld. ld. 

llutber of reproductive axils - 7.1 7.1 - 7.1 8.1 

Nutber of aberrant a.xi.ls - 1.5 1.3 - 2.2 2.8 

Nutter of replicates - 9 10 - 12 11 

timber of flo.,-ers 4.9 5.6 5.8 4.6 4.9 5.4 

Nrnber of replicates 10 9 10 12 12 11 

Significance 5% level b ab a a a a 

Significance 1% level A A A A A A 

Average ovary size 4.6 3.9 4.6 4.3 4.2 4.4 

Nurber of replicates 10 9 10 12 12 11 

Significance 5% level a a a a a a 

DEFOI.IATIW 

Sanple date B ! 50% 100% 
(see 01.2) Centi lOd. 17d. 2t.d. lOd. nc. 24d. 

Nuaber of repro:iucti ve. axils - 6.8 6.7 7.4 7.0 7.1 7.0 

Nrnber of aberrant a.xi.ls - 2.2 2.2 2.6 2.2 2.2 2.1 

Nurrber of replicates - 14 12 13 17 9 14 

' 
I 

Nurrbcr of flo.-.'ers 4.3 4.6 4.5 4.8 4.8 4.9 4.9 

Nur.tx~r of replicates 16 14 12 13 17 9 14 

Significance 5% level a a a a a a a 

Average ovary siw 7.8 7.4 7.5 7.8 7.4 8.1 7.6 

Nrnbcr of replicates 16 14 12 13 17 9 14 

Significance 5% level a a a a a a a 

Significance )'1, level I\ A A A I\ A A 

SH.:'.DS 

5'}% 100% 

Prio~ Prior Sd. 

7.2 7.9 7.3 

2.6 6.2 5.7 

10 7 9 

4.6 1. 7 4.7 

10 7 9 

cd e cd 

c D c 

3.1 5.1 3.1 

10 7 9 

a a a 

TIPPING 

I 
Centi 12d. 19d. 

- 6.7 7.2 

- 1. 7 2.4 

- 11 10 

5.4 5.0 4.8 

11 11 10 

a a a. 

A I A A 

4.5 4.9 4.5 

11 11 10 

a a a 

SH.l\DE 

50% 

Co:-it, ld. 15d. 22d. ld. 

- 6.8 6.3 6.5 6.7 

- 2.3 2.4 2.1 2.9 

- 23 7 11 11 

4.1 4.5 3.9 4.4 3.8 

!.6 23 7 11 11 

a a a a a 

7.4 7.6 7.2 8.0 6.9 

16 23 7 11 11 

ab ab b a b 

I\ I\ A 1\ A 

TlPPTXG 

9d. 13d. 15d. 17d. 

7.0 8.0 7.3 7.9 

2.8 3.9 2.9 2.9 

9 10 10 10. 

4.3 4.1 4.4 5.0 

9 10 10 10 

d d cd cd 

c c c CD 

3.0 2.8 3.9 3.5 

9 10 10 10 

a a a a 

One way analysis of variance 

follo.>/ed by Dtmcan's Multiple 

Pange Test. 

* Treatrrents wit.l-i no letter 

in =mon are sigrJ.ficantly 

different at that level. 

! After the logrithmic 

transfonration. 

I TIPPING 

100% 

lSd. 22d. 
--

Conti 12d. 19c. 

6.7 6.3 - 7.1 7.2 

3.2 2.4 - 2.2 2.2 

6 7 - 11 15 

3.5 3.9 4.3 4.9 5.0 

6 7 1!5 11 15 

a a a a a 
I 

7.2 7.3 8.5 8.3 7.9 

6 7 16 11 15 

b b a ab b:: 

A A l\ I\ A 

26d. 

7.4 

2.2 

13 

5.2 

13 

a 

7.7 

13 

c 

I\ 
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Field studies 

Treatrrents had little ef feet on the number of fl avers per shoot 

(Table 7b). However certain trends were evident although no statistical 

significance shcxved. 

Defoliation appeared to slightly increase flcwering at both sample 

dates, the trend being greater with the nore severe treabnents. The 

earliest complete defoliation treatrrent (10 dabb.) increased the number of 

flc:Mers per shoot from 4.9 to 5. 8 at the early sample date and, by the 

bloo..m sample date, fr0i~ 4.3 to 4.8. 

Shading slightly increased flo;\-ering 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 flcwering. 

Tipping treatrrents were without effect at the early sample date, but 

by bloom appeared to slightly increase flowering. 

(b) Average ovary or flo;\1er bud size per shoot 

Single node cuttings 

Defoliation, particularly canplete defoliation, appeared to increase 

the average flower bud size per shoot (although trends were not significant) ; 

the treatrrent prior to bud burst increased the average size from 3.2 mm. 

to 4. 8 nm. (Table 7a) . Further, total shading slightly increased the 

average flcwer bud size (to 4.4 mm.). 

Partial shading and tipping treatrrents were generally without effect. 

Field studies 

Defoliation and shading treabnents 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 bloom sample (Table 7b). For 

both defoliation and shading treatrrents slight trends were generally 

apparent with both application date and treatrrent severity; ie. the 

earlier and/or nore severe the treatment, the TIDre marked the effect 

(depression) • 

Although the earliest tipping treatrrent (12 dabb.) increased average 

ovary size slightly (but not significantly) at the early sample date, 

average ovary sizes for all tipping TCk:-u'1ipulations were slightly decreased 

(but not significantly) by t.he bloom sarnpling (Table 7b). This bloom tirre 

effect was nore marked with successively late tipping treatrrents. 
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II VEGETATIVE GRCXtv°'TH 

(a) Leaf grCJW'-Lh 

For shading and tipping treatments, the number 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 obtained by 

surrn:ning the number of leaf axils (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 gr0ht11 that 

was conipletely chlorotic (Fig. 25). While tc1le pigment content was lov;r in 

heavily shaded shoots in the field, green pigrnentation was present, even 

when shading cal!m2Ilced prior to bud burst. 

(i) Leaf production per shoot 

Single node cuttings 

Shading, especially heavy shading decreased the number of open leaves 

(Table Sa and Fig.27). 

Clearly the number of open leaves pc--r 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 coniplete treatments (Table Sa and Fig.29a). 

Figure 29a which shavs the effect of defoliation on leaf production 

was obtained by recording the number of leaves removed over the experi

mental period. After 25 dabb., leaf production following coniplete 

defoliation prior to bud burst (lS.2) was significantly greater than that 

fran later coniplete defoliation treatments which in turn were still 

significantly greater than that fran the control (11.1). 

Field studies 

As with the single node cuttings, shading treatments decreased leaf 

production (Table Sb). The effect was more marked with more severe 

shading and with tine of treatment camiencement. lt\lllile light shading had 

little effect on leaf production by t.he early sample date, severe shading 

(from bud burst) significantly decreased t.he number of open leaves per 

shoot, from S.l to 5.6 (Table Sb). At the bloom recording both partial 

as well as severe shading shO\~ed significantly decreased leaf production. 

The act of tipping clear 1 y reduced the number of opc.__n leaves per 

shoot. 

\"711.ile partial defoliation had little effect on leaf production, 



Table 8 

The effects of defoliating, shading, and tipping on 
the number of open leaves (or the total number of leaves) 
per shoot and the average leaf size per shoot in Hayward 

(a) Single node cuttings. 

OF.FOLL\ TI ON 

50% 100% 

Cont 5<l. lOd. Prior Sd. lOd. 

Nunber of qien leaves 6.S 

Nmber of replicates 20 

Significance 5% level ai 

Average leaf size (cra.) 4.5 

Nml::>er of replicates 20 

Significa.'1Ce 5% level be* 

Significa.'lCe l % level AB 

Total nml::>er of lea\·es 11.1 11..9 11.8 18.2 13.3 14.1 

Nurber of replicates 20 10 10 6 9 10 

Significance 5% level c c c a b b 

Significa.'lCe 1% level D CD c A BC B 

(b) Field studies. 

DEFDLIATIO'.'! SP. ... '\DE 

Sarrple date A 50% 100% 50% 100% 
(see 01.2) Cont lOd. lOd. Cont- ld. ld. 

Nml::>er of op2n leaves 8.1 8.8 5.6 

Nurber of replicates 12 12 10 

Significance 5% level a a b 

Significance 1% level A A B 

Average leaf size (cra.) 5.2 6.5 3.2 

Nunber of replicates 12 12 10 

Significance 5% level b a c 

Significance 1% level A A B 

Total nurrber of leaves 14.2 14.4 16.3 

Nurrber of replicates 10 9 10 

Significance 5% level a a a 

DEFOLIJ\TIO"l 

Sarrple date B 50% 100% 
(see 01.2) Cont lOd. 17d. 24d. lO<l. 17d. 24d. Ccnt 

Nurl:x:!r of qien leaves 11. 7 

llmber of replicates 16 

Significance 5% level a 

Significance 1% level A 

Avcra;:;e leaf size (an.) 10.2 

Nwbcr of replicates 16 

Significance 5% level a 

Significance 1% level A 

Total nurl:x>r of lcavl:s 15. 7 15.6 14.3 15.9 18. 7 22.2 17.4 

Ntrnl;x,r of replicates 16 14 12 13 17 9 14 

Significance 5% level c c c be b a be 

Significance 1% level llC llC c oc AB A oc 

S!Ll\DE 

soi ]00% 

Pric .. Prior Sd. 9d. 

6.0 3.4 5.7 5.4 

10 7 9 9 

a b a b 

4.4 1.9 5.4 5.0 

10 7 9 9 

be d a ab 

B c A AB 

TIPPING 

Cont 12d. 19d. 

10.2 8.1 8.0 

11 11 10 

5.9 7.8 7.6 

11 11 10 

b a a 

B A A 

SHlDE 

50% 100% 

ld. lSd. 22a. j 1a. lSd. 

7.8 8.9 9.7 6.3 6.3 

20 7 11 6 3 

be abc ab c c 

B AB AB BC BC 

9.7 9.5 9.8 4.5 3. 7 

20 7 11 6 3 

a a a c c 

A A A c c 

TIPPD:;G 

13d. 15<l. 17d. 

7.6 6.8 8.2 

10 10 10 

a a b 

4.2 4.6 4.5 

10 10 10 

c be be 

B AB AB 

Q1e way a.'1alysis of variance 

follcwed by Duncan's Multiple 

Range Test. 

f In this case analysis of 

variance was not applicable. 

A Kruskal-Wall.is Test was 

used folla,'e<J. by Dunnett' s 

Test for significance with 

the control. 

* Treatrrents with no letter 

in camon are significantly 

different at that level. 

TIPPn:G 

22d. Conti l2d. 19d. 24d. 

2.7 11. 9 7.6 8.0 8.3 

3 15 11 14 13 

d 

c 

6.6 10.4 10.3 9.2 10.6 

3 15 11 14 13 

b a a a a 

B A A A A 



Fig.29 
~0 • The effect of defoliation treatments on leaf production in Hayward. 

(a) Single ncde cuttings. 
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complete defoliation increased the number of leaves (Fig.29b). By the 

early sample date, the trend had beccrne apparent and by bloom the 10 dabb., 

and 17 dabb., treatnents were significant (Table 8b) . 

(ii) 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 to 1.9 cm. 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 studies 

As with the single node cuttings heavy shading reduced greatly, 

although not significantly, the average leaf size (Table 8b). 'Ihis effect 

was noticeable at the early sample date as well as at the bloom sampling. 

Partial shading was without apparent effect. 

Tipping treatments slightly prorroted 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 treatnents generally prcmoted shoot length (Table 9a). 

'Ihis effect was particularly noticeable for the defoliation treatrrent 

prior to bud burst. 

'lbtal shading, on the other hand appeared to retard shoot grcwth 

although not significantly. Partial shading was without effect. 

The effect of tipping was more noticeable in stopping shoot grcwth 

with early treatments. 

Field studies 

As the variability of the control data was so high (for mean values, 

see Fig.4; the error of prediction as a percentage of the prediction 

being 65%), no analyses were carried out on this parameter. 

In contrast with the single node cuttings, defoliation (especially 

complete) appeared to retard shoot gro;vth (Table 9b). Complete defoliation 



Table 9 

The effects of defoliation, shading, and tipping 

on the shoot lengt.h and thickness in Hayv..rard. 

(a) Single node cuttings. 

Dr:?C"LTATICN s•,.'>Jlr.;c 
50% 100% 50% 100% 

Cont Sd. lOd. Prior Sd. lOd. Prior Prior 5d. 9d. 

Shoot length (cm.) 5.3 6.3 6.9 

I 
8.2 5.3 6.0 5.4 3.0 5.6 4.8 

Nu±€r of replicates 20 10 10 6 9 10 10 7 9 9 

Significance 5% level lx:* ab ab I a lx: ab lx: c b lx: 

Significa.'1ce 1 % level A A A 
IA 

A A A A A A 

Shoot thickness (nm.) 4.0 4.1 4.0 4.2 4.1 4.0 3.8 3.5 4.3 4.0 

Nurber of replicates 20 10 10 6 9 10 10 6 9 9 

Significance 5% level a a a a a a a a a a 

Cb) Field Studies. 

!EFOLL\TIOol S~l.D~~G TIPPING 

Sarrple date A 50% 100% 50% 100% 
(see Ch.2) Cont lOd. lOd. Cont ld. ld. Cont 12d. 19d. 

i 
Shoot length (cm.) 

16.11 12. 7 10.6 

Nt:rrbo..r of replicates 9 10 
14.91 16.5 15.6 

12 11 
16.71 14.1 14.4 

11 10 

Shoot thickness (mn.) 5.2 4.8 4.8 5.3 5.1 4.9 5.3 5.8 5.2 

Nmber of replicates 10 10 9 12 12 .11 11 ll 10 

Significance 5% level a a a a a a a a a 

DEFOLJATICN SHADI!'G 

Sarrple date B 50% 100% 50% 100% 
(see Ch.2) Cont lOd. 17d. 24d. lOd. 17d. 24d. Cont ld. 15d. 22d. ld. 15d. 

TIPPING 

13d. l5d. 

5.8 5.2 

10 10 

b lx: 

A A 

4.2 4.1 

10 10 

a a 

22d. Cont 

Shoot length (cm.) 29.7 29.6 22.4 27.0 20.0 29.7 19.6 29.7 19.8 22.l 28.3 33.0 47.2 12.8 32.6 

Nurrbcr of replicates . 14 12 13 17 9 14 20 7 ll 4 2 5 

Shoot thickness 7.4 6.3 6.0 6.4 5.2 5.7 5.8 7.0 5.6 5.9 6.5 5.9 5.6 5.5 7.2 

Nuiix!r of replicates 16 14 12 13 16 9 14 16 18 7 10 11 6 7 13 

Significance 5% level a~ b b b b b b a lx: lx: ab lx: be c a 

Significance 1% level A B B AB B B B A 

17d. 

7.0 

10 

ab 

A 

4.4 

10 

a 

TIPPING 

12d. l9d. 24d. 

14.9 15.0 20.3 

11 15 13 

6.7 6.5 6.8 

ll 13 13 

a a a 

A A A 

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

# In this case analysis of variance was not applicable. A Kruskal-Wallis 
Test was used followed by Dunnett'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 fra:n 16 .1 to 10. 6 an. at the 

early sample date and by bloom was 20.6 an. conpared with the control value 

of 29. 7 cm. 

Also in contrast with the single node cuttings, shading appeared to 

have little ef feet on shoot grcwth; figures were inconsistent. As with 

the single node cuttings, tipping reduced (e:r.-pectedly) shoot growth, the 

size of the reduction being related to the earliness of tipping (Table 9b). 

Defoliation treatrrents had a rrarked influence on internode gro;-Tth. 

In the field, the average internode length (mean shoot length 7 mean total 

number of leaves) was greatly decreased by all complete defoliation treat

rrents; the earliest (10 dabb.) treatrrent reducing the average length from 

1. 89 cm. (control) to 1. 09 cm. Partial defoliation appeared to have little 

effect. 

In the single node cuttings ha.vever, defoliation treatments, even 

complete defoliations, only slightly reduced internode grONth. This was 

because shoot grONth was increased (Table 9a) (along with leaf production) 

and not decreased as was generally the case in the field (Table 9b) • 'Ihe 

average internode length for the prior to bud burst treatrrent was 0.45 cm. 

(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 treatrrent prior to bud burst appeared to have a slightly prOITDtive 

effect (Table 9a). 

Shading slightly retarded thickening only when the treatment was severe. 

Shoot thici'...ness 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 treatrr:ei."1t and to the length of 

ti.Ire the treatments were applied (Table 9b). 

Tipping slightly prcrroted shoot thickening at the early sample date 

but by the bloom sainpling was slightly retarded. 
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III NEW BUD DEVEIDPMENT 

The number of leaf primordia in the axil immediately distal to the 

uppeTITDst flowering axil were recorded to assess the effect of treatrrents on 

new bud developrrent. It is these buds that develop into fla.vering shoots 

next year. 

Single node cuttings 

Complete defoliation stimulated new bud development; the earliest treat

ment increased significantly the number of leaf primordia from 6.8 to 9.8 

(Table lOa). Partial defoliation ha.vever appeared to decrease slightly bud 

developrrent. 

Shading greatly decreased bud development with the total shading treat

rrent decreasing numbers from 6.8 to 3.8. 

As early (5 dabb. , and 9 dabb.) tipping rerroved all the axils contain

ing the developing buds no data were available fm'U these treatrnents. No 

consistent trends were evident folla.ving later tipping. 

Field studies 

Defoliation appeared to have little effect at the early sarrple dater 

but by the bloom sarrpling corrplete defoliation significantly decreased bud 

development, while partial defoliation appeared to slightly increase bud 

development (Table lOb). 

Both shading treatments pro:rroted significantly bud development at the 

early sarrple date, but by the bloom sarrpling bud development was decreased 

significantly. 

As the tipping treatrrents on shoots in the field were carried out 

later than on the single node cuttings this parameter could be recorded for 

all treatrrent dates. Tipping treatments pro:rroted significantly bud develop

ment at the early sarrple date but by the bloom sarrpling this increase was 

not significant. 

C. DISCUSSION" 

It seems highly probable that the pattern of metabolite :rroverrent in 

the Chinese gooseberry is basically similar to that of other deciduous fruit 

trees and vines. 

'Il1e overall situation in the case of the single node cuttings is less 

complex than in the field studies. The shoot is physiologically isolated 

and there are fewer grovlth centres competing for essential rretaboli tes and 



Table 10 

The effects of defoliation, shading,and tipping on 

the nurrber of leaf primordia in the new bud in Hayward. 

(a) Single node cuttings. 

l'r:FOLIATIO'< Slt"-'!T:;G 

50% 100% 50% 100% 

Cont Sd. lOd. I Prior 5d. lOd. Prior Prior Sd. 9d. 
I 

1''urber of leaf prirrordia 6.8 6.1 6.7 9.8 7.9 8.8 5.0 3.8 - -
Nurrb2r of replicates 20 9 10 6 8 B 9 6 - -
Significance 5% level od cd od a J:x:: ab d e - -
Significance 1% level BC B:D e.c: A AB AB m D - -

(b) Field treatments. 

1)-:::::FOLIATICN SHl\CT:~G TIPPING 

Sample date A 50% 100% 50% 100% 
{see Ch.2) Cont lOd. lOd. Cont ld. ld. Cont 12d. 12d. 

NUti:Jer of leaf pr~TOrdia 8.9 8.8 9.1 7.9 10.4 9.6 8.5 10.6 10.l 

Nurber of replicates 10 9 10 12 12 10 11 11 10 

Siqnificance 5% level a* a a b a a b a a 

Siqnificance 1% level A A A B A AB A A A 

DEFOLIATI<N SHADING 

Sanple date B 50% 100% 50% 100% 

TIPPING 

13d. lSd. 17d. 

6.4 8.0 6.9 

9 8 10 

cd be c 

BC lill BC 

TI?P!XG 

(see Ch.2) Cont lOd. 17d. 24d. lOd. 17d. 24d. ld. lSd. 22d. ld. 15d. 22d. Cont 12d. 19d. 

I 

24d. 

Nur:ix!r of leaf prirrordia . 12.8 13.9 14.3 13.6 10.1 11.1 10.9 13. 7 11.8 11.9 12.7 11.6 10.5 10.5 13.9 15.0 14.6 15.5 

NU1bcr of replicates 16 14 12 13 17 9 12 16 16 7 10 11 2 6 14 11 14 12 

Significance 5% level b ab a ab c c c a;} b b a b b b a a a a 

Significance 1% level A A A A B B B A A A A 

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

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

* Treatments with no letter in common are significantly different at that 
level. 
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treatrrent effects on the cutting are not influenced by the effects of other 

shoots, or by other growth centres (eg. roots) in t.he parent vine. 

Studies on unrooted grape cuttings have shown that there is little 

(if any) increase in the total dry weight of the shoot and cane (46) and 

studies on pre-rooted cuttings indicate that there is little increase in 

total dry weight of the cuttings during the first rronth after bud burst 

(224). T'nis may suggest that the growth of the shoot system in the Chinese 

gooseberry is largely dependent on reserves in the cane. 

During the pre-bloom and bloom period, developing flo; .. ler buds have 

only limited abilities to attract netabolites and are weak sinks compared 

with the shoot apex, developing leaves and other growth centres (eg. roots) 

in the parent vine (127,131,224). 

Defoliation 

Leaves, during their expansion phase contribute little to growth and 

are .importers (sinks) rather than net suppliers of ID2tabolites (67,169). 

In many deciduous perennial plants, Ward1aw (310) and others (127,176,188, 

252) have found that a leaf does not become a contributing orga.'1 until it 

has reached one-third to one-half its final area. However, leaves, partic

ularly very young leaves, are kno;vn producers of auxins (27,164,332), 

gibberellins (102,115,164) and inhibitors (332) and their rerroval wou1d 

cause a deficiency of those substances. 

'Ihe effects of leaf rerroval on the various gra.·11:.h centres may be 

interpreted in terms of photosynthate redistribution and/or in terms of 

hormonal responses. 

In the single node cuttings t.he total leaf area per shoot was still 

expanding rapidly for a large proportion of the experiID2ntal period and the 

effects of continuous defoliation on such shoots indicated just ho.v strong 

an influence exr)anding leaves had on grow· .... J1 and developnent. 'Ihe effects 

were related to the severity of the treatffi2nt, and to the length of tine the 

treatrrent was applied. While the partial (distal 50%) defoliation treatnents 

were generally stimulatory, their effects may not be proportional to the 

leaf area rerroved as the rerraining proximal portion of the leaf would likely 

have some sink capacity. 

'Ihe stirnu1atoi-y effects of defoliation on reproductive development in 

the single node cuttings corresponded with that found in rooted grape 

cuttings (224). In rooted grape cuttings, Mullins (224) shov.:ied t.1iat 

inflorescence gra.·rth usually ceases soon after bud burst, but by rerroving 

the leaves (up to the axil containing the one inflorescence that was 

allowed to remain) , the infloreso::.__nce survived to bloom and was able to set 
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fruit. This was explained in tenns of the inability of the infloresce..'lce 

to compete with the leaves and other organs for available fcxx1 supplies. 

A similar explanation1 based on competition, is likely to be the 

reason for the greatly stimulated flcwer numbers and average flower bud 

size in Chinese gooseberry cuttings as the result of defoliation (Table 7a). 

Like the grape, flCMBr evocation had already comrenced (Ch. 5) and the 

effects of defoliation in the Chinese gooseberry cuttings probably would 

have been to divert rretabolites, that would otherwise have been channeled 

into leaf gra:.vt.h, into developing fla.1er buds. The greatly increased nurnber 

of f lcwer buds per shoot was the result of stimulating sorre of those 

fla,.,;ering axils into growth which nonnally (see Ch. 3) would have al::::orted 

early (Table 7a) • 

In cases where evocation is stii.-nulated, for example, when torrato 

seedlings are continually defoliated from errergence, the effects have bee..11 

explained largely in ho.11tDnal terms as even the presence of one leaf greatly 

reduced the stimulation (291). A fla..vering inhibitor was thought to be 

present in the leaves and its rerroval by continuous defoliation produced 

the stimulation. 

When individual shoots in the field were continuously defoliated the 

pattern was hcwever different to that found in the single ncde cuttings. 

As rrost of the leaves were still expanding at the early (31 dabb.) 

sample date (see Ch. 3) , the significant increase in the m:rrrb=>..x of flavers 

per shoot was probably due to the elimination of a ccrnpetitive net sink 

(Table 7b). Early defoliation removes organs which would later provide 

rretaboli tes for the gra.ving flowers. Therefore it TIBY have been expected 

that, by bloom, the number of fla.·lers per shoot would have been reduced 

especially by the continuous total defoliation treatrrents. Results sha.\td 

that this was not the case (Table 7b) and suggests that rretabolites were 

irrported fran outside the treated shoot as shovm for grapes (252). 

Various vegetative pararreters of shoot gratlth were affected by contin

uous defoliation and results generally agreed with those reported in other 

fruit trees (19,27,102,115,164). The greatly stimulated leaf prcduction 

(Fig. 29, Table 8), also reported in the apple (19, 164) is li.l<ely to be due 

to the removal of sane inhibiting substance(s) present in leaves and/or to 

the greater continued attraction of metabolites to the shoot apex sane of 

which otherwise would have been channeled into leaf grovlth. 

Internode gra;q·th was greatly in..11ibited by continuous defoliatioo, an 

effect especially marked in individual shoots in the field as shoot gravth 
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was also inhibited (Table 9b). These effects have also been re)?8rted in the 

apple (164). As imnature leaves act as metabolic sinks (310) their reiLDval 

might then be assuned to free metabolites for growth elsewhere (eg. to 

intern.odes). Since defoliation in Chinese gooseberry causes a reduction in 

intern.ode length, this implies the effects of a specific factor(s) as 

postulated in apple stems by Barlo:v and Hancock (27). Since gibberellins 

are synthesised in very young leaves (102,115,164), and will pranote inter

nodB growth when exogenously applied (115,164,254), a deficit of these 

substances TIBY be the cause of the decreased intern.ode growth and have 

since been proposed to constitute a major part of Barlow and Hancock's 

inhibitor (102,115,164). 

The stimulation of shoot growth, as the result of continuous defoliation 

in the single node cuttings contrasts to its inhibition in the field and 

could be due to a number of factors. If factors governing leaf production 

and intern.ode gro:vth were (partially) dependent on reserves or metabolites, 

they may be relatively TIDre available in single node cuttings. Again, the 

sink capacity of the apex TIBY be greater canpared with that in the field. 

The fact that the average intern.ode growth in the single node cuttings was 

less inhibited (approximately 90% compared with approxiTIB.tely 65% in the 
I 

field for canplete defoliation treatments) may be the result of lov.:er inter-

n.ode growth factor (higher gibberellin) levels (27) in the detached shoot. 

This :rray either be because levels produced in single node cutting ,leaves 

were relatively lo:ver compared with that in the field and/or the leaves were 

rerroved before relative rraximum levels were produced. As leaves in the 

single node cuttings were renoved at an earlier stage of develop:rent, sarB 

sup)?8rt for this latter theory comes from the finding that, in the apple, 

rraximum GA levels per leaf were not attained until they had reached one 

half their ultiTIB.te size, and that levels in folded imrrature leaves were 

even lo;ver than those in full sized leaves (164). This view is further 

supported by the finding that the defoliation prior to bud burst (where a 

large proportion of the leaves rerroved were at the folded :im:nature stage and 

less) resulted in the least reduction of internode gro:vth (canpared with 

both the total defoliation treatnents on other single node cuttings and 

with all similar defoliations in the field). 

The axillary buds, in which next years' flowering shoots will fo:rm are 

greatly influenced by their subtending leaves (28,127). The stimulation 

of axillary bud developrrent by continuous defoliation in single node 

cuttings is probably the result of modification of the pattern of meta

bolite rnove.TTl2nt within the shoot by the elimination of a powerful competing 



sink (young leaves). In the field this situation may have been the case 

when shoot grcwth was largely dependent upon reserves rrobilised from the 

parent vine, as evidenced by the stimulation recorded at the early sarrple 

date. When the leaves becarre net exporters however, continuous total 

defoliation \>JC>uld remove this source of metabolites and would greatly 

curtail axillary bud development and this is what was recorded at the 

bloom sample. 
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In the grape, axillary buds have been shown to be a minor sink during 

the prebloom and bloom periods compared with the developing fla·1er clusters 

(127,254). In the Chinese gooseberry, this sarre possibility was supported 

by the finding that, whereas axillary bud development in defoliated shoots 

in the field was inhibited by the bloom record, flower bud growth was not. 

Shading 

The influence of shading on overall growth and development \>JC>uld be 

expected to be generally less definitive compared with defoliation as the 

sink and source capacity of the leaves are not completely eliminated, 

although when comparing heavy shading (as used in the single node cuttings), 

the effects may not differ greatly from total defoliation. The effects of 

shading however are more complicated than those of defoliation as (unlike 

the other treatments) all the various gro1Yth centres are likely to be 

influenced to a greater or lesser degree by the shading treatments per se. 

The effects of shading on growth and developrrent (in the cutting 

material and in the field) were generally not marked unless the treatments 

were severe. As with total defoliation, differences in the effects of 

severe shading on reproductive develoµnent were found bebveen the single 

node cuttings and individual shoots in the field (Table 7). In the single 

node cuttings, total shading severely reduced the nUIIllY=>--r of flower buds 

per shoot. This was due to the large scale abortion of the flONer buds, 

mainly over t.1-i.e later part of the experimental period; possibly either due 

to a relative reduction in the sink capacity of the developing flo;ver buds 

and/or to a reduction in the levels of available reserves (248). 

The shading of individual shoots in the field however did not result 

in this reduction in flower numbers per shoot - even at the bloom sample 

date (Table 7b). As with defoliation, shading individual shoots may have 

induced the transfer of assirrJlates to the developing flONer buds from 

outside the treated shoot, an effect reported in grapes (254). The overall 

sink capacity of the flader b~ids may have been ladered by severe shading as 

the average ovary size per shoot was slightly reduced by servere shading. 

(In the single node cuttings, the average flo.ver bud size per shoot of 
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t.hose remaining was actually increased, presumably because of the extensive 

abortion of a large proportion of buds. ) 

Overall vegetative developrrent was only retarded greatly when shading 

was severe; light shading on individual shoots was either without apparent 

effect or was slightly stimulatory (Table 8 and 9). I.eaves on shoots 

severely shaded prior to their expansion made only very limited grONth, 

probably did not becorre photosynthetic (especially in the single node 

cuttings) , and usually abscissed. This effect, also noted in other fruit 

trees (210), sho.vs that the factors required for the rraintenance and growth 

of leaves are not produced under very lo.v light intensities and are not 

readily translocated from leaves on other shoots receiving adequate light. 

Tnis possibly suggests that the factors for leaf gro:.vth are IrDre 

specific than for f lCNJer bud grovrth as shading had much less effect on 

flower bud developm:mt than leaf develop.llent. This also possibly suggests 

that shading rray alter the relative competitiveness of the two sinks 

(favouring the fla.ver buds). 

Shoot thickening was greatly retarded (T-"'able 9), presumably as the 

leaves on shaded shoots were of 1()1'.V capacity for photosynthesis. 

Although the severe shading nay initially stimulate axillary bud 

developrrent (possibly due to a IrDdification of rretabolite rroverrent within 

the shoot) , the effects (Like those of total defoliation) were, by the 

final recording shov.rn to be greatly inhibitory (Table 10). This indicates 

the considerable influence of the subtending leaves. Similar inhibitions 

of bud develop.T1A.._nt by severe shading have been reported for grapes (203). 

Tipping 

The shoot apex, a pcwerful rretabolic sink, influences the pattern of 

photosynthate rroverrent within the plant, and its rerroval can greatly 

rrodify that pattern (67,68,127,195,252,254). In grapes, tipping can 

greatly inprove fruit set although results are often variable (67). 

Present results on the Chinese gooseben_-y sho:11ed that tipping was 

generally without effect. One reason for the lack of response (in both the 

single node cuttings as well as in individual shoots in the field) rray be 

the fact that only the shoot apex was rerroved and the still expanding leaves 

which rernained are probably still a strong competitive sink for rretabolites. 

Tnis explanation was put forward by Ccombe (66) when he stated that in sane 

circumstances on the grape, topping (the rerroval of 6 inches or IrDre of the 

shoot) produced a greater response than tipping. 

Again, the overall lack of response from tipping of individual shoots 

in the field rray have resulted in the n-ovenent of rretabolites from the 
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treated shoot to neighbouring untreated shoots rather than to the other 

growth centres (sinks) within the treated shoot. In a slightly different 

study, Quinlan and Weaver (254) shawed this to be the case where individual 

grape shoots were tipped and deblossorred. 

Because of the possible atypical responses when applying treatrrents to 

individual shoots in the field and the many impracticalities of treating 

whole vines in the field it would be of considerable practical benefit to 

obtain srrall test plants for such an investigation into the physiology of 

flowering and fruiting of A. chinensis. 'While the use of the single node 

cuttings is of benefit caution is required in extrapolating the responses 

to the field situation (where a shoot does not becorre self sufficient and 

the leaf area is effectively mostly a net importer). The use of dormant 

one year old cuttings would still be the ideal system if roots could be 

induced without the loss (abortion) of the flov..-er buds as cuttings could 

be collected, stored and used throughout the year. Future research may 

find that the level of competition irrmediately after bud burst (which is 

the critical period) nay be sufficiently reduced by inducing roots prior 

to the bursting of the shoot or by defoliating up to the last fla.vering 

axil while roots were being initiated. These rrethods have been used in 

grapes to obtain srrall test plants (46,224). 

Although Hayward comprises over 90% of the Chinese gooseberry 

plantings, a cultivar like .r.bnty would be nnre suited for such test plant 

flowering studies. This is because its buds burst more readily and it 

nonnally bears larger numbers of flowers (Ch. 6). Any treatrrent effect would 

therefore be more readily noticed. 



Chapter 5 

THE EFFECT OF CHILLING ON THE TERMINATION OF 
REST AND FLOWERING 

A. INTRODUCTION 

Certain species, notably the olive (124), have a chilling requirernent 

for flc:wering evocation. As well, many deciduous fruit tree species have 

a chilling requirernent to terminate the rest period (60). 

The require.rrent of chilling temperatures to evoke f laNering in the 

olive is very specific (22). Under controlled environmental conditions, at 

least 10 weeks at a constant temperature of 13°c were required for flower

ing (124), but that could be rrodified by diurnally fluctuating temperatures 

(22). However, the floNering response under controlled environmental 

conditions was less than that occurring naturally, and neither the mean 

temperature or the accumulated mnnber of hours below a given value, 

eg, 7°c, adequately characterised those requirements. 

The chilling require.rrent to overcorre rest varies between fruit tree 

cultivars (60), but methods to quantify that requirement have not been 

totally successful (267). Generally, chilling requirement values vary, 

frcm a high for ITDst apple and pear cultivars, to apparently none for sa.-ne 

grape cultivars (60). 

Nothing has been reported in the literature regarding the effects of 

lON temperature on flONer developrrent, or on the tennination of rest, in 

the Chinese gooseberry. 

This study set out to investigate such effects using single node 

cuttings (previously described), taken at three-weekly intervals from late 

autumn to early spring, from the pistillate cultivars Hay;vard and :Monty, 

and the staminate clone Alpha. At each sample date (1-7), cuttings were 

chilled for increasing periods (10 day intervals up to 50 days) at 4°c in 

the dark before being placed at 23°c under continuous light. (A.B.C.D.E. 

chilling treabnents.) An unchilled control (O) was also included at each 

sample date. 

It should be recognised that during the course of the sampling, the 

vines left in the field underwent a degree of chilling, but this was not 

very intensive compared with the chilling treabnent. 

The folla,-1ing are the mean of the maximum and minimum temperatures (0
c) 
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for Oratia for 1972, covering the period 'When sampling was carried out (228). 

Mar. Apr. lvE.y Jun. Jul. Aug. Sep. Oct. 

18.6 15.9 12.7 9.6 10.3 9.3 12.6 13.8 

The temperatures for the Kumeu samples were within 0 0.5 C of the Oratia 

values. 

B. EXPERIMENTAL OBSERVATIONS AND RESlJl:..TS 

I BUD BURST 

(a) Days to bud burst 

From the earliest sample date (early May), cuttings frcm all cultivars 

could be forced into grc:wth without supplementary chilling (Table lla and 

Fig. 30) • At sample date 1 without su-ppleIDP....ntary chilling, buds of Hayward , 

Alpha and M:mty took 42, 25 and 37 days respectively for 50% of the 

replicates to reach the stage of bud burst (Table lla) . With later sample 

dates, and with increasing chilling, the length of the rest period 

diminished. 

The response to chilling was :rrore marked up to treatment B (20 days 

at 4°C) , but then became less evident up to treatment E (50 days at 4°C) • 

Chilling treatment effects were :rrore marked at the earlier sample dates 

(sample dates 1 and 2) and, over the later sample dates, became less 

noticeable (Fig. 30) . These trends were especially evident in the Hayward 

and 1'-bnty cul ti vars. 

(b) Percentage bud burst 

There was an apparent increase in the percentage of buds that burst, 

l::oth with natural chilling (sample dates) and with chilling treatments 

(Table llb) • This was :rrost evident in Hayward where sample date control 

values increased frc:m 60% at sample date 1 to 100% by sample date 6. 

Similar trends were also noted for t.1-ie chilling treatments, especially 

at the earlier sample dates. 

With l::oth natural chilling (later sample dates) and chilling treatments, 

the time between the first and last buds to break was also reduced, ie. 

bud burst was :rrore even at later sample dates and with increasing chilling 

treatrrents. 



Table 11 

The effects of the period of chilling ani the date of sampling on : . 
(a) (b) 

'Ihe days to bui burst. 'Ihe percentage bud. burst. 
HAYWARD 

Treatment Cont A B c D E Cont A B c D E 

Date 
1. 42 31 23 20 17 60 60 100 100 100 
2. 46 38 24 19 13 60 60 100 80 100 

3. 36 28 26 23 13 80 100 100 60 100 
!1 
Lj· 0 35 28 22 22 15 11 80 80 80 80 80 80 

5. 29 21 19 11 9 9 80 80 100 100 80 80 
6. 20 19 16 12 9 8 100 80 80 80 100 100 

1. 13 9 9 7 7 6 100 100 100 100 100 100 

AL..PHA 

Cont A B c D E Cont A B c D E 

1. 25 26 16 15 15 100 100 100 80 60 
2. 35 26 21 19 13 60 60 100 100 100 

3. 33 26 20 19 11 100 100 80 100 100 
4. 32 22 20 13 10 10 100 80 100 100 100 80 

5. 22 14 12 11 9 8 100 100 100 100 100 100 
6. 19 13 9 9 7 6 100 100 100 100 100 100 

7. 10 8 7 7 5 5 100 100 100 100 100 lCO 

MOOTY 

Cont A B c D E Cont A B c D E 

1. 37 37 24 19 14 60 100 100 100 100 

2. 37 28 23 17 12 100 100 80 100 100 

3. 29 21 18 16 10 100 100 100 80 100 
4. 27 20 16 13 11 9 80 100 100 100 100 100 

5. 19 14 10 10 9 8 80 100 100 100 100 lCO 
6. 12 12 9 7 6 6 80 100 100 100 100 100 

7. 8 6 6 6 5 4 100 80 100 100 100 100 



Fig. 30 

'lhe effect of the perio::i of chilling and. the date of sampling on 

the number of days to bud burst. 
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II FL()ltIBR BUD DEVEIDPI'1EI:..1T 

(a) Number of reproductive axils per shoot 

Obser:vations on dormant buds taken at each sample date supported 

the previous year's finding that flo;ver initiation did not comnence until 

around bud movement (Ch.3). Buds, v.1hen forced into gro.vth (and 

destructively sampled 20 dabb.) were found to be in the reproductive state, 

as judged by number of reproductive axils present (Table 12a). Apart from 

a suggestion that there may be slightly fewer reproductive axils at the 

first sample date (early Ma.y), results generally indicated little change 

in the number of such axils with sample date, or with increasing periods 

of chilling. The average number of reproductive axils per shoot varied 

between cultivars from approximately 7.7 in Alpha and 7.1 in Hayward, to 

6 . 2 in !'Dnty. 

(b) Number of aborted (aberrant) reproductive axils 
per shoot 

The number of aborted reproductive axils per shoot generally 

decreased, both at later sampling dates and with increasing chilling 

treatrrents (Table 12b) . There was considerable variability between the 

cultivars in the number of aborted axils, at all sample dates, and after 

increasing chilling treabnents. Generally, the number of aborted axils 

per shoot decreased markedly, from a maximum of approximately 6 for 

Hayward and !'onty, and 4 for Alpha over the earlier control sample dates, 

to approximately just over 3 in Hayward and Monty and 1 in Alpha at the 

last sample date. The rate of decrease was particularly noticeable in 

Alpha, especially over the earlier sample dates. Generally, the effect of 

chilling treatrrents on the nunber of aborted axils were less marked, except 

for Alpha where values fell markedly, particularly at earlier sample dates 

(Table 12b) . 

From the kncYwledge obtained during the previous season (Ch.3) it was 

possible to separate the structures in aborted axils into those which 

aborted early (ie. did not initiate petals) and those that aborted later 

(ie. petals present) (Table 13). 

The relative number of early and late aborted axils varied between 

cultivars as did their rate of decrease with increasing chilling treatrrents 

and later sample dates. Generally the numbers for the early aborted axils 

fell over the initial 2-3 sample dates and then remained steady (Table 13). 

In the Hayward and J\bnty, numbers of late. abortions fell steadily over 

all the sample dates, approaching zero at later sample dates (Table 13b). 
LIBRA.RY 



Table 12 

fue effect of the peri<Xi of chilling on the date of sampling on : . 

(a) (b) 

llie number of The nunber of 
repr<Xiuctive axils per shoot. aborted axils per shoot. 

HAYWARD 

Treatmant Cont A B c D E Cont A B c D E 

rate. 
1. 6.3 5.8 6.0 8.o 6.3 . 5.8 6.o 8.o 
2. 5.0 4.7 5.2 6.5 7.4 5.0 4.7 5.2 6.5 7.4 
3. 7.5 6.8 8.o 7.7 7.6 7.5 6.8 8.o 1.1 6.o 
4. 8.5 7.5 7.0 8.o 7.5 7.8 8.o 7.3 6.8 5.0 4.o 4.o 
5. 7.8 8.8 8.6 8.8 7.8 8.0 5.3 4.o 3.4 3.8 3.5 3.0 
6. 7.4 8.o 7.5 7.5 8.6 1.2 5.4 4.o 4.3 4.3 3.4 3.2 
7e 7.4 8.2 8.5 9.0 1.0 8.o 3.4 3.0 3.8 3.8 3.0 3.0 

ALPHA 

Cont A B c D E Cont A B c D E 

1. 

2. 7.0 6.4 7.8 8.o 7.4 4.7 3.7 3.2 2.0 2.2 
3. 6.6 1.2 8.3 6.6 7.8 2.0 1.8 2.3 ·o.8 1.2 
4. 7.6 8.5 7.4 8.o 8.o 8.o 1.8 1.8 1.0 o.8 1.4 0.3 
5. 8.6 7.6 8.2 8.4 8.4 8.6 1.0 1.8 1.0 2.2 o.8 0.2 
6. 8.o 7.8 8.8 8.2 8.8 8.0 2.2 o.4 1.0 1.2 1.4 1.4 
7. 8.2 9.0 8.4 8.2 7.8 8.o 1.4 o.8 o.8 0 0.2 o.8 

~ 
Cont A B c_ D E Cont A B c D E 

1. 5.3 5.0 5.0 4.8 6.o 5.3 5.0 5.0 4.8 5.2 
2. 6.8 6.6 6.8 6.2 1.0 6.8 6.6 6.5 4.4 4.4 
3. 5.8 5.8 6.6 6.3 6.o 5.6 4.2 4.2 2.8 2.0 
4. 6.3 6.o 6.2 6.o 5.8 6.6 4.3 3.8 2.4 2.0 2.2 2.6 
5. 6.3 6.2 6.o 6.6 6.8 6.2 3.0 2.6 2.0 2.6 3.0 2.2 
6. 6c3 6.4 6.8 6.4 6.6 6.6 2.5 2.8 2.2 2.4 2.6 2.2 
7. 6.6 6.5 7.0 6.4 6.2 6.o 3.2 2.8 3.4 2.6 1.8 2.4 



Table 13 

The effects of the perio:i of chilling and the date of sampling on : . 

(a) (b) 

'Ille nunber of ihe mmber of 

early aborted axils per shoot. late aborted axils per shoot. 

HAYvlARD 

'Ireatn'J3nt Cont A B c D E Cont A B c D E 

Date 
1. 5.3 3.4 3.0 3.4 1.0 .. 2.4 3.0 4.6 
.2. 4.o 3.7 5.2 5.0 3.6 1.0 1.0 0 1.5 3.8 
3. 4.o 3.8 3.2 2.3 2.6 3.5 3.0 4.8 5.3 3.4 
4. 4.8 2.5 1.5 1.8 1.3 3.0 3.3 4.8 5.3 3.3 2.8 1.0 
5. 1.8 1.5 o.8 3.2 3.5 2.3 3.5 2.5 2.6 o.6 0 o.8 
6. 2.2 2 .. 0 3.8 3.3 3.2 2.8 3.2 2.0 0.5 1.0 0.2 o.4 
7. 3.0 2.4 2.3 3.0 2.6 2.6 o.4 o.6 1.5 o.8 0.2 o.4 

.ALFHA 

Cont A B c D E Cont A B c D E 

1. 
2. 4.7 3.3 2.4 2.0 2.2 0 0.3 o.8 0 0 
3. 1.8 1.6 2.3 o.8 1.0 0.2 0.2 0 0 0.2 
4. 1.8 1.8 1.0 o.8 1.4 0.3 0 0 0 0 0 0 
5. o.8 1.6 1.0 2.2 o.8 0 0.2 0.2 0 0 0 0.2 
6. 2.2 o.4 1.0 0.2 o.8 0.2 0 0 0 1.0 o.6 1.2 
7. 1.2 o.8 o.6 0 0 o.8 0.2 0 0.2 0 0.2 0 

~ 

Cont A B c D E Cont A B c D E 

1. 3.3 3.0 2.5 2.2 1.6 2.0 2.0 2.5 2.6 3.6 
2. 4.0 3.6 3.5 2.4 3.4 2.8 3.0 3.0 2.0 1.0 

3. 2.2 2.6 2.4 2.3 1.6 3.4 1.6 1.8 0.5 o.4 
4. 2.3 3.0 2.0 2.0 1.8 2.6 2.0 o.8 0.4 0 o.4 0 
5, 2.3 2.4 1.8 2.2 2.6 1.6 o.8 0.2 o.4 o.4 o.4 o.4 
6. 1.5 1.4 1.8 2.4 2.6 1.6 1.0 o.4 o.4 0 0 0.6 
1. 2.8 2.5 3.4 1.6 1.6 2.4 o.4 0.3 0 1.0 0.3 0 
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There appeared to be an effect of chilling at the early sample dates, but 

this was not obvious at late sample dates as the control value approximately 

reached zero at that tine (Table 13b). 

In the Alpha group, late aborted axil totals were initially small and 

remained so at later sample dates. 

( c) Number of flower buds per shoot 

The total number of flower buds per shoot generally increased, both 

at later sampling dates, and with increasing chilling treatrrents on all 

cultivars (Fig.3, and Tables 14 and 16). 

(i) Terminal flCNJer buds 

There were marked variations between cultivars in the number of 

terminal flower buds per shoot. Values for each cultivar generally 

increased steadily at later sample dates, and with longer chilling treat

rrents (Table 14a). 

In Alpha, 3-4 terminal flower buds per shoot were present on control 

cuttings taken in early May (sample date 1) • It was not until sample date 

4 (mid July) in M::>nty or sample date 5 (late July) in Hayward, that 

tenninal flowers first appeared (Table 14a). By sample date 7 (early 

Septerriber), the nrniber of terminal flower buds per shoot on control cuttings 

in Alpha, Hayward and M::mty were 6. 8, 3. 8, and 3. 7 respectively. 

Chilling treatrrents increased the number of terminal floNer buds in 

all cultivars, especially over the early sample dates. While tenninal 

flower buds were generally not present in the control buds of Hayward until 

sample date 5, flaNer buds were present by the 50 day chilling treatment (E) 

at sample date 3. Similarly in M::>nty, where flower buds were not present 

in control buds until sample date 4, terminal flower buds were present by 

the 40 day chilling treatment {C) at sample date 2. In Alpha the number of 

terminal flCNJer buds at sample date 1, increased from 3.4 with no chilling 

to 6.3 after 40 days chilling. 

(ii) Lateral flower buds 

Lateral f lCNJers did not develop unless there was a terminal fla#er 

bud. In Alpha, lateral flower buds were present on controls from early 

May (sample date 1), and numbers generally increased markedly with later 

sample dates and increasing chilling treatJ:nents (Table 14b). 'Ihe nurrber 

of lateral flrn1er buds which develop_....od in both the pistillate cultivars 

was hCNJever very lcw. lateral fla;ver buds were present in Hayward and 



Table 14 

The effects of the pc.....ricd of chilling and the date of salllpling or1 : . 

(a) (b) 

The nuni>er of 'Ihe number of 

terminal flower btds per shoot. lateral flower btds per shoot. 

HAYWARD 

Tt'eatnent Cont A B c D E Cont A B c D E 

Date 
1. 0 0 0 0 0 0 0 0 0 0 

.2. 0 0 0 0 0 0 0 0 0 0 
3. 0 0 0 0 1.6 0 0 0 0 0 
4. 0.5 0.3 0.3 3.0 3.5 3.8 0 0 0 0 0 0 

5. 2.5 4.3 4.8 4.o 4.o 4.8 0 0.5 o.4 o.8 0.3 0.3 
6. 2.0 2.8 3.3 3.3 4.2 4.0 0 1.3 0 0 1.0 0 
7. 3.8 5.0 3.8 4.4 4.2 4.6 0.2 o.4 1.0 o.8 0 o.4 

ALFHA 

Cont A B c D E Cont. A B c D E 

1. 3.4 3.8 3.8 4.8 6.3 2.0 2.6 1.6 4.3 4.0 
2. 3.3 4.0 4.6 6.o 5.2 1.7 1. 7 1.4 3.0 5.2 
3. 4.6 5.4 6.o 5.8 6..6 o.8 o.6 1.8 1.0 6.o 
4. 5.8 6.8 6.4 7.2 6.6 7.8 1.0 5.5 3.4 5.2 6.6 9.5 
5. 7.6 5.8 7.2 6.2 7.4 8.4 5.0 4.4 8.6 7.8 10.2 10.2 
6. 5.8 7.4 7.8 1.0 7.4 6.6 4.4 9.8 6.6 6.6 6.o 8.4 
7. 6.8 8.2 7.6 8.2 7.8 7.2 9.8 9.8 9.8 9.0 10.2 8.8 

MOOTY 

Cont A B G D E Cont A B c D E 

1. 0 0 0 0 o.8 0 0 0 0 0 
2. 0 0 0.3 1.8 2.6 0 0 0 0 0 
3. 0.2 1.6 2.4 3.5 4.o 0 0 o.6 1.3 0 

4. 2.0 2.0 3.8 4.o 3.6 4.0 0 0.2 0 o.4 0 0 
5. 3.3 3.6 4.o 4.0 3.8 4.o 0 1.0 o.8 o.8 0 0 
6. 3.8 3.6 4.6 4.o 4.0 4.4 2.0 1.6 0 1.2 2.0 o.8 
7. 3.4 3.8 3.6 3.8 4.4 3.6 o.4 2.0 2.2 o.8 2.0 o.8 



.Vonty only at late sample dates 1 and chilling treatm=>.._nts were generally 

without effect. 

(iii) Total number of flader buds 

Tne total number of flo;ver buds, the sum of terminal and lateral 

flcwer buds, was substantially higher in 1\lpha than Hayward or M:mty 

(Table 15a and Figs. 31 and 32). For all cultivars, values increased 

TIBrkedly with later sample dates (Table 15a). Chilling treatrrents also 

increased values, especially over the early sample dates. 
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As the total rn11Dber of flower buds at different sample dates, and 

after chilling treatnentsr was an irnp::)rtant response, they ·were analysed 

for significance. After the square root transfonra.tion, analysis of 

variance with orthogonal polynorrals (284) sha?Jed that, for each cultivar, 

there were highly significant trends for both sample date and chilling 

treatnent effects (Table 16). 'Ihese trerKls could be E:A'Plained in terms 

of a linear, quadratic and an unexplained (departure) corrponent. For the 

.MJnty cultivar only, there were significant sample date x chilling 

treatrrent interactions (Table 16). 

( d) Average fla1Jer bud size per shoot 

(i) Tenninal flo;ver buds 

The average tenninal flo;·1er bud size (breadth) generally increased 

both with later sample dates and with increasing chilling treatments 

(Table 17a). The average flo;.1er bud size in Alpha was substantially 

greater than those for Hayward and .MJnty. Bud breadth in Alpha for the 

control treatrrent at sanple date 1 averaged 5.1 rrm. while bud breadths for 

the values at the earliest sample date for Hayward (sample date 4) and 

.t-bnty (sample date 3), had averaged 2.4 and 2.1 nm. respectively. At the 

final sample date (early Septemter) , average bud breadths for Alpha, 

Hayward and 1'bnty were 7. 6 nm. , 4 .1 rrm. , arid 4. 9 rrm. , respectively. With 

chilling, flcwer bud sizes increased only over the early sample dates. 

(ii) Lateral flo:qer buds 

Because of lack of lateral flcwer buds, no trend could be examined in 

Hayward or 1'bnty. On Alpha, the average size of lateral flower buds 

increased wit.~ later sample dates, and with chilling treatments only over 

the early sairple dates (Table l 7b) . In Hayward and £1.onty lateral buds 

rerrained small; few grew over 3 . 0 rrrn. in breadth. In P,lpha ho;qever, 



Table 15 

The effects of the pericxi of chilling and the date of sampling on : . 

(a) (b) 

'lhe total nurrber r.Ihe average flower bu::l size 
of flower buds per shoot. (all buis included) per shoot. 

HAYWARD 
'Ireatment Cont A B c D E Cont A B c D E 

Date 
J..o . 0 0 0 0 0 
2. 0 0 0 0 0 
3. 0 0 0 0 1.6 2.9 
4. 0.5 0.3 0.3 3.0 3.5 3.8 2.4 4.o 2.7 3.2 5.2 5.1 
5. 2.5 4.8 5.2 5.0 4.3 5.0 2.8 3.4 3.4 4 .. 6 5.2 5.0 

/ 

6. 2.0 4.0 3.3 3.3 5.2 4.o 4.7 3.7 3.2 3.8 4.5 3.6 
1. 4.o 5.2 4.8 5.2 4.2 5.0 3.9 4.4 4.8 4.6 3.6 4.2 

ALPHA 

Cont A B c D E Cont A B c D E 

1. 5.4 6.4 5.4 9.0 10.3 4.2 4.1 4.6 3.9 4.5 
2. s .. o 5.7 6.o 9.0 10.4 4.7 4.7 6.3 6.o 5.2 
3. 5.4 6.o 7.8 6.8 12.6 6.2 7.4 6.4 6.9 5.5 
4. 6.8 12.3 9.8 12.4 13.2 17.3 7.5 6.5 5.7 6.1 5.7 5.1 
5. 12.6 10.2 15.8 14.0 17.6 18.6 6.6 6.6 5.9 6.0 5.9 5.2 
6. 10.2 17.2 14.4 13.6 13.4 15.0 6.2 6.4 6.5 5.9 5.9 5.8 
7. 16.6 18.o 17.4 17.2 17.8 16.0 6.1 5.9 5.3 6.2 5.6 5.6 

MOOTY 
Cont A B c D E Cont A B c D E 

1. 0 0 0 0 o.8 3.2 
2 •. 0 0 0.3 1.8 2.6 2.4 3.5 5.3 
3. 0.2 1.6 3.0 4.7 4.o 2.1 5.1 4.5 5.7 6.o 
4. 2.0 2.4 3.8 4.4 3.6 4.o 3.1 5.1 5.4 5.0 4.9 5.1 
5. 3.3 4.6 4.8 4.8 3.8 4.0 4.8 5.5 5.8 4.3 lj .6 5.0 
6. 5.8 5.2 4.6 5.2 6.o 5.2 4.9 4 .. 6 4.9 4.9 5.3 4.6 
1. 3.8 5.8 5.8 4.6 6.4 4.4 4.6 5.1 4.5 4.8 4.1 4.1 



Fig.31 

The effect of the period of chilling and t.'ie date of· sampling on 

the total murber of flower buds per shoot. 
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Fig.32 

The effect of the period of chilling on flower 
bud development in different cultivars. 

(a) The forcing of unchilled Hayward, 
Alpha and M::mty buds at sanple 
date 3 (June) 

A Hayward 

B Alpha 

C !'-bnty 

(b) The effect of chilling at sanple 
date 3 (June) in M:mty 

A Control 

B 10 days chilling 
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Table 16 

Analysis of variance using orthogonal polynana..ls on 
the effects of the pericd of chilling and the date of sanpling on 

the total nuni>er of flower buis per shoot (square root transformation). 

'Jreatment Linear 
Quadratic 
Departures 

Date Linear 
Quadratic 
Departures 

Treatment x Date 
Residual 

HAYWARD 

Data for IB, 2D, am 3D were missing. 

'Jreatment Linear 
Quadratic 
Departures 

Date Linear 
Quadratic 
Departures 

'lreatment x Date 

Residual 

ALPHA 

Dat,a for IB, 2D, ani 3D were missing. 

'Treatment Li.rear 
Quadratic 
Departures 

Date Linear 
Quadratic 
Departures 

MONTY 

Treatment Linear x Date Linear 
Date Quadratic 
Date Departures 

Treatment Quadratic x Date Linear 
Date Quadratic 
Date Departures 

Treatirent Departures x Date Linear 

Residua]. 

Date Quadratic 
Date Departures 

Data for IB, 2D, and 3D were missing. 

df MS Signif 

1 
1 
3 
1 
1 
4 

27 

78 

1 
1 
3 
1 
l 
4 

27 

78 

1 
l 
3 
1 
1 
4 

1 
1 
4 
1 
1 
4 

3 
3 
9 

78 

9.82 
0.19 
0.20 

74.31 
0.08 
2.46 
0.49 
0.32 

7.18 
0.15 
0.19 

20.96 
0.18 
4.95 
0.38 
0.32 

13.ll 
1.58 
o.04 

59.78 
3.43 
o.04 

25.58 
1.61 
0.48 
0.16 
1.55 
o.46 
0.51 
o.44 
0.36 
0.14 

** 
NS 
NS 

** 
NS 
** 
NS 

NS 
NS 

** 
NS 

** 
NS 

** 
NS 
NS 

** 
* 
NS 

** 
** 
NS 

NS 

** 
NS 

** 
* 
* 

'I'Bsted. 
against 
inter
action 
NS. 

NS = Not significant * = Significant 5% level ** = Significant 1% level 



Table 17 

'Ihe effects of the pericxl of chilling and the date of ~ling on : . 

(a) (b) 

'lhe average 'lhe average 

terminal flower btd. size per shoot. lateral flower bu:l size per shoot. 

HAYWARD 
Treatment Cont A B c D E Cont A B c D E 

Date 
1. -
·2. .;. 

3. 2.9 
4. 2.4 4.o 2.7 3.5 5.2 5.2 

' 
5. 2.8 3.5 3.5 5.1 5.4 5.2 1.6 1.6 2.0 2.4 3.0 
6. 4.4 4.6 3.2 4.2 5.0 3.6 2.3 2.2 
1. 4.1 4.3 5.5 5.1 3.6 4.2 1.6 1.6 1.6 2.0 2.4 

ALPHA 

Cont A B c D E Cont A B c D E 

1. 5.3 5.8 5.8 5.8 5.8 1.4 1.6 1.6 1.9 2.4 
2. 5.6 5.6 6.9 6.9 6.8 1.9 2.3 3.1 3.6 3.8 
3. 7.1 7.8 6.9 7.2 1.0 3.4 3.7 Ii. 3 4.6 3.9 
4. 7.8 7.9 6.7 7.6 7.4 6.7 5.9 4.5 4.2 4.2 3.8 3.8 
5. 1.6 8.o 7.6 7.7 8.0 6.7 4.8 4.4 4.4 4.3 4.4 4.o 
6. 7.4 7.7 7.5 7.5 1.2 7.4 4.9 5.5 5.0 4.1 4.2 4.6 
1. 7.6 7.2 7.1 7.9 1.0 1.2 5.0 4.8 3.8 4.7 4.1 4.5 

MCNTY 

Cont A B c D E Cont A B c D E 

1 .. 3.2 
2. 2.4 4.0 5.3 
3. 2.1 5.0 5.1 5.3 5.9 2.4 1.8 
4. 2.6 5.1 5.5 5.2 4.8 5.1 3.2 2.4 
5. 6.o 6.2 6.1 4.7 4.9 5.1 2.9 2.2 2.0 
6. 5.8 5.3 4.9 5.5 6.3 4.9 3.1 3.1 2.5 3.2 2.0 
1. 4.9 5.0 5.5 5.0 4.9 4.8 2.,7 2.1 2.7 2.4 2.2 . 2.0 



lateral flower buds increased in size from 1.4 mm. at sample date 1 to 

approximately 5. 0 mm. at sample date 7. 

(iii) Average flaver bud size (all buds included) 

110 

Average bud breadth values (all buds included) per shoot were variable, 

but generally increased with later sample dates, and, especially at the 

early sample dates, increased with chilling treai:J:rents (Table 15b and 

Fig.33). Average values for Alpha were noticeably greater than for Hayward 

or M::>nty. 

As with the data for the total mrrnber of fla .. 1er buds, average flatler 

bud breadth values (all buds included) were analysed for significance 

(Table 18) . Because of insufficient data it was not possible to analyse 

the results of Hayward and Monty over all the sample dates. Analyses of 

variance with orthogonal polynomals (without transformation), over sanple 

dates 4-7 in Hayward, 1-7 in Alpha, and 3-7 in Monty sho:.ved that significant 

sample date and chilling treatrrent trends occurred in only Alpha (Table 18). 

All the significance in Alpha values could be explained by the linear and 

quadratic compone.nts. Values for all cul ti vars had significant sample 

date x treai:J:rent interactions (Table 18) • 

C. DISCUSSION 

Rest termination 

Results obtained with controlled temperatures suggest that the two 

pistillate cultivars, Hayward and Monty and the staminate clone Alpha have 

a low chilling requirement to overcome bud rest. In contrast with most 

decidious fruit trees (267), Chinese gooseberry buds could be forced into 

gra:.vth before the winter, without any suppleirentary chilling (Table 11 and 

Fig. 30) • This was even before leaf fall. The d1illing requirement to 

overcome rest seeiw conparable to the situation in the grape where cuttings 

of different cultivars, taken before leaf fall could also be forced into 

growth (16, 170). Outdoor observations, and chilling tenperature surrrnations, 

also indicate that many cultivars of grapes have low chilling requirements 

to terminate rest (10,37,60). It is probable that Chinese gooseberry buds, 

like the grape (16) are in a state of dormancy over the winter, the buds 

being prevented from bursting only by the cold tenperature. 

Like rrost other plant species, lateral buds in Chinese gooseberry 

generally do not burst prior to leaf fall. These are thought to be 

prevented frcm bursting due to correlated inhibition, initially through 



Fig. 33 

'Ihe effect of the pericx:l of chilling a.n:i the date of sampling on 

the average fl<Mer bu:i size (all bu:ls included) per shoot. 

mm 

6 .i!H~~;,. 

HAYWARD 

ALPHA 

A B C D E 
chilling treatment 

1o A 

MONTY 

C D E 
chilling treatment 



Table 18 

Analysis of variance using orthogonal polynon:als on 
the effects of the period. of chilling an:l the date of sampling on 

the average flower bud size (all buds includ€d) per shoot (no transformation). 

HAYWARD (Sample dates 4-7 only) 
'Ireatment 

df MS Signif. 

5 1.4 NS 

Date 3 1.0 NS 
'Ireatment Linear x Date Linear 1 6.70 ** 

Date Departures 2 2.32 NS 
Treatment Departures x Date Linear 4 1.81 NS 

Date Departures 5 1.64 NS 

Residual 50 0.75 

There were no data for 4Cont,, 4A,, and 4B,,an:i two replicates only for 6Cont. 
(Insufficient data to estinate quadratic effects.) 

ALPHA (All sample dates) 
'Ireatment Linear 1 11.86 ** 

Quadratic 1 1.82 NS Tested 
Departures 3 0.19 NS against 

Date Linear 1 39.24 ** 
inter-

Quadratic 1 58.39 ** 
acticn 

Departures 4 2.10 NS 
MS. 

'Ireatment Linear x Date Linear 1 0.22 NS 
Date Quadratic 1 3.27 * 
Date Departures 4 1.48 * 

'Ireatment Quadratic x Date Linear 1 0.70 NS 
Date Quadratic 1 0.02 NS 
Date Departures 4 1.31 NS 

'Ireatrrent Departures x Date Linear 3 0.38 NS 
Date Quadratic 3 0.70 NS 
Date Departures 3 1.06 NS 

Residual 78 0.56 
Data for IB,, 2D,, and 3D were missing. 

IDNTY (Sample dates 3-7 only) 
'Ireatrrent 5 0.29 NS Tested 
Date Linear 1 5.15 NS again.st 

Quadratic 1 1.23 NS inter-
action Departures 2 2.71 NS MS. 

'Ireatment Linear x Date Linear 1 2.86 NS 
Date Quadratic 1 0.30 HS 
Date Departures 2 4.43 ** 

'Ireatrrent Quadratic x Date Linear 1 0.01 NS 
Date Quadratic_ 1 0.13 NS 
Date Departures 2 2.20 NS 

Treatment Departures x Date Linear 3 0.95 NS 
Date Quadratic 3 i.1i7 NS 
Date Departures 4 2.63 *'* 

Residual 62 0.72 

Data .for 3Cont and 3D were missingo 

NS = Not significant * = SigrJ.ficant 5% level ** = Significant 1% level 
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apical dominance and subsequently by the foliage leaves (297, 312). The 

corrrnercial practice of surrrner pruning, which destroys apical dominance, 

often forces distal lateral buds into growth. This tendency varies 

between cultivars. 

In a recent review of donnancy, Wareing and Saunders (313) suggested 

that the onset and termination of rest was influenced by the relative 

arrounts of endogenous growth substances (pra:notors and inhibitors) in buds 

of woody plants. One hypothesis receiving widespread support is that the 

decline in inhibitor levels in buds which parallels emergence frcrn rest, 

are overcome by gro;vth pronntor levels, which follow an inverse relation

ship with the inhibitors (39,297). Bud scales have been shChVIl to contain 

inhibitory substances (313), and it is thought that their removal (16,270, 

297), as well as the soaking of buds in water (16,316), hastens the 

termination of rest by the leaching out of inhibitors. The fact that rest 

can be extended or hastened in grapes (16,170,316,318) and other fruit 

trees (242,268), by the applications of various growth regulators further 

implicates the role of hornones in donnancy. 

There were indications that artificial chilling in the dark conditions 

of the refrigerator did not completely substitute for the chilling in the 

field. lvhile the arrount of chilling at 4°c for 40-50 days is considerably 

greater than that occurring naturally, cuttings taken in the autumn (before 

natural chilling had comrrenced) and subjected to 40 days at 4°c did not 

hasten the number of days to bud burst as much as control cuttings 

(receiving no artificial chilling) taken in the spring 'When rrost of the 

natural chilling had been completed (Table lla and Fig.30). This situation 

has also been reported in the cranberry (260). 

Flower bud development 

Results suggest that the Chinese gooseberry does not have an absolute 

cold temperature requirement for flower evocation; the reproductive state 

appeared to be present on control shoots (no artificial chilling) taken 

in the autunm (early May, ie. wit.hout natural chilling), and generally for 

each cultivar, the number of reproductive axils per shoot did not increase, 

at later sample dates, or with chilling treatments (Table 12a). 

It was not possible to characterise the temperature requirement for 

flowering in the Chinese gOQseberry as the exact time of evocation is not 

known. As well as the well docurrented chilling requirements for flcMering 

in the olive (124), laN temperatures are generally conducive to flowering 

in citrus (147,154,186,219). On the other hand, higher temperatures around 

evocation favour flowering in the grape (49,50,51) and the apricot (210). 
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In the cranberry, the production of normal fla.Ners was not only ensured by 

satisfaction of cold requirement, but also involved exposure of buds to 
0 temperatures above 45 F (260). 

In the Chinese gooseberry the breaking of the rest period did not 

ensure production of nonr.al fla.Ner buds. While cuttings taken in the 

autumn were able to burst even without artificial chilling, it was only in 

Alpha that a few normal flcwer buds were present. Normal fla.ver buds did 

not appear in the pistillate cultivars until well into the winter (Fig.31). 

In all cultivars, the nurrber of normal fla.Ner buds per shoot generally 

increased at later sample dates (greater natural chilling). It t.herefore 

appears that fla.Ner developrrent in the Chinese gooseberry is a separate, 

though parallel, process to that of satisfaction of the rest period 

requirerrent. This has also been reported in the cranberry (260) • As with 

the tennination of rest (above), there were indications that the artificial 

chilling in the dark conditions of the refrigerator did not completely 

substitute for the chilling in the field. Further, the fact that artificial 

chilling at later sample dates did not increase the number of normal flower 

buds per shoot (there were still abberant fla.Nering axils present) , 

indicates that other factors, apart from chilling, are influencing flowering. 

Wann temperatures, day length, and light intensities are other environ

rrental factors which influence the production of normal f la.Ners in other 

fruit crops (155,205,239,260), and ITB.Y influence fla.vering in the Chinese 

gooseberry. 

It is well kn<»ln that fla.ver bud development can be influenced by 

endogenous gr<»lth substances 1·1Jhich are synthesised by the various rreri -

steITB.tic areas of the plant (88). 

Up until mid June (sample date 3) when leaf fall occurred, the 

presence of leaves, which synthesise gra.vth regulators would influence 

the overall horrronal balance of the vine (164). In Hayward a..'1d .Monty the 

crop, which undoubtedly influences the horrronal balance of the vine (64), 

was not harvested until the May-June period (sample dates 2 and 3). The 

roots and growing shoots are also rich sources of plant growth regulators 

and, depending on the conditions (temperature), would also influence the 

horrronal composition of the vine (197,278). Undoubtedly the horrronal 

status of the vine alters over this period. 

Further, the cambium actively synthesises growth regulators (230), and 

Skene (see 280) has sha:.vn in grape cuttings that linrited cambial division 

takes place during cold storage. Skene (280) also raises the possibility 

that in the intact vine the cambium provides significant quantities of 
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cytokinins, especially during periods when contributions from the rcots are 

lcw. Cytokinins have bee..n shcrNTI to stimulate inflorescence size in grapes 

(226) and their levels in the xylem sap of grape cuttings rise during cold 

storage and would be available for the ernerging bud (280). 'Ihis :rray be one 

of the factors accounting for the stimulated flcrNer bud production in 

Chinese gooseberry cuttings after chilling. Grcwth inhibitors, eg. abscisic 

acid (ABA) also influence flo:,ver production in sane species (4,88) and their 

concentrations have been sha1m to decrease with cold treabn2nt (88). 

The carbohydrate status also influences the capacity of the vine or 

plant to produce fl011er buds (248). Carbohydrates accumulate in the vine 

over the gro.ving season, reaching a peal<;: around the tirre the leaves becane 

non functional (sample date 3). Fram leaf fall, carbohydrate levels fall 

only sla.vly. In grape vine stems, the decrease in carbohydrate levels 

during the dormant season was about 0.5% pc>J month (331). 'Ihe corrposition 

of carbohydrates over that period changes; and there is a rrarked fall in 

starch, and a corresp:mding rise in sugars during winter under natural 

conditions, foll011ed by a partial reversal to a second starch peak in early 

spring (331). In other words the carbohydrate status in the cuttings 

taken over the winter varies. Further, the carbohydrate cornp'.)Sition also 

has been shown to alter during storage at 4°c, ie. sugars were depleted by 

respiration during cold storage without the starch content being affected 

( 46) • 

A number of workers report that lad terrperatures often lead to the 

accumulation of carbohydrates at the shoot apex and their presence 

parallels the initiation of fl011ering (88). 

Shoot and f l011er buds on single node Chinese gooseberry cuttings rrake 

only limited grrn1th and by 25 dabb. begin to wither (see Ch.2). It is 

probable that the carbohydrate reserves becane depleted (331). In the 

absence of roots, water vessels are no doubt soon plugged up at t'lle basal 

end, helping to create a water deficit in the grcwing shoot. 

Further the nutrient status, particularly nitrogenous reserves, alter 

in concentration throughout the season (246) and could conceiveably modify 

any fla.vering stimulus. 

While no inf onna.tion is available on the causes of the chilling 

response (natural and artificial) in the Chinese gooseberry, it seems 

likely that results could be due to differences in the hor::rronal, carbohydrate 

and nutritional status in the cutting which would be changing during the 

course of the experiment. 

There were rrarked differences in the results recorded between the 



cultivars, especially the pistillate cultivars Hayward and MJnty as 

compared with the staminate clone Alpha. 
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'Ihe fact that in both pistillate cultivars, fle»1er buds were formed at 

a much later date than in the staminate clone, t.hat there were alrrost no 

lateral buds, and that the average fla;...;er bud size was much lower, indicates 

sane or all of the follCJNing: 

(a) The hormonal, carbohydrate and nutritional requirerrents for 

pistillate flo;ver bud developrrent are greater. 

(b) The honronal, carbohydrate and nutritional requirements for 

pistillate flower bud developrG2nt are :rrore specific. 

(c) The horrronal, carbohydrate and nutritional levels within 

pistillate plants are lo;ver. 

'Ihis situation seems comparable to that in sorre cucurbi ts where there 

is a trend, from underdeveloped staminate flowers, to nonnal staminate 

flo;vers, to normal pistillate flo;v-ers up the stem (231). That trend occurs 

under all conditions, but the duration of each phase, in terms of node 

number, can easily be :rrodified by environrG2ntal conditions such as light 

(231) . 

'Ihe inability of 1-bnty to produce its characteristic lateral flCJNer 

buds on single node cuttings, 'While Alpha did so, could further support the 

theory of a greater and/or :rrore specific flowering stimulus requirement for 

pistillate flowers. As the shoot gro;vth in Alpha was also :rrore vigorous 

than MJnty (or Hayward), a greater level of carbohydrates or other reserves 

could also account to;vard the observed differences although the bulky ovary, 

'Which is produced in pistillate flo;vers, could rrodify such levels. 

These studies with isolated cuttings show that differences between 

Hayward and Iv'.onty were not marked. Ho;vever field observations sho;v that 

Hayward produces virtually only terminal fruit of a large size, while M.Jnty 

produces smaller fruit in clusters of three. As the nurrber of lateral 

flo;ver buds, the total number of flCJNer buds, and their average size were 

similar in this study at the final sampling date, carbohydrate reserves 

would appear to be similar. It seems that soTG2 factor(s) not present, or 

present in suboptinal am:>unts, in the isolated system were required for 

lateral flCJNer production in M.Jnty. Such a factor(s) could originate in 

the root and be horrronal in nature. 



Chapter 6 

A SURVEY OF THE FLOWERING CHARACTERISTICS OF 
VARIOUS CULTIVARS AND STAMINATE VINES 

A. INTRODUCTION 

Lack of pollination is one of the factors limiting prcx:luction of 

Chinese gooseberries. Without adequate fertilization the frl.lit does not 

develop to a corrmercial size and also has a less attractive appearance. 

The degree of pollination is likely to l::e influenced by a number of 

factors including the ratio of pistillate to staminate vines in the 

orchard, the weather, the number and distribution of flowers on staminate 

vines, as well as the relative tine of peak flowering l::ebveen the staminate 

and pistillate vines. 

At present there are only bvo narred staminate Chinese gooseberry 

cultivars (Tomuri and Ma.tua), although there are known to l::e a mmlber of 

different selections in use. No survey on the detailed flowering charact

eristics of the staminate selections or cultivars have been reported. If 

these criteria can be put on a quantitative basis it may l::e possible to 

screen selections for their potential effectiveness as pollinators. 

While the rnain pistillate cultivars of Chinese gooseberries have been 

descril::ed in terms of their individual flower and fruit characteristics 

(222) , no account, quantitatively expressing the distribution of flowers on 

these cultivars has l::een reported. 

A survey of the flowering characteristics was carried out on the 

staminate vines graving at the Kurreu orchard and were compared with the 

two named cultivars growing at Oratia. As well, the flowering character

istics of the lilp::>rtant pistillate cultivars growing at Oratia were 

surveyed. 

B. EXPERIMENTAL OBSERVATIONS AND RESULTS 

I STAMINATE VINES 

(a) Number of flov-1ers and flo..vering axils per shoot 

Ten to nventy shoots per vine were chosen. at random on the staminate 

vines gro.ving at Kumeu and Oratia. Analysis of re.sults from 10 of those 
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shoots chosen at randan showed there were significant variations in the 

numbers of flowers and flowering axils per shoot between vines (Table 19). 

The staminate vines grofling at Kumeu were identified by their row positions. 

The number of flowers per shoot varied from 9.0 - 23.5; the named cultivars 

Tcmuri and Matua averaging 18.4 and 19.8 fla.vers per shoot respectively. 

Tne number of flotJering axils per shoot varied fran 3. 3 - 7. 9 with 

Tomuri having 4.5 and Matua having 6.6. flowering axils per shoot. 

(b) Percentage of shoots bursting per lateral 

Ten or fifteen laterals were chosen at randan and the number of shoots 

bursting and the total number of nodes per lateral were recorded and 

percentages calculated. Tne number of nodes per sampled lateral varied 

from 3 - 44, but the majority were between 15 - 30. 

Preliminary analysis indicated that some bias was introduced by 

including very short laterals bearing 3 - 5 nodes because they gave a 

significantly higher bud break than on longer laterals. This was not 

unexpected. It therefore seerred justifiable to make the comparison 

between vines using long laterals bearing 9 or more nodes. Results on 7 

such laterals chosen at random showed that there were significant 

differences between vines (Table 19). 

Shoot burst varied from 27.2% - 68.4%, with values for Tomuri and 

Matua 33.5% and 52.4% respectively. 

(c) Fla.vering index for grouped vines 

From overall observations of flowering and vegetative characteristics 

it seened highly probable that the 14 staminate vines originally came from 

3 different vine sources. Further, none of these groups appeared to be 

either of the two named cultivars Tomuri or l'liatua. Accordi11gly vines, 

B4, BlO, C7, D4 and Dl4 were grouped and called Alpha; vines Bl and Cl 7 

called Beta; and vines A3, A 7, All, Al4, Bl6, Cl3 and D8 called Gamna. 

Analysis on the grouping of these vines, and for the named cultivars 

Tomuri and Matua, showed that there were significant differences between 

groups for all above parameters (Table 20). 

As the density of flowers per vine is one important factor in ensuring 

adequate pollination, a flowering index could be effective in screening 

for a selection's potential as a pollinator. The flowering index would 

be the product of the rrean number of flavv"ers per shoot (Table 19) and tli.e · 

percentage of shoots bursting along a lateral (Table 19). The flowering 

index for the staminate vines shown in Table 21, was based upon the 

grouped mean values. For groups Alpha and Beta, the flowering index 



Table 19 

'Ille number of flowers per shoot, the number of flowering axils per shoot, 
and the percentage bud burst for various staminate vines. 

Vine B4 C7 D4· Dl4 BlO Bl Cl7 Mat. Tom. A3 A14 DB A7 Cl3 All Bl6 

Number of flowers per shoot (10 shoots). 
IV1ean 22.2 20.2 19.1 23.1 17.2 19.3 16.9 19.8 18.4 17.4 13.8 12.2 14.6 15. 7. 13. 7 9.0 
Signif 5% a* ab abc a abc abc abc ab abc abc bed cd bed abc bed d 
Signif 1% AB ABC ABC A ABC ABC ABCD ABC ABC ABC BCD CD ABCD ABCD BCD D 

Number of flowering axils per shoot (10 shoots). 
Mean 7.9 7.4 7.3 7.1 7.2 6.8 6.4 6.7 4.5 4.7 4.5 3.8 4.3 3.9 3.9 3.3 

I 

Signif 5% a ab ab ab ab ab b ab ed ed cd cd ed ed cd d 
Signif 1% A A A A A A A A B B B B B B B B 

Percentage btd burst (7 laterals). 
Mean 60.7 57.5 59.0 58.1 49.6 68.4 60.7 52.4 33.5 42.8 44.o 51.7 39.5 27.2 37.0 39.3 
Angle transf. 51.3 49.3 50.2 49.7 44.8 55.7 51.2 46.4 35.3 40.9 41.5 46.o 38.9 31.5 37.5 38.8 
Signif 5% ab abc abc abc abed a ab abed de bcde bcde abed bcde e cde bcde 
Signif 1% AB ABC ABC ABC ABCD A AB ABC CD ABCD ABCD ABC BCD D BCD BCD 

One way analysis of variance, multiple comparison of vines by Tukey 's method. 

*Values with no letter in common are significantly different at that level. 



Table 20 

'Ihe number of flowers per shoot, the number of flowering axilS per shoot, 

and the percentage bud burst for gr-ouped staminate vines. 

Group 

Mean 
Number 

Signif 5% 
Signif 1% 

Mean 
Number 

Signif 5% 

Signif 1% 

Mean 
Angle transf. 

Number 

Signif 5% 
Signif 1% 

Alpha Beta Matua Tomuri Gamna 

Number of flowers per shoot, all shoots grouped. 

20.4 17.6 18.5 18.6 13.2 
~ ~ ~ ~ ~o 

~ ab ab ab. b 

A AB AB AB B 

Number of flowering axils per shoot, all shoots gr>ouped.. 

7.4 6.6 6.5 4.6 4.1 
60 40 20 20 140 

a 
A 

a 
A 

Percentage bud burst 1 

56.6 63.2 
48.8 52.7 
47 26 

ab a 
A A 

a 

A 

b 

B 

all laterals grouped. 

52.4 33.5 
46.4 35.3 

7 7 
abc be 

AB AB 

b 

B 

40.0 

39.2 
98 

c 

B 

Ana.lysis of variance, multiple comparison for vines 
followed by multiple comparison of gi."oups by Scheffe 's method. 

* Treatments with no letter in conmon are significantly 
different at that level. 
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was greater than the eyJ.sting cul ti vars, w'nile group Garrrna was lo:.ver. 

Table 21 

A f lcwering index of various staminate clones 

(Number of f la.vers per lateral) 

Tanuri 623 

Matua 969 

Alpha 1155 

Beta 1112 

Garrma. 528 

(d) Number of flcwers per inflorescence 

Fran the recorded number of floilers in each flo:11ering axil per shoot, 

the number of f lo;.1ers per inflorescence for each vine, as ·well as for each 

group was obtained (Table 22) . Tnere was considerable variation in the 

nurrfry::>._r of flO\vers per inflorescence, as well as the frequency of that 

distribution. The number of flcwers per inflorescence varied from 1 - 3 

in vine C7 to l - 9 in vine Al4. There were relatively fevl inflorescences 

with greater than 3 flo11ers in Matua and the groups Alpha and Beta, while 

group Garrma. and To:muri, had a high proportion of inflorescences containing 

4 or rrore flowers. 

(e) Distribution of flo:ilers per shoot 

Using the fla.·Jering data for the same 10 or 20 randomly selected 

shoots per vine, the average number of flo;.1ers per inflorescence along a 

shoot could be calculated. Figure 34 shO\vs the mean values for each 

group. For the group Gamra, and Tomuri, there was a greater number of 

fla.vers per a'<il spread over fewer fla.vering axils canpared with the other 

groups. Matua and groups Alpha and Beta all had similar flower 

distribution patterns. 

(f) Flcwer opening sequence 

At 2 day intervals from 11/11/71, the proportion of fl0\·1ers open were 

visually estimated for all the staminate vines grcwing at Kurneu and 

were compared with the Hayward cul ti var in the sarre orchard (Fig. 35) . 

Ninety per cent bloom was reached about 5 days earlier than Hayward for 



Table 22 

The number of flowers in inflorescences 

of variouB staminate clones. 

Flowerir,g 
arils having 1 2 3 4 5 6 7 8 9 flowers 

Nu.mber of 
flowering arils 

Matua (20) 12 * 7 100 7 3 129 
% 9.3 5.4 77.5 5.4 2.3 

Tomur>i (20) 2 10 17 28 22 8 4 91 
% 2.2 11.0 1807 30.8 24.2 8.8 4.4 

B4 (10) 7 14 48 7 3 79 
BlO (10) 17 15 36 3 1 72 
C7 (10) 6 17 51 74 
D4 (10) 13 13 18 7 2 73 
Dl4 (10) 3 10 35 15 8 71 

Alpha (40) Total 46 69 208 32 14 369 
% 12,5 18.,7 56.,4 8~7 3.8 

Bl (20) , 23 11 104 2 0 1 141 
Cl7 (20) 24 11 94 1 130 

Beta (40) 'Ibtal 47 22 198 3 0 1 271 
% 17.3 8.1 73.1 Ll 0 o.4 

A3 (20) 5 12 27 22 10 12 3 2 93 
A7 (20) 7 12 49 12 8 1 90 
All (20) 7 15 32 10 6 4 3 78 
Al4 (20) 8 11 44 15 4 3 2 0 1 88 

Bl6 (20) 7 9 29 12 4 1 62 
Cl3 (20) 4 12 25 21 So 
D8 (20) 10 9 28 13 9 22 73 

( 140) Total 48 81 234 102 62 23 11 2 1 561~ 

cf 8.5 111 4 41.5 18.1 10.l 4.1 2.0 o.4 0.2 /0 

1fotal values. 

of replicates (shcots) vine in brackets • 



Nunber 
5 

4 

3 

I 

24 

1 

Ii 

Fig. 34 
Number of flowers at each flowering axil along a shoot in various staminate clones 
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Fig.35· 

i:Ihe flower opening sequence of various staminate cultivars 
compared with that in Hayward. 
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group Beta, 2 days earlier for group Alpha, but 8 days later for group 

Gamma. 

II PISTILLATE CULTIVARS 

(a) Number of flc:wers and flowering axils per shoot 

125 

'IWenty shoots per vine were chosen at random on all the pistillate 

cultivars gr011ing at Oratia. There were 3 vines per cultivar except for 

Allison \vhere there were two. The number of flc:wers per shoot, and 

number of f lc:wering axils per shoot for each showed considerable variation 

("J::able 23). Tne number of flowers per shoot varied from 4.4 for Hayward, 

to 13.6 for M'.)nty, and the number of flowering axils per shoot varied 

from 4.1 for Hayward to 5.7 for Bruno. 

(b) Percentage of shoots bursting per lateral 

Fifteen laterals per vinP. were chosen at random. The number of nodes 

per lateral varied from 4 - 27, but the majority for all vines were within 

the range of 10 - 20 nodes. Results showed that the percentage of shoots 

per lateral for Hayward (45.5%) was considerably lower than the other 

cultivars (70.5% - 73.8%) (Table 23). 

(c) Number of fla..vers per inflorescence 

From the recorded number of flowers in each flowering axil per shoot 

the total number of flowers per inflorescence could be calculated for each 

available vine and each cultivar (Table 24). Results sh0i1ed that alnnst 

all of the Hayward flc:wers were borne singularly, \vhile rrost of the Monty 

inflorescences contained 3 or rrore flo:.vers. 

(d) Distribution of flowers per shoot 

From the flowering data for the same 20 rand0imy selected shoots per 

vine the average number of flowers in each f la..vering axil along a shoot 

could be calculated. Figure 36 shews the rrean for each cultivar. Except 

for the upper flc:wer axils, I:lnnty was sho:ND to have considerably rrore 

flowers per axil. Hayward on the other hand, generally had the fewest 

number of flowers per axil. Bruno had rrore flowers; the nature of the 

graph (Fig.36) sho:.ved these were rrore equally distributed over a larger 

number of axils. 



Table 23 

'Ihe nurr:ber of flowers per shoot, the munber of flowering axils per shoot 
/1 

an:i the percentage bud bttr>st for various pistillate cultivars. 

Hayward Monty Bruno Abbott Allison 

Number of flowers pc.._r shoot ( 20) • 
4.7* 15.6 7.1 6.9 9.7 
4.4 13.2 7.6 7.4 8.9 
4.3 12.l 6.7 9.1 

.f'/!..ean 4.4 13,,6 7.1 7.8 9.3 

Number of flowering axils per shoot ( 20) • 
4.4 5.2 5.7 3.9 5.2 
4.1 4.8 6.o 4.7 4 .. 9 
3,,8 4.4 5~5 5.7 

Mean 4.1 4.8 5.7 4.8 5~0 

Percentage bud burst (20). 
40.,2 71.6 71.7 73.8 70.4 
50.6 69.4 73,,3 7L7 74.8 

67.6 75.8 

Mean 45.5 70.5 70.9 73.8 72.6 

* Mean of vine values. 

Number of replicates (laterals) per vine in brackets. 



Table 211 

'Ihe number of flowers in inflorescences 
of various pistillate cultivars. 

Flowerir>,g axils having 1 2 3 4 flowers 
Number of 

flowering axils 
Hayward a. 83 4 1 88 

b. 76 4 1 81 
c. 70 5 1 76 

Total 229 13 3 2lt5 

% 93.5 5.3 1.2 

11.onty a., 4 7 83 11 105 
b. 9 9 76 2 96 
c. 5 12 68 2 87 

Total 18 28 227 15 288 
% 6.3 9.7 78.8 5.2 

Bruno a. 97 11 10 119 
b. 90 17 6 113 
c. 88 19 3 109 

Total 275 47 19 341 
% 80.6 13.8 5.8 

Abbott a. 70 17 26 113 
b. 38 21 19 78 
c. 61 14 19 94 

Total 169 46 62 285 
% 59.3 18.2 22.5 

a 49 1 P. _v 36 103 
b. 43 28 26 97 

Total 92 46 62 200 
Cf 46.o 23.0 31.0 /J 

Total of 20 sho::its per vine. 



Fig.36 
No. I Nuni:ler of flowers at each flowering axil along a shoot in various pistillate cultivars. 
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C. DISCUSSION 

T'nis survey set out to quantitatively separate the staminate vines 

and cultivars on the basis of their flodering characteristics. Analysis 

of the results generally did not conflict with the overall vegetative and 

flowering observations that the staminate vines came from three different 

vine sources (Table 19). Within groups Alpha and Beta, all parameters 

tested (number of flowers per shoot, number of flowering axils per shoot 

and number of burst shoots per lateral) were not significantly different 

from each other (Table 19). Wnile there were no significant differences 

in the number of flowering axils per shoot between vines within the group 

G::uuma., there were significantly different numbers of flowers per shoot 

and percentage shoots bursting per lateral. 

These differences occurred only between one pair of vines for the two 

parameters, and the pair of vines were different for each parameter. Vine 

Bl6 had a significantly lower number of flowers per shoot than vine A3, 

and vine Cl3 had a significantly lower percentage of burst shoots per 

lateral than vine D8. 

While other factors such as the arrount of pruning, and variations in 

soil type or environmental conditions, might be contributing factors to 

the variability in that group, no real correlation was apparent. A 

further possibility is that other staminate selections were included in 

this group in spite of the fact that all appeared to be similar on 

overall appearance. 

Analysis of the grouped vines and cultivars showed significant 

differences for all parameters. While there were no significant differences 

between groups Alpha and Beta for all parameters, they were significantly 

higher than Gamma in the number of f lav'>7ers per shoot and percentage shoot 

burst per lateral. Although there were also significant differences in 

the number of flo.vering axils pa---r shoot between groups Alpha and Gamma, 

there were no significant differences in that value between those groups 

and group Beta (Table 20). 

Although climatic conditions at Kumeu and Oratia are not very 

different, canparison between vines grov.7ing at the two locations is not 

strictly exact. The staminate clones at Oratia were trained differently. 

They were grafted on to pistillate vines and trained along wires above 

t.hem. This IB3.Y have resulted in altered vigour. As well, some staminate 

vines in each group at Kumeu were less heavily pruned than others, but 

there were no significant dif f e.rences in the paramete.rs recorded. However 

such a quantitative ccrnparison of new selections with sane standard (the 



established cultivars) is useful as an initial screening procedure for 

later, better based evaluations. 
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For the number of flawers per shoot, or percentage burst shoots per 

lateral, cultivars Tomuri and .Matua generally had interrrediate values. 

Neither was significantly different fra:n each other, or fra:n groups Alpha 

or Beta, or from group G::mma. Ta:nuri did not have significantly different 

numbo......r of flo;vering axils per shoot fra.'TI group Gamna, but both Tomuri and 

Gamna were sign{ficantly lower than .Matua and groups Alpha and Beta 

(Table 20). 

Although .Matua had slightly more flowers per shoot than the poorest 

staminate group Gamna, values for the staminate groups were generally far 

greater than for the pistillate cul ti vars ('l'ables 20 and 23). Similarly, 

the denser flo;vering staminate groups had a greater number of f lo;vering 

axils pa.......r shoot than the pistillate cul ti vars. However / apart from 

Hayward, the percentage of shoot burst per lateral for the staminate 

groups was considerably lo;ver than for the pistillate cultivars (Tables 20 

and 23). Compared with the other pistillate cultivars Hayward showed a 

considerably la;ver number of fla;vers per shoot, number of flowering axils 

per shoot and percentage shoot burst per lateral (Table 23). The reduced 

number of flowers per shoot for Hayward was largely due to the virtual 

lack of lateral fla;vers in each axil (Table 24) and, to a lesser extent, 

the fewer number of fla;vering axils per shoot (Table 23). The large 

number of fla;vers per shoot for M:mty was due to the high proportion of 

inflorescences having three or more fla;vers as the number of fla.vering 

axils was not greatly different from the other cultivars (Fig.36). 

Ccmpared with the pistillate cultivars, the staminate vines had a mucl1 

greater range in the number of flowers per inflorescence (Tables 22 and 24). 

While pistillate cultivars had up to 4 flowers per inflorescence 

(Table 24), all staminate groups had a least 5 flowers per inflorescence 

(Table 22). Tomuri had over 4% of its inflorescences with 7 flowers and 

one of the unnamed vines (A4) / had 9 flavers in one inflorescence. This 

range of fla.vers per inflorescence is comparable with that found in 

Actinidia kolomikta where nearly 7% of inflorescences contained 7 or more 

fla;vers, and, up to 10 flowers per inflorescence were recorded (171). 

The relative time of peak fla;vering beb.veen staminate and pistillate 

vines is an important factor governing the pollinator's suitability 

(Fig. 35). Purely on grounds of flo;ver opening time, the group Garmia is 

not likely to be suited as a pollinator for Hayward because its peak of 

bloom (50% opening) was some 6 days later than Hayward. For effective 

polli.."'1ation, it is essential that the staminate bloom coincides with the 
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pistillate peak bloom. Although peak bloom for groups Alpha and Beta 

occurred 3 - 4 days prior to Hayward, the bloom period continues up to, 

and possibly after the completion of bloom in Hayward (Fig.35). 'Ille 

reason for this extended bloom period for the staminate vines is the fact 

that they possess a large proportion of inflorescences containing lateral 

blooms (Table 22) 'Which open after the terminal blooms (Fig.18). Hayward 

on the other hand, produces virtually only terminal blooms (Table 24) • 

'Ihis can be shrn,,n in Figure 35 v.fuere the slope of the curve for Hayward 

is steeper than for the staminate groups. Another way of saying this is . 
that 10 days elapsed between 10% - 90% blocm in Hayward compared with 14 

days for Alpha or Beta. 

From the results, it seems groups Alpha and Beta warrant further 

evaluation to test their effectiveness as pollinators for Hayward. The 

flavering index, the product of the nu:rnb=>J of flavers per shoot and the 

percentage of burst shoots per lateral (Table 21), shows ooth groups 

potentially produce favourable quantities of flowers per vine, and that 

these open at a suitable tirre (Fig. 35). Although evaluation of pollen 

germination between groups was not attempted, Davison (72) showed no 

consistent differences between a number of different staminate selections, 

including Tomuri and Matua. He further suggested that the quality of the 

pollen from different staminate selections was unlikely to be a factor in 

poor fruit set. If later evaluations show that the peak bloom period of 

staminate selections precede that for Hayward, it TIB.y be possible to delay 

or spread staminate flowering chemically, as has been shown with the 

growth retardant, aminozide (71). 



Chapter 7 

CONCLUSIONS 

A number of .important conclusions can be drawn ·when linking the 

observations and results from the four experirrental sections. Ccrrpared with 

IrDst deciduous plants fla.ver initiation in the Chinese gooseberry occurs 

late in the seasonal cycle, not corn:rencing until the resumption of grO\vth in 

the spring (mid September). In this respect, the pattern is very similar to 

that found in evergreen temperate and subtropical fruit trees (103,135,256). 

Some similarities however can be seen with initiation fr1 the grape (247) and 

other Actinidia species (171) where, although the inflorescences and bracts 

are initiated during the preceding surmer, the individual fla.~"ers are not 

norrrally initiated until the spring. 

The difference in the reported tine of flCM>er initiation between the 

different Actinidia species is interesting and warrants further investigation. 

In the Northern Hemisphere where the two species, A. kolomikta and 

A. chinensis have been COltpared, the former flCNJers in the spring (171) while 

the latter flcwers in mid - late sUJ.TIITEr (61). It has not been possible to 

investigate this point in New Zealand because, as far as is kna...vn, A. 

kolomikta has not been introduced. 

While this study did not specifically set out to determine the time of 

flcwer evocation it was concluded from results of the chilling experirrents 

(Ch.5) that evocation occurred at sorre time before April (2 IrDnths prior to 

leaf fall). Thus the sequen02 of flO\ver evocation and initiation seems 

atypical compared with other fruit tree crops. Unlike rrost deciduous trees 

initiation is late, but unlike evergreen tropical and subtropical fruit . 

trees, where evocation precedes initiation by only a fe;·J weeks (105,126, 

271) , evocation in the Chinese gooseberry occurs at least 20 weeks prior to 

initiation and the two events are separated by the dormant winter period. 

Future studies should more precisely dete:r:rrine ti~e time of fla.ver evocation. 

This can be determined relatively simply by defoliating and ringing 

techniques (105,183). 

Results using single node cutting ~aterial showed that, although 

evocation had occurred prior to leaf fall, as sha .... n by the full complement 

of reproductive axils present at that tirre (Table 12a), the factors that 

produce fla.,;rers improved in quantity and/ or quality, as rreasured by the 
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number of norrral flowers per axil (Fig.31), right up to the normal period of 

burst. 

The factor(s) that produce flowers could be a build up of a positive 

factor(s) such as growth prornotors, or to the rerroval of a negative factor(s) 

such as gi--owth inhibitors. Research on other crops (87) suggests that the 

expression of flowering is unlikely to be due to changes in any one factor 

but to be the result of changes in the expression of several factors 

including both promoters and inhibitors. The fact that flowering in the 

Chinese gooseberry is related to the termination of rest (Ch.5) also 

suggests a role of both prorrotors and inhibitors as their relative levels 

in the buds are t..hought to determine the onset and termination of rest in 

woody plants ( 313) . 

Differences between cultivars, especially between pistillate and 

staminate cultivars, in the number of flower (buds) per shoot (Ch.6) suggests 

differences in the level and/or composition of the factor(s) needed for 

flo;vering. The fewer flower buds per shoot present on pistillate cultivars 

than on staminate cultivars (Ch.5) may suggest that the level and/or the 

requirement for factor(s) needed for flower:L~g in pistillate cultivars may 

be greater than in staminate cultivars. The finding that pistillate 

cultivars finally have fewer vegetative ayj_ls and rrore aborted reproductive 

axils in a bud than staminate cultivars (Ch.3) may also give support for 

that theory. 

Factors, emanating fran outside the shoot are also likely to be 

involved in the formation of the flowering stimulus and could hlep to 

explain the lower flavering capacity of single node cuttings compared with 

that of shoots on a vine. This difference in the fla\rering capacity between 

single node cuttings and shoots on a vine also varies with cultivars as 

this was especially marked in the pistillate cultivar M:mty (Table 15a and 

23). 

Although the Chinese gooseberry does not have an absolute low 

temperature require..rrent for flowering, chilling was found to be one 

environmental factor which could rrodify the fla11ering response (Ch. 5). 

While results suggested that the Chinese gooseberry does not have an 

absolute cold temperature requirement for flaver evocation, chilling 

(both natural and artificial) intensifies the fla.vering response. This 

response was due to the stimulation of growth in those reproductive axils 

which otherv-Jise would have aborted. Such responses have been discussed in 

terms of changes in honnonal, carbohydrate and nutrient composition within 

the bud (Ch.5). However, the fact that articifical chilling in the dark 

did not completely substitute for natural chilling in the field is further 
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evidence that there are other factors which will influence flONering. 

Once flO"Ner initiation occurred, development was e.,xtremely rapid, the 

ovary being present within 30 days of initiation. The pattern of flO"Ner 

part initiation and sex-expression is typical of most angiosperms, viz. 

flONer parts are initiated in the order sepals, petals, stamens and lastly 

the pistil, and sex-expression results from the unbalanced growtl1 of either 

the andrcecium or gynoecium from a potentially hermaphrodite primordium 

(Ch. 3) • 

Large differences in the number of flowers per shoot and the number of 

flONers per axil between cultivars (especially between pistillate and 

staminate cultivars) have been recorded (Ch.6). It is of considerable 

interest to find that, on cultivars which characteristically have a lO"N 

flONering capacity (notably Hayward), the reduced capacity is due largely to 

the abortion of the lateral flO"Ner buds (Ch.3). There is in fact little 

difference between all cultivars in the number of reproductive axils 

actually initiated, and lateral flO"Ner buds are initiated in all instances 

(Ch. 3 and Table 5). 

Within a grO"Ning shoot, especially a newly emerging shoot, H1ere is 

intense competition between the various rretabolic sinks for limited sub

strates. over the preblocm period, when the developing fla..vers are weak 

rretabolic sinks (127), the pattern of photosynthate moverrent within the 

shoot can be rrodified by the eliminating or reducing the competition betwee..n 

the various sinks and sources (Ch.4). It seems that results could be most 

readily explained in these terms. HONever, as will be discussed later, 

grONth regulators also play an important role. 

In the unrooted single node cuttings the shoot makes only limited 

grcwt:h and is likely to be supported largely from reserves within the parent 

stem (46,183). Defoliation studies on such Hayward cuttings confi::rrrl2d the 

findings in other crops (310) t.hat the developing leaves are strong sinks 

for rretabolites and their continuous removal channels metabolites into 

reproductive gro;..f-Jl (Table 7a). 'J:he resulting increased number of flovers 

per shoot was sho;vn to be due to the stimulation into q.cowth of no:rmally 

aborting £lovering axils and not to the development of lateral flc::ivvers. 

Observations in tlle field on Ha2ward shoved that such lateral flower buds 

make only very limited grO"Ntl1 and cease developrrent early, shortly after 

bud burst (Ch.3). 

The removal of a strong sink by defoliation in the single node cuttings 

also prorroted growth and development in other ways, eg. increased aYJ.llary 

bud development, shoot thickening and leaf production (Ch. 4). These are all 
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lines of evidence supporting the redirection of assimilates. 

In contrast to the br->.._neficial effects of early leaf rennval w-ere the 

debilitating effects of total shading which caused the premature abortion of 

alrrost all flower buds on the single node cuttings (Table 7a). Axillary 

bud growth, shoot thickening and new leaf production were also severely 

retarded. 

'Ihe tipping treatments had little effect on reproductive growth in the 

single node cuttings (Table 7a). One reason for the lack of response was 

thought to be the presence of still expanding leaves on the stern. A 

similar situation has also been noted in grapes (312). Subsequent studies 

however showed that the treatments could not have been expected to affect 

flcwering as the tippings were applied after those flowering axils and 

lateral flower buds destined to abort had ceased gr01li:h (Ch. 3). 

Not all the observed post bud burst phenorrena can be explained solely 

in nutrient competitive terms. For example, the inhibited internode growth 

· in defoliated Chinese gooseberry shoots (Tables 8 and 9) as well as i11 other 

crops (115,164) is thought largely to be due to honronal factors emanating 

fra:n the leaves (see Ch. 4). If it were a nutrient co.l!petitive phe..riorre..non 

the rerroval of these leaves might then be assurred to free assinlilates for 

grcwth elsewhere (eg. internodes). Implication of grcwth substances also 

cones fra:n the findings that the pattern of assimilate rroverrent in a 

plant can be altered as a result of exogenous application of herbicides 

(188) and grcwth regulators (253,276). 

Further, even though certain phenorrena might be explained satisfactor

ily in terms of nutrient competition, it does not rule out the possibility 

that growth substances also play a role. For example, the stimulated 

fla.ver development in defoliated single node cuttings (Table 7a) may be the 

result of t.he rennval of sorre growth substance (s) (eg. gibberellins) whic.11 

inhibit flcwer development. Similarly, the beneficial effect of tipping 

reported in other crops (67) nay be due to the diversion of gro,.r-Ji substan

ces to the developing fla.ver buds. 

Treatment results on individual Cninese gooseberry shoots in the field 

were not as marked as nay have been expected if all shoots on a vine were 

treated. In the experiments reported this is probably due to the trans

location of assimilates fmll untreated to treated s..hoots and vice versa, an 

effect also reported in the grape (254). Research on other crops in fact 

report the inhibiting effects of whole tree defoliation (19,67,68,169) and 

shading (169,205) on overall reproductive gro:vth. On the other hand, tip

ping treatrrents, principally on grapes, have irnproved fl01:rer development; 



but to be successful ha.vever, the timing and the proportion of the shoot 

rerroved are irrportant (67). 
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Apart from the treatm:mt effects on fla11er bud developm2nt, the effects 

on new bud develop:rrent are also of considerable practical significance as 

this is where the following years flowers and crop originate. It is well 

established that leaves have a large influence on their axillary rreristerns 

(28). Any reduction in the import of water, assimilates or horrrones to 

those buds (by the dama.ge or shading of the leaves) could result in 

insufficient assimilates reaching the regions in the bud where evocation and 

later initiation takes place. As the developing flower buds are the weakest 

'sink' in a shoot system (203), such deficiencies could result in retarded 

flower development leading to increased flower abortions. Tnis theory has 

been suggested to account for the debilitating effects of defoliation and 

shading on next years crop in the grape, which has certain similar flowering 

characteristics to the Chinese gooseberry (203,205,206). Although there are 

reports that tipping rna.y promote next year's flowering, the long tenn effects 

that practice are generally debilitating due to loss of leaf area (293). 

Present studies on the Chinese gooseberry showed that, even by bloomr 

defoliation and shading had an inhibiting effect on new bud develop:rrent 

(Table lOb), which could be expected to reduce flowering next year. This 

would be so especially if whole vines were treated this way. 

'lhe relatively drastic treabTents applied in these experiments readily 

induced growth changes. It is conceivable that such modifications rna.y occur 

under normal cultural conditions when, for exarrple leaves become dama.ged 

by wind, inspects or sprays, or when leaves become shaded by other leaves. 

While the reduction in the level of assimilates exported from such leaves 

may be corrpensated for by changes in the pattern of assimilate rnoverrent 

from other leaves, the final i:rrpact would obviously depend on the proportion 

of the shoots or leaves affected. 

It seems unlikely that in practice physical treat.rof:>--nts (like tipping) 

can stimulate substantially the flO'i<\Bring capacity of Chinese gooseberry 

vines as flower developm2nt studies (Ch.3) show that flower axil and flower 

lateral abortions occur soon after bud burst, too early for such ITBnipu

lations. Future research rna.y find however that the level of competition 

can be sufficiently reduced early enough to stimulate such flower buds into 

growth by the use of growth retarding or inhibiting chemicals. CUrrent 

research in grapes has shown that fruit set can be stimulated chemically/ 

in a way which is physiologically similar to tipping (276). 

Another characteristic of the Hayward cultivar which nay contribute 
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to its low flowering c.apacity is its relatively very low and uneven bud 

burst cc:mpared with other cultivars (Table 23). 'Ibis characteristic 

obviously must lead to a lc:wer overall yield. As the lo;.v bud burst 

phenomenon ma.y be associated with rest termination or to some other physio

logical process, it ma.y also be possible to enhance that phen0ffi211on using 

some chemical method. 
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