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SUMMARY

,
The structure of the latent bud and the course of
inflorescence - and flower formation in the grapevine have
been studied by scanning electron microscopy (SEM).
Results favour the interpretation of the grapevine shoot
as a monopodium rather than as a sympodium.

Anlagen

(singular - anlage), the undifferentiated protuberances
which are formed by the apices of latent buds, give rise to
inflorescence primordia,
primordia.

to tendril primordia or to shoot

Tendrils may be interpreted as weakly-branched

inflorescences and results support the concept of homology
of tendrils and inflorescences.
The main concerns of the research reported here were
the control of anlage formation,

and the factors affecting

the subsequent development of anlagen.

Twelve develop-

mental stages in inflorescence and flower formation were
distinguished by SEM and a phenological code (Stages 0-11)
was devised for use in comparative studies.
Experiments with container-grown vines in temperaturecontrolled glasshouses showed that high temperatures (>24°C)
favour the formation of inflorescence primordia from anlagen
and that low temperatures «2l0C) favour the formation of
tendrils and shoots.
In studies with exogenous growth regulators gibberellin
(GA) promoted the formation of anlagen and their subsequent
development as tendrils, but chlormequat (2-chloroethyl
trimethyl ammonium chloride) an inhibitor of GA biosynthesis,
inhibited both anlage formation and tendril growth. The

xiii

formation of inflorescence primordia was inhibited by GA
but application of chlormequat favoured the formation of
inflorescences.

When chlormequat was applied to vines

growing at a temperature "unfavourable" to the formation of
inflorescences (21°C) the tendrils of treated vines were
converted into inflorescences which subsequently flowered
and set fruits.
Applications of cytokinin alone had no effect on
inflorescence formation in intact grapevines but applications of cytokinins to plants which previously had been
treated with chlormequat caused the tendrils of both
primary and lateral shoots to grow into inflorescences in
both high temperature (30°C) and low temperature (lBOC).
The control of branching of tendrils
of tendrils into inflorescences

and the conversion

was investigated further

in experiments with partly-defoliated container-grown vines
and in experiments with sterile culture of iso.lated tendrils.
Inflorescences were induced to form on tendrils by repeated
treatment of the apices of young .tendrils with ,the cytokinin,
6- (ben.zylamino) -9- (2-tetrahydropyronyl) -9H-purine (PBA).
Normal inflorescences, flowers and seeded fruits were
produced when cytokinin applications to tendrils were
combined with removal of young leaves, shoot tips and
axillary buds.

The final number of flowers and the weight

of fruits were positively correlated with the number and
area of mature leaves remaining on the plant (Plate 0).
Formation of inflorescences in vitro, by inducing
branching of tendril-explants, occurred in liquid media
containing PBA, benzyladenine or zeatin riboside.

xiv

Inflorescences were induced to form on the excised tendrils
of five grape cultivars and on the tendrils of grape
seedlings (12-15 weeks from germination).

Inflorescences

were produced in response to cytokinin both in the light
and in the dark in the presence of sucrose (2-4 per cent
w/v ).

Other additives which promoted inflorescence formation

in vitro by cytokinin included

a chelating agent (EDDHA),

casein hydrolysate, and growth retardants (chlormequat,
iincymidol, daminozide).
Studies were also made of some physiological and
cytochemical changes associated with formation of anlagen,
tendril primordia and inflorescence primordia by latent bud
apices.
Wh en 14 cO

..
d t
'
.
was a d m~n~stere
0 conta~ner-grown
v~nes
2
the rate of accumulation of 14C-activity by latent buds was
more rapid when temperature conditions favoured inflorescence
development than when conditions were conducive to formation
of tendrils and shoots.

Moreover, there was an accumulation

of starch in latent buds during anlage formation.
Fluorimetric measurements were made of the DNA content
of nuclei in cells of the apices of latent buds during
various stages of anlage, tendril and inflorescence primordia
formation.

From just before to just after the appearance of

anlagen the level of DNA per nucleus was predominantly 2C.
In fully developed inflorescence primordia, and in fullydeveloped tendril primordia most cells contained 4C-nuclei.
A cryostat-sectioning technique was modified for use
with grapevine apices.

Histochemical tests showed intense

activity of acid phosphatase and peroxidase in peripheral-
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zone-cells which are involved in the formation of leaf
primordia, anlagen and inflorescence primordia.

Only

slight activity of acid phosphatase was found in buds from
plants grown at low temperature (18°C).
Finally, the morphogenetic potential of anlagen of
the grapevine is discussed together with the possible
roles of endogenous growth substances in the control of
anlage, tendril and inflorescence formation.

From the

results presented in this thesis, it is proposed that
initiation and subsequent development of inflorescences
in Vitis vinifera is controlled by the relative levels of
cytokinin and gibberellins.

PLATE

0

A grape plant with a bunch which developed from a tendril
following partial defoliation and repeated treatment with
PBA (200 pM).

The plant(propagated from a rooted cutting

of Muscat of Alexandria vine)was maintained in a

2-litre

plastic container throughout the experiment (six months) .
•

,"
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CHAPTER 1

"
INTRODUCTION

The grape is one of the major fruits of the world,
and the area under cultivation exceeds 10 million hectares
(Johnson, 1971).

The history of viticulture is interwoven

with the history of mankind.

Fossil vines 500 million

years old have been found in the region of Champagne,
France, that is Vitissezannensis - a plant very similar
to modern grape cultivars (Dorozynski and Bell, 1970).
Techniques of grape growing are illustrated in mosaics of
fourth dynasty of Egypt (2440 BC).

Early written accounts

of grape and wine production by Vergil, Cato, Pliny and
Columella describe numerous cultivars and give instructions
for the training and pruning of vines (Winkler, 1965).
The genus Vitis (family - Vitaceae) contains about
60 species.

Yet, more than 90 per cent of the world's

grapes belong to a single species, Vitis vinifera (Winkler,
1965).

This species is commonly referred to as the old

world grape or the European grape.
Wild grapevines (lambrusques - French) are broad
leafed climbers and produce large numbers of low quality
fruits.

Grape cultivars, on the contrary, are maintained

as bushes by constant training and pruning.

In this way,

the vegetative growth of grapevines and the number of
fruit bunches are reduced to minimum but the size and
quality of grapes are greatly improved (May, 1964).

In

such an intensive system where a great amount of vegetative
growth is constantly removed annually, the capacity

2

of vines for fruit production is of prime concern for
commercial viticulture.
The fruit producing capacity of grapevines is the
culmination of the vital process of "flowering".

In grape

cultivars which are usually propagated by vegetative means
(by cuttings or graftings) flowering is an annual process.
By contrast, grapevine seedlings in the field commence
flowering only after a period of 3-5 years from germination.
The long generation time or the pre-flowering period
(3-5 years) made the breeding of new grape varieties by
hybridisation a very expensive and time-consuming process.
One way of overcoming this practical difficulty is to
induce early flowering in vine seedlings which could
reduce the time-factor in breeding programmes.

Available

literature indicates that our present knowledge of the
mechanism of flower induction and evocation in grapevines

is obviously inadequate to attempt precocious induction of
flowering in vine seedlings.
The primary object of this thesis is therefore to
gain insight into the mechanism of inflorescence and flower
formation in the grapevine Vitis vinifera L.
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CHAPTER 2

REVIEW OF LITERATURE

INTRODUCTION
The physiology of flowering has been studied
extensively in many herbaceous plants but information on
the control of flowering in woody perennials is meagre.
From 1952 to 1976 nine reviews were published on flowering
in herbaceous plants (Zeevaart, 1976), but only one review
was published in the same period on flowering in woody
plants (Jackson and Sweet, 1972).

After studying the available

literature, Romberger and Gregory (1974) conunented that it
is too early to attempt a general synthesis of mechanisms
involved in flowering in trees and vines.

This apparent

lack of research may well reflect both the complexity of
the control mechanisms of flowering in trees and the
technical difficulties associated with research on long
lived woody perennials.
So far, description rather than analysis has been the
main concern of studies on flowering in fruit trees and
vines.

In the grapevine (Vitis vinifera L) the . origin and

development of inflorescences and flowers has been the
subject of scholarly works for more than a century (May,
1964), but little is known of the factors which govern
the formation of these reproductive organs.

The present

review of literature will be concerned with the various
steps in the formation of inflorescences in grapevines and
with the environmental factors which affect them.
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Research on the physiology of flowering in other
species will be discussed where it is of special interest
to the problem of flowering in grapes and where it is
relevant to the experimental methods employed in this
thesis.

Included are topics such as cellular changes in

apices during the transition from vegetative growth to
reproductive growth, flowering in vitro and the effect of
plant growth regulators on flowering.

This review of

literature is not intended as a comprehensive account of
the physiology of flowering in general.

certain aspects

of flower initiation and differentiation will be emphasized
more than others so as to provide an appropriate introduction
to the specialised subject of flowering in grapes.

MORPHOLOGY OF THE GRAPEVINE:

an introduction to' the
terminology

Recent accounts of the complex morphology of the
grapevine shoot system, and of the origin and development
of inflorescences, are given by French workers Bugnon and
Bessis (1968) and Carolus

(1970).

In brief, the leaf

axil of the current season's shoot contains a hierarchy of
buds (l'oeil).

The first-formed axillary bud (prompt

bourgeon) elongates to form a short lateral shoot (entre
coeur) or it may remain dormant.

In both cases a lateral

bud grows from the axil of the basal scale of the prompt
bourgeon.

This bud is the latent bud (bourgeon latent).

The latent bud becomes greatly enlarged and produces
further lateral buds in the axils of its basal scales
(Fig. 1).
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The latent bud, as its name implies, does not grow
out in the current season but it may form the inflorescence
primordia which give rise to the next season's crop of
grapes.

Depending on the cultivar each latent bud contains

either two or three inflorescence primordia.

The formation

of inflorescences and flowers in grape cultivars involves
three well-defined stages (Perold, 1927;
1933;

Snyder, 1933;

May, 1964;

Barnard and Thomas,

Alleweldt and Balkema, 1965;

Carolus, 1971):
(i)

Formation of anlagen (singular:

anlage), club-

shaped meristematic protuberances which arise
from the apices of latent buds.
(ii)

Development of anlagen to form either
inflorescence primordia or tendril primordia.

(iii)

Differentiation of inflorescence primordia to
form flowers.

The first two stages are completed during the current
season.

The final stage, flower formation, occurs shortly

before and during bud burst in the next spring.

ORIGIN AND DEVELOPMENT OF AXILLARY BUDS
Prillieux (1856) found that the latent bud of the
vine does not adjoin the main shoot.

Instead it arises as

the axillary bud of the first bract-like· leaf of the
lateral shoot or entre coeur.

This was confirmed by German

workers (Mftller Thurgau, 1883) and by French workers (Bugnan,
1953).

However, in the English (language) literature

researchers such as Perold (1927);
(1933);

Barnard and Thomas

Winkler and Shemsettin (1937) and Winkler (1965)
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refer to the prompt ·bourgeon

and latent bud as two axillary

buds, but they do not trace the origin and development of
these two morphologically-different buds.

The ontogeny of

these buds has been examined again by contemporary authors
(May, 1964;

Carolus, 1970;

Rives, 1972).

The generally

accepted view of the origin and development of buds is as
follows:
(i)

Prompt bourgeon and entre coeur
The first bud which arises in the axil of the leaf

subtended by a current season's shoot, is the prompt bourgeon
(Fig. 2).

This bud has the characteristic of growing

out in the same season as its formation, and the lateral
shoot so formed is known in the French literature as the
entre coeur (lateral shoot)

(Rives, 1972)

(Fig.2.)

(1974) called this outgrowth the "summer lateral".

Pratt
The

entre coeur usually does not bear inflorescences but there are
varietal differences in this regard (Rives, 1972).

Huglin

(1958) showed that the growth of the lateral shoot is
inhibited by the apex of the main

(or primary) shoot

If

this correlative inhibition is removed, the lateral shoot
develops into a vigorous fertile shoot (Antcliff and Webster,
1955).

The entre. coeur is short-lived and usually it does

not lignify but abscinds

(ii)

to leave a promine.ht scar.

The primary latent bud or "bourgeon latent"
The first leaf of the lateral shoot is reduced to a

bract or prophyll (Carolus, 1970).

The bud which develops

in the axil of the bract is the bourgeon latent (latent
bud)

(Fig.l.). The

latent bud grows slowly within the

8
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bract, and it produces six to ten leaf primordia and up to
three inflorescence primordia before becoming dormant
during the winter.

Although the latent bud is established

as an appendage of the lateral shoot, its association
the primary shoot

is very close.

with

The xylem vessels of

the young latent bud lead directly to the primary shoot,
but not directly to the xylem of the lateral shoot (May,

1964;

Pratt, 1974)

SECONDARY AND TERTIARY LATENT BUDS
The apex of the primary latent bud produces two or
more bracts before producing leaf primordia.

There is

little or no internodal elongation between the two bracts.
The buds in the axils of these two bracts are the secondary
and tertiary buds.

These buds grow little and produce

mainly leaf primordia.

The secondary buds may form

inflorescence· primordia in some· cuI ti vars •

The tertiar~ ..

buds usually remain vegetative (Pratt, 1974).
The primary, secondary and tertiary buds, which are
enclosed by the bract of the lateral shoot and by the two
basal bracts of the primary bud, constitute the winter bud
or 'eye'

(l'oeil) of the dormant cane (mature grape shoot).

The 'eye'

(compound or mixed bud) thus consists of several

buds, one located in the axil of the other in sequence.

FORMATION OF PRIMORDIA IN THE PRIMARY LATENT BUD

(i)

Leaf Primordia:
The apical meristem of the latent bud elongates and

produces leaf primordia in a distichous phyllotaxy (Carolus,

1970).

Each leaf primordium is associated with two stipular
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scales, both of which rapidly become lignified (Barnard and
Thomas, 1933;

Winkler and Shemsettin, 1937).

Growth of

latent buds in the current season ceases after the formati.on
of 12-13 leaf primordia in cv. Sultana (Barnard and Thomas,
1933).

In some central European cultivars, for example,

Gutedal

(Zimmerman, 1954), Riesling and Auxerrois (Huglin,

1958) and Freisamer (May, 1964) fewer than 12-13 leaf
primordia are formed before the latent bud becomes dorm:int.
Anlagen

(H)

After the formation of 3 to 8 leaf primordia (depending
on the cultivar), the latent bud apex divides into two growing
points (Al1eweldt, 1965;

Pratt, 1974).

These two lobes have

a similar appearance initially but they soon acquire
different shapes.

The lobe opposite the youngest leaf

primordium is known as the 'anlage'.

The formation of anlagen

is regarded as inflorescence initiation (May, 1964).

(iii)

Inflorescence Primordia
A~ter

the formation of a distal bract, anlagen divide

into two unequal arms (Winkler and Shemsettin, 1937).

The

inner arm divides many times and becomes the main body of
the inflorescence, but the outer arm divides less and
develops into the lowest branch of the inflorescence (May,
1964).

The inner arm gives rise to lateral axes of the

second and third orders and each axis is subtended by a
b£act.

The lateral axes are now referred to as branch

primordia (Scholefield and Ward, 1975).

(iv)

Tendril Primordia
Anlagen do not necessarily differentiate into

inflorescences.
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Under certain conditions, anlagen do not

develop further after the formation of the bract and two
or three branches.

These weakly differentiated anlagen

give rise to tendrils in the following season.

In the

cv. Sultana, Barnard and Thomas (1933) found that the
anlagen initiated in late summer or autumn form few branch
primordia before the cessation of growth and that these
weakly branched structures grow into tendrils in the
following season.

COMPARATIVE MORPHOLOGY OF THE GRAPEVINE
The morphology of the grapevine shoot in relation to
the formation of tendrils and inflorescences has been
studied for over a century (Prillieux, 1856;

Bugnon and

Bessis, 1968) but no generally accepted theory has yet been
formulated.
(i)

Theory of Homology
The grape inflorescence is neither terminal nor

axillary to a foliage leaf as are the inflorescences of
most plants.

The grape inflorescence occurs opposite

a foliage leaf in the same position as a tendril.

Tendrils

and inflorescence are therefore usually interpreted as
homologous organs (Barnard and Thomas, 1933;
Shemsettin, 1937;
1968).

Alleweldt, 1965;

Winkler and

Bugnon and Bessis,

However, they are similar only in origin at the

apex, that is at the stage of the anlage and subsequently
as far as the stage of formation of the first bract and
the initiation of two or three branches.

Apart from the

occasionaly occurrence of transitional forms, partly
tendril-like inflorescences and partly floriferous tendrils
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there is no direct evidence to support the theory of
homology.

Rickett (1944) commented that homologous organs

were originally considered to be related "in a more or less
mystical order of nature rather than by evolutionary
descent".
Pratt (1974) regarded both tendril and inflorescence
as separate lateral branches, each with its own specialized
origin, structure and function.
(ii)

Origin of inflorescence and tendril in relation to
shoot
There are two theories concerning the origin of

inflorescences or tendrils in relation to the shoot.

The

oldest theory is that the grape shoot is a sympodium.
(a)

Sympodial theory

According to this theory at each tendril-bearing node
the main axis is continued by the topmost lateral bud
rather than by the terminal bud.

Moreover it is proposed

that the terminal bud grows more slowly and that it is
pushed to the side of the node opposite the leaf, where it
becomes either a tendril or an inflorescence (Eichler, 1878;
Snyder, 1933;

Alleweldt, 1965;

Troll, 1969).

Evidence

for this theory is drawn from comparative studies of other
genera in the Vitaceae and from observations on occasional
aberrant tendrils which bear leaves or which terminate in a
stem (Pratt, 1974).

The chief objection to the sympodial

theory is that there is no alterations in the dorsi-ventral
bilateral symmetry of the tendril-bearing and non tendrilbearing nodes.

There is also no change in the vascularity

of the shoot which could be attributed to sympodial branching
(May, 1964).

Furthermore, the sympodial theory does not

account for the development-of axillary buds in the axil of

13
the leaf (May 1964) •
(b)

Monopodial theory

Most workers regard the grapevine as monopodium
(Barnard, 1932;

Winkler and Shemsettin, 1937;

May 1964;

Bugnon and Bessis, 1968), that is, the vegetative shoot is
continued by the terminal meristem and the tendril and
inflorescence are lateral organs.
bract has an axillary bud.

In grapes, each leaf or

Bugnon and Bessis (1968) suggested

that tendrils or inflorescences arise as extra-axillary
branches of the proximal foliage leaf.

Later when intercalary

elongation has caused internodes to appear, the tendrils
became separated from the leaves of the same side but blocked
at the level of insertion of the leaves of the other side.
Bugnon and Bessis (1968) called this disposition of the
tendril an "extra-axillaire oppositifolice".

JUVENILITY IN GRAPEVINES
The juvenile phase in the grapevine is the period
between the emergence of the seedling and the formation of
the first tendril.

The characteristic features of the

juvenile phase are the presence of small leaves arising on
the shoot in 2/5 (spiral) phyllotaxy and the absence of
tendrils (Bugnon and Bessis, 1968;

Pratt, 1974).

The

juvenile phase is short-lived and corresponds with the
formation of 6 to 12 leaves by the terminal meristem.

The

change from the juvenile to the adult phase in grapevines
is marked by the appearance of tendrils and by a change in
phyllotaxy from spiral to distichous.
The juvenile phase is characteristic of grapevines
derived from seed.

In viticulture, where cultivars are

perpetuated through vegetative propagation by use of cuttings
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the juvenile phase never occurs.

However, if the axillary

buds or shoot apices of cultivars are cultured in vitro
on agar the shoots that arise from them may show juvenile
morphology (spiral phyllotaxy and lack of tendrils) after
one or two subcultures (Rives, 1972;

Mullins, unpublished

results).

DIFFERENTIATION OF FLOWERS
According to most researchers the differentiation of
flowers from inflorescence primordia begins after the dormant
buds are activated in the spring (Sartorius, 1926;
and Thomas, 1933;
1937;

Snyder, 1933;

Agaoglu, 1971).

Barnard

Winkler and Shemsettin,

By contrast, some workers in Germany

(Alleweldt and Balkema,1965;

Alleweldt and Ilter, 1968)

have reported that a large proportion of floral meristems
may form sepals in the late summer preceding the season of
flowering.

Such early differentiation of the calyx within

the latent bud has not been observed by other researchers.
Moreover, Scholefield and Ward (1975) have commented that
early differentiation of flowers is impossible within a
small latent bud during the preceding summer.
Initiation of flowers and development of flower parts
has been reported to occur simultaneously (Barnard and Thomas,
1933) but later workers (MadhavaRao and Mukherjee4 1970;
Agaoglu,

1971) disputed the idea of synchronous development.

Sepals, petals, stamens and pistil are thought to develop
one after the other (Winkler, 196 5 ;

Pratt, 1971).

Each branch primordium of the inflorescence primordium,
divides many times and ultimately produces three floral
primordia (May and Antcliff, 1973;

Scholefield and Ward,
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1975).

The appearance of the calyx as a continuous ring

of tissue on a presumptive flower primordium marks the
beginning of the formation of flower parts (Snyder, 1933).
The sepals are described either as arising as a whorl of
five papillae which later fuse at their bases (Beille, 1901),
or as arising as a ring, the tips of which later become
separate (Snyder, 1933;

Viala and

Pechoutre, 1910).

The

coalesced tips of the sepals are reported as covering the
bud before the corolla develops (Suessenguth, 1953;

Winkler

and Shemsettin, 1937) or as not covering the bud (Dorsey,
1914;

Snyder, 1933).
The petals and stamens arise as five papillae after

the formation of sepals.

Each of these papillae later

divides into two so that the stamens stand opposite the
petals (Beille, 1901).

The petals are free at first but

later they coalesce at their edges by forming a callus
(Snyder, 1933).

other studies have shown that petals do

not fuse at their tips but interlock with each other by
free epidermal cells (Barnard and Thomas, 1933).
Formation of filaments and anthers is observed after
the petals are interlocked (Agaoglu, 1971).

~e

stamens

consist of a filament and anther comprising four locules.
The pistil arises as two papillae which later fuse along
their edges to form two carpels.
ovules.

Each locule produces two

The pistil is composed of a superior ovary with

two locules, each containing two anatrophous ovules, a single
short-style and a single stigma (Pratt, 1971).
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DIFFERENTIATION OF THE TENDRIL
Tendrils of the grapevine are determinate shoots
with a short-lived vegetative apical meristem (Tucker and
Hoefert, 1968).
vascular bundles.

The tendril apex is well supplied with
Most tendrils have only two branches,

but tendrils with three branches are not uncommon.
mode of branching of tendril
which is monopodial.

is sympodial

The

unlike the shoot

The tendril branches arise in

positions axillary to a bract.

Initially, the tips of the

tendrils are highly meristematic and they have numerous
stomates,

but the tendril apices become irreversibly

inactive when the tendrils are 7-10 mm long (Tucker and
Hoefert, 1968).

After the inactivation of the terminal

meristem, .the tendril continues to elongate by intercalary
growth.

ENVIRONMENTAL FACTORS AND INFLORESCENCE FORMATION IN
GRAPES
Control of flowering through the influence of
environment on the induction and development of reproductive
organs is a powerful adaptive mechanism in plants (Evans,
1971). Grapevines

(Vitis vinifera L) are native to the

warm temperate zone between 34°N and 49°s latitude, and
their culture is most successful within this zone.

Grapes

are also grown at other latitudes but only in scattered
areas (Winkler, 1965).

In tropical climates the vine is

evergreen and produces two crops a year (Bammi and
Randhawa,

1973).

Effects of temperature and light (intensity and
duration), on flowering in grapes will now be discussed.
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(i)

Temperature:
The process of flowering in woody perennials is

promoted by both low temperature and high temperature.
Citrus and olives require low temperatures (10-13°C) for
optimum induction of flowering (Badr and Hartman, 1971;
Bosco and De Michele,1960;

Lenz,1968;

Moss, 1969), but

flowering is enhanced in mature, and in juvenile, apple
trees (Streitberg, 1968;

Aldwinkle, 1975, 1976) and in

grapevines (Buttrose, 1974) by higher temperatures.
The requirement for high temperatures for inflorescence
formation in grapes has been widely reported (Huglin, 1958;
Alleweldt, 1963;
correlation (r

=

Baldwin, 1964).

A close positive

0.82) was established between mean air

temperature and the percentage of fruiting shoots (Dimitrieva,
1970).

In particular, Alleweldt (1963) showed a positive

relationship between temperature, from the middle of June to
the middle of July (northern hemisphere), and the number of
clusters appearing on the shoot in the following season in
the cvs

Riesling and Sylvanner.

In Australia, high

temperatures during the critical period of bud development,
that is, the time of formation of inflorescence primordia,
is related to fruitfulness of latent buds in the cv. Sultana
(Baldwin, 1964).
It is very difficult to demonstrate a specific effect
of temperature on flower formation under vineyard conditions.
To circumvent this difficulty Buttrose (1969 a,b,c) used grapevines grown in small containers in a controlled-environment
facility.

After three months of growth, the vine buds were

dissected under a stereomicroscope, and the size and weight
of inflorescence primordia were measured.

with the relatively

18

fruitful cultivar Muscat of Alexandria the number of
inflorescence primordia recognizable at three months varied
from zero at 20°C to a maximum of 1.6 in vines grown at
temperatures close to 35°C (Buttrose, 1969a).
A pulse of only four hours per day (or night) of high
temperature was sufficient to induce a maximum numbers of
inflorescence primordia (Buttrose, 1969b). Further, Buttrose
(1970) showed that the critical time for the high temperature
response was three weeks before the formation of anlagen by
the apices of latent buds.

At this stage the node subtending

the latent bud had changed its position from that of the
shoot apex to a position ten nodes proximal to the apex
(Buttrose, 1969).

Recently Buttrose (1974) suggested that,

proximal to the apex, temperature

per~

has some qualitative

effect on inflorescence formation in the grapevine.
Substantial differences have been found in temperature
requirements for inflorescence formation of cultivars of
different geographic origin (Buttrose, 1970b, Kobayashi, 1960,
1965,1966;

Sugiura et al., 1975;

Braikov,1975).

Riesling

and Shiraz initiate inflorescence primordia with temperatures
as low as 20°C but Muscat of Alexandria requires a temperature
of 25°C (Buttrose, 1970).

Cabernet Sauvignon requires a low

temperature summation from the start of growth to the start
of flowering as compared with the cultivars Bolgar and
Rkatsiteli(Braikov,1975).

Nevertheless, a high temperature

pulse is an essential prerequisite for the formation of the
second and the third inflorescence primordia in many cultivars,
including cool climate cultivars.

Sultana. and Ohanez are less

fruitful than most other cultivars and more responsive to
changes in temperature (Buttrose, 1970b). Kobayashi et al.

(1960,
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1965, 1966) reported that American cultivars such as
Delaware produce inflorescences at lower temperatures (21°
to 22°C) than do European cultivars (27 0 to 28°C for Muscat
of Alexandria) •
(ii)

Light intensity:
Light intensity affects the fruitfulness of grapevine

buds independent of the temperature regime (Buttrose, 1974).
The effect of light intensity on inflorescence primordia
formation has been studied in vineyard conditions either by
recording the hours of sunshine (Baldwin, 1964) or by
applying shading treatments to provide different light
intensities (May and Antcliff, 1963).

Most studies have

indicated that shading reduces the formation of inflorescence
primordia in grapes (Alleweldt, 1963;
Baldwin, 1964;

Wagner, 1966).

May and Antcliff, 1963;

A mean of 10h sunshine per

day during a specific period of bud development was found by
Baldwin (1964) to be essential for inflorescence formation
in Sultana grapes.

The period concerned corresponded with

the early stages of anlage formation in latent buds.

Shading

treatments applied for four weeks during bud development in
the late spring had a greater depressing effect on inflorescence formation than treatments applied earlier or later
during the season.
Studies using growth cabinets have demonstrated more
precisely that an increase in light intensity results in
an increase in the number and size of inflorescence primordia
(Buttrose, 1969a). However, a light intensity equal to one
quarter of that of full sunlight (

39000 lux) appears to be

sufficient to obtain maximum fruitfulness with small container-
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grown plants (Buttrose, 1974).

In the field, and in growth

cabinets, it has been shown that the buds on verticallytrained shoots are more fruitful than those on horizontallytrained shoots (May, 1966;

Buttrose,1969).

The results

of these studies, together with those of treatments involving
the shading of individual buds, all seem to indicate that
direct exposure of buds to high intensity light is favourable
for maximum fruitfulness, but that the quality of light
does not affect the fruitfulness (May, 1965).
It is often observed that buds situated inside the
canopy of field grown vines are less fruitful than at the
exterior of the canopy where buds are more strongly
illuminated (May et al., 1976).

The use of trellises and

split-canopies, as in the Geneva Double Curtain system of
training of Concord and Sultana grapes, gives improved
fruitfulness of buds and an overall increase in productivity
of 50-90 per cent (Shaulis et al., 1966; May et al., 1976).

As with the effect of temperature, responses of vines
to differing light intensities vary with the cultivar.

Some

grapevine cultivars appear to be more fruitful at low light
intensity than others.

Sultana, Ohanez and Shiraz were

fruitful only at light intensities higher than 19,500 lux but
~uscat

of Alexandria

and Rhine Riesling were fruitful

with an irradiance of 19,500 lux (Buttrose, 1970b).
(iii)

Photoperiod:
Most deciduous fruit trees and vines are insensitive

to photoperiod (Wareing, 1959;

Jackson and Sweet, 1972).

Very few studies have been made of the effect of photoperiod
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on inflorescence formation in grapevines.

The available

information on inflorescence formation in grapevines suggests
that photoperiod does not affect inflorescence formation
(Alleweldt, 1959, 1960, 1963, 1964), but there is evidence
that the numbers of inflorescence primordia per bud are
greater under long days than with short days (Buttrose,
1969, 1974).

However, in the cultivars St George (Vitis

rupestris)and Sultana the number of inflorescence primordia
per bud does not appear to be affected by the length of
day (May, 1966;

Alleweldt,1964).

Exposure of vines to short days (SO) leads to premature
cessation of growth.

With short-days there is a reduction

in the length of internodes and number of nodes and atrophy
of shoot tips (Alleweldt, 1959).

These effects were

observed only in cultivars such as Riesling 40 and Riparia 80G,
but not apparent in cvs

Riesling and Sylvanner (Alleweldt, 1960).

The fruitfulness of vines grown in growth cabinets
was promoted by increasing the time of exposure to high
intensity light (3600 ft-C).

These results could not be

explained by the increase in quantity of light for use in
photosynthesis (Buttrose, 1974).

If the high light intensity

was supplied for more than 12 hours per day, the formation
of inflorescence primordia appeared to depend on the

hours

of illumination rather than on total incident energy.

In

contrast, the accumulation of dry matter through photosynthesis in the whole plant was related to total light
energy perceived and not to number of hours of illumination.
(Buttrose, 1968, 1974).

Therefore, the mechanism leading to

induction of inflorescence primordia is not closely related to
the mechanism of dry weight accumulation (i.e. photosynthesis)
despite its requirements for high energy light.
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American species of grapes including Vitis labrusca
and other wild species are reported to be more sensitive
to day-length than the European grapes (Vitis v.inif.era L) .
(Kobayashi et al., 1965, 1966; .. Sugiura et al., 1975).
Delaware vines (Vi tis

vinifera x Vitis labrusca) grown in

long days formed nearly three times as many inflorescences
as those grown in short days irrespective of the temperature
regimes.

However, inflorescence formation in Muscat of

Alexandria was affected by temperature rather than by day
length (Sugiura et al. , 1975;

----

Buttrose, 1970 b) .

\

CELLULAR CHANGES IN MERISTEMS DURING FLORAL EVOCATION
The initial events occurring in meristems in response
to the arrival of the floral stimulus are termed by
Evans (1969) as 'floral evocation'.

Work on the early

cellular changes in evoked apices has been dominated by the
current dogma of molecular biology (Zeevaart, 1976).

Three

major sequences of events have been recognized (Bernier,
1971) :

(i) the· ·evocation phase, that is, synthesis of the RNA

and protein essential for the flowering process;

(ii) the

mitotic phase, a phase characterised by division of cells
that are in the G phase of the mitotic cycle;
2

(iii) the

morphogenetic phase, the visible changes that lead to the
production of flower buds.
(i)

The evocation phase
The transient increase in all species of RNA is the

earliest event in the evoked meristem (see Evans, 1971;
Gifford and Corson, 1971;

Zeevaart, 1976).

There is a

large body of evidence that a quantitative increase in the
synthesis of

ru~A

and protein follows the arrival of the
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floral stimulus at the apex, but evidence for the production
of new RNA and new protein molecules which are specifically
associated with flowering is not extensive (Vince-Prue,
1975).

Some workers have claimed that there is production

of new messenger RNA following floral induction in
Chenopodium, Pharbitis, Xanthium and Sinapis (Watson and
l~athews,

1966;

Huystee,

Marushige and Marushige, 1963;

1966;

Oota and Umemura, 1968).

Cherx:y and

There is also a

report of the movement of m-RNA from nucleus to cytoplasm
in the cells of evoked apices (Bronchart et al., 1970).
A different pattern of protein synthesis (Monselise and
Huberman, 1973) and incorporation of specific amino acids
(Jones and Stoddart, 1970), was found in vegetative and
reproductive apices of citrus and clover respectively.
Substances which block the synthesis of

lli~A

may

inhibit flowering without greatly affecting vegetative
growth (Vince-Prue, 1975).

In Nicotiana and Citrus.

however, RNA base analogues induced the flowering of
inhibited apices (Goren and Monselise, 1967;

Wardell and

Skoog, 1969).
(ii)

The mitotic phase
During the transition from vegetative growth to

flowering there is an overall increase in mitotic activity
throughout the apical meristem in a number of species (see
Bernier, 1971;
1974).

Gifford and Cor.son, 1971;

Molder and Owens,

The specificity of this mitotic activity with

respect to flower formation has been established only
recently.

In research with the long day plant (LDP)

Sinapis alba

Bodson (1975) found a 6-8 fold increase in
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the rate of cell division in the peripheral and central zones
of the apex following the arrival of the floral stimulus.

In

other research, with Sinapis alba, it has been found that the
arrival of the floral stimulus promotes the division of cells
which are in the post-synthetic (G ) phase of the cell cycle
2
(Kinet et a1., 1971;

Jacqmard and Miksche, 1971;

Jacqmard

et al., 1976).
(iii) The morphogenetic phase
In photoperiodically-inducible species, DNA synthesis is
also required for flowering (Bernier, 1967;
Lang, 1965;

Vince-Prue, 1975;

Chai1akhyan, 1968;

Zeevaart, 1976), but according

to Evans (1971) DNA synthesis is not a prerequisite for
evocation.

Except in the case of Sinapis alba (Bernier, 1971)

there is no unequivocal evidence that mitosis is required for
flowering in many species.

In recent work by Wardell (1976)

DNA isolated from the inflorescence region of Nicotiana caused
flower formation when applied to axillary buds of defoliated
and decapitated plants, but DNA prepared from vegetative plants
did not induce flowering.
validity of this work.

Zeevaart (1976) has disputed the

He suggests that proof of the direct

involvement of intact DNA in flowering requires the application
of radioactive density - labelled DNA and its subsequent
recovery in an intact form from axillary buds of plants which
were induced to flower.

Without such evidence the claim that

DNA per se, has flower inducing activity, rather than a DNA
breakdown product or contaminant, must be viewed with caution •

• with uracil has been
In grapevines treatment of leaves
reported to increase inflorescence initiation (Kessler et a1.,
1959) and yield of grapes (Jako, 1968, 1970;

Ba1asubramanyan

and Khanduja, 1974) and this response has been associated with
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an increase in nucleic acids and protein synthesis in leaves.
The relationship of intracellular events such as DNA and RNA
synthesis in leaves to the overall yield of intact grapevines
is difficult to interpret.

However, the content of nucleic

acids in latent bud primordia can be related to fruitfulness.
The nucleic acids content of latent buds was estimated at
frequent intervals during growth and development (Madhava Rao
and Srinivasan, 1971).

There was an increase in RNA prior to

anlage formation and again during inflorescence primordia
formation.

DNA was present in greatest amounts during anlage

formation and during the early stages of inflorescence
primordia formation.

Mineral nutrition affects the content of

nucleic acid and protein in vines (Cheban, 1968).

Increasing

the levels of N leads to an appreciable increase in protein
and nucleic acid - phosphorus in latent buds.

This, in turn,

is associated with an increase in fruitfulness (Abesadze et al.,
1976;

Cheban 1968).

When 32p was applied to 5 grape cultivars

just before inflorescence initiation radioactivity was
incorporated mostly in the nucleic acid fraction rather than
in the other P-fractions (Srinivasan

et al., 1974).

ULTRASTRUCTURAL AND HISTOCHEMICAL CHANGES DURING FLOWER
INDUCTION AND EVOCATION
Ultrastructural changes in evoked meristems include an
increase in the size of the nucleus, a greater amount of
dispersed chromatin and a rise in nucleolar size associated
with ribosome synthesis (Havelange et al., 1974;
and Bernier, 1974).

Havelange

An increase in number of mitochondria,

dictyosome and cytoplasmic ribosomes and a decrease in the
abundance of proplastids were also observed in the cells of
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the evoked meristems of Chenopodium (Gifford and Stewart,
1965), Pharbitis (Bernier et al., 1967) and Sinapis (Bernier,
1971;

Healy, 1964;

Havelange and Bernier, 1974).

Histochemical studies of apices before and during floral
evocation have been few in number and have lacked precision
(Vince-Prue, 1975).

Nevertheless, the techniques of histo-

autoradiography and cytophotometry have provided ample evidence
that cells in the evoked meristems are active in the synthesis
of nucleic acids
1971;

(see Gifford and Tepfer, 1962;

Evans, 1971;

Bernier,

Vince-Prue,1975).

The maintenance of respiration, and the activity of the
enzymes associated with it, is essential for floral evocation
(Opatrna,1970).

Histochemical studies in Chenopodium and

wheat showed that acid phosphatase and dehydrogenase increased
during the pre-floral stage (Gifford and Stewart, 1965;
Opatrna, 1970).

Recent studies in Xanthium and Pharbitis

have also demonstrated an increase in both acid phosphatase
and cytochrome oxidase in the sub-apical meristem during the
transition to flowering (Klopfer, 1973, 1975).

FLOWER INDUCTION AND DEVELOPMENT IN VITRO
A method of investigating the complex processes of
growth and development of plants is to isolate the appropriate
tissues or organs and culture them in chemically defined
nutrient media.

It is noteworthy that much of our knowledge

of control of differentiation in plants has come through
the use of tissue or organ culture.

Hormonal regulation of

shoot and root formation (Skoog and Miller, 1957) and
somatic embryogenesis (Halperin, 1970) are classic examples.
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The transition from the vegetative phase to the flowering
phase has been studied to some extent in herbaceous
plants by use of tissue cultures (Chailakhyan et al.,
1975) but this technique has not been used hitherto in
woody perennial fruit plants.
In herbaceous annuals, flowering in vitro has
been achieved by culturing (i)
isolated apices,
(iv)

(iii)

whole plants,

(ii)

sections of plant organs,

callus derived from plant organs,

and (v) young

flower buds.

(i)

Whole Plants
Flowering in whole plants has been obtained in

vitro mainly in species which remain small throughout
their life cycles.

For example, Baeria chrysostoma

(Loo, 1946) and Arabidopsis thaliana (Langridge, 1955).
Larger species such as Pharbitis nil (Takimoto, 1960;
Kimura, 1966) and Nicotiana rustica (Steinberg, 1950)
have also been used.

Aquatic plants of the genera

Lemna and Wolfia (Lemnaceae) have been found to be
especially suitable for studying in vitro the effects
of photoperiodism (Hillman, 1965), organic nutrition
(Hillman, 1976), mineral nutrition (Maheswari and
Chauhan, 1963;
(Oota,1965;

Pieterse, 1974) and growth substances
Maheswari and Venkataraman, 1966).

This

has led Hillman (1976) to suggest that plants of the
Lemnaceae can be used as a model for flowering studies
in vitro.
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(ii)

Isolated apices
Isolated apices from plants of Helianthus annuus

(Hendrickson, 1954);

Pharbitis nil (Harada, 1967);

Perilla

frutescens (Raghavan and Jacob, 1961), Viscaria spp (Blake,
1966) and Chenopodium rubrum (de Fossard, 1972) were
induced to flower in vitro in the presence or absence of
attached leaves.
(iii) sections of plant organs
Many researchers have reported flower formation in
fragments of stems from tobacco (Skoog, 1971) Arabidopsis,
chicory and Plumbago indica (Nitsch and Nitsch, 1967) and
Torenia fournieri (Chlyah and Tran Than Van, 1971).

Root

segments of chicory were also induced to flower (Pierik,
1966).

Following the report of flower formation on excised

inflorescence axes of Nicotiana by Aghion Prat

(1965)

flower formation in vitro on sections of flower stalks was
obtained in chicory, Lunaria, Erythraea, Sinapis and
Arahidopsis (Nitsch, 1967).

It is of interest that leaf

fragments have been induced to form flowers in vitro in
Streptocarpus nobilis (Handro, 1977).

The flower buds

formed from excised inflorescence axes and leaf discs of
these species developed directly from the epidermal and
sub-epidermal tissues (Tran Than Van et al., 1974, 1975;
Handro, 1977).
(iv)

Callus
Flower formation in vitro is often preceded by Callus

formation (Skoog, 1955, 1971;

Konar and Nataraja, 1964;

Pierik, 1966;

This observation led

Nitsch, 1967).

Chailakhyan et al.

(1975) to develop a model for control of
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flowering based on their results with cultivars of
Nicotiana tabacllIll

Trapesand. (day_neutral) and Mammoth

(SDP) ,. and Nicotiana sylvestris

(LDP).

Stem callus from flowering plants of the day-neutral
variety produced flowers but callus from the vegetative
plants formed only vegetative buds.

On the contrary stem

callus from both flowering and vegetative plants of short
day and long day varieties formed only vegetative buds
(Chailakhyan et al., 1975).

The capacity for reproductive

development was retained not only on prolonged cultivation
of the primary callus but

~lso

in subsequent subcultures.

According t,o Chailakhyan et al.

(1975) the differential

ability of callus to form flowers in vitro may be related
to the fact that, in day-neutral varieties, all components
of the hormonal complex for flowering are formed regardless
of. day length and are distributed uniformly throughout the
plant including the stem - the sou~ce of the callus.

However,

in the photoperiodically-controlled varieties only part of
the components needed for flowering are produced in the
stem.

Other components are produced in the leaves under

optimum photoperiod and transported to the stem and apices.
(v)

Flower buds
Following the successful culture of cucumber flower

buds in vitro by Galun et al.

(1962) flower buds were grown

to maturity in several other species of plants (e.g.,
Aquilegia'.:Tepfer et al.,196 ,3; Anagallis:
Fontaine, 1967;
Sussex, 1970).

Carex:

Smith, 1969;

Brulfert and

Nicotiana:

Hicks and

In the case of woody perennials Bawa and

Stettler,1972) induced pistil primordia in vitro from

30

excised female catkin primordia of Populus trichocarpa_ T
and G. Pierik (1970) grew isolated flowers of Cox Orange
Pippin apple in vitro to form a small fruit.
In grapes, Mullins (1967a) produced small immature
seeded fruits by culturing excised inflorescences in vitro.
Later Pool (1975) reported a several-fold increase in the
size of the ovary in cultures of young flower buds of
Concord grapes, but the embryosacs were poorly developed
in the cultured flowers.

PLANT GROWTH SUBSTANCES AND FLOWERING
Exogenous applications of growth substances have been
reported to induce flowering in many plant species.
examples are numerous

While

references are made here to a few

recent findings which are of relevance to this thesis.
(i)

Gibberellins
Exogenous gibberellins are the only group of chemical

regulators known to evoke flowering under non-inductive
conditions in a wide range of plant species (see Vince-Prue,

1975).

Nevertheless, the mode of action of gibberellins

remains unknown (Zeevaart, 1976).

Gibberellin may fulfil

a long-day requirement (Lang, 1965) or a cold requirement
(Vince-Prue, 1975) in some plants and a short day requirement
in a few others (Nanda et al., 1967).

Gibberellins may

exert their effect either on the apex (Zeevaart, 1969) or on
the leaves (Zeevaart, 1964).

Gibberellins may also inhibit

flowering in some short-day plants (see Vince-Prue, 1975 for
list of plants).

In addition, gibberellin inhibits flowering

in day-neutral woody species such as grapes (Alleweldt, 1961)
apples

(Guttridge, 1962), and prunes (Bradley and Crane,
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1960).

This diversity of responses makes it likely that

gibberellin has a variety of functions in the flowering
process.
Vince-Prue (1975) has suggested that failure to
detect a unique response of plants to gibberellin may be
due to the fact that the particular gibberellin tested
was ineffective.
alone.

Most research has been done with GA3

Non-responsive species have not been tested with

o·ther known gibberellins (Vince-Prue, 1975).

In 1962

Michniewicz and Lang tested nine gibberellins on a range
of plants.

They found that plant responses differed

considerably.

Flowering in Silene armenia was obtained

only with GA , and even with ten times the dose, GA3 did
7
not induce flowering.

Both GA4 and GA7 were more active

than GA3 in Crepis parviflora.

There is also evidence

that one gibberellin is responsible for stem elongation in
Trifolium'p:ratense, while another influences flowering
(Stoddart, 1962). Rapid terminations of the juvenile phase
was induced with applied GA3 in Cupressaceae and
Toxodiaceae (Pharis and KOO, 1976);

but only the less

polar or non-polar GA , GA , GAS' GA , GA have been found
4
3
7
9
to induce flowering in Pinaceae
(Ross and·Pharis, 1976).
In grapevines and apples endogenous gibberellins have
been detected in the xylem
before bud burst

sap, particularly in the period

(Skene,' 1972;

LuckwH.l and Whyte, 197-2).

In grapes the endogenous gibberellins have been tentatively
identified as GA3 and GA • Tendrils generally have a higher
9
GA content than other organs (Monankov, 1976). Application
of GA stimulated the growth of vine tendrils and partially
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or fully transformed inflorescences into tendrils
(Monankov, 1976) or tendril-like structures (Mullins, 1968),
particularly in plants which were completely defoliated.
Cessation of growth in grapevines grown under shoot day
conditions was counteracted by GA treatment (Alleweldt,
1964) but inflorescence initiation

was inhibited by

gibberellin.
It is not yet known in what form gibberellins are
active within the plant (Zeevaart, 1976).

A transient

increase in endogenous GA levels was often observed in
SDP and in LDP when transferred from one day length to
another, but these changes in hormone content did not
appear to have a close relationship with flowering (VincePrue, 1975).
diffusion

Experiments involving extraction

and

techniques have, in most cases, failed to

establish a correlation between floral induction and GA
content (Cleland and Zeevaart, 1970;
Nichol~s,

1974).

Fontes. et aI, 1970;

This is not surprising because, as

Zeevaart (1976) pointed out, endogenous gibberellins are
in a dynamic state.

The concentrations at the time of

killing the tissue is the outcome of biosynthesis and
accumulation on one hand and metabolism and translocation of
GA on

the other, and concentration per se may have no

great morphogenetic significance.
In many plants floral induction and or promotion of
flowering in response to GA treatment are often preceded
by stem elongation.

This relationship between flower

formation and stem elongation has been studied for many
years (Zeevaart, 1976).

There is now conclusive evidence
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that the two responses are subject to different controls.
~lellensiek

(1973) made a series of genetic analyses of

different strains in Sllehe a:rmeria.

He concluded that

GA-induced elongation and GA-induced flower formation
are determined by two genes Sand F and that the gene S
for stem elongation and F for flowering are linked.
Endogenous GA levels are correlated more closely with stem
elongation than with flowering (Cleland and Zeevaart, 1970;
Zeevaart, 1971).

Treatment of LDP

biosynthesis during

with inhibitors of GA

photoinduction retarded growth but

did not inhibit flower formation (Baldev and Lang, 1965;
Suge and Rappaport, 1968;

Zeevaart, 1971).

Suppression of stem elongation in the LDP Silene,
by use of growth retardants, was associated with a marked
reduction in gibberellin levels (Cleland and Zeevaart,
1970) but flowering proceeded normally (Zeevaart, 1976).
This supports the hypothesis of Chailakhyan (1968) that
the floral stimulus consists of two components namely
gibberellins and anthesins (a hypothetical hormone) •
Further, Chailakhyan believes that anthesins are present
in LDP

in sufficient levels for flowering and that

gibberellins are required only for stem elongation.
(ii)

Growth retardants
Growth retardants are "new types of organic chemicals

which retard stem elongation, increase green colour of
leaves, and indirectly affect flowering without causing
malformation of the plant" (Cathey, 1975).

In many woody

species (azaleas, rhododendron, apples, holly, camellias,
cherry and bougainvillea) flowering is promoted by growth
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retardants (see Vince-Prue, 1975).

Cessation of growth,

or even a temporary reduction of terminal shoot growth,
is considered to be a prerequisite for flower initiation
in orchard species (Williams, 1972).

Trees treated with

growth retardants show many of the characteristics of
trees grafted onto dwarfing root stocks, that is,
shortened internodes, early and abrupt cessation of
terminal growth and earlier and more prolific formation
of flower buds (Luckwill, 1970).
Growth retardants such as daminozide (SADH or
N, N-dimethylamino succinamic acid)chlormequat (2chloroethyltrimethyl ammonium chloride) and ethepon (2chloroethyl phosphonic acid) were shown to promote flower
initiation in both young and bearing apple trees (Batjer,
1964;
1967;

Greenhalgh and Edgerton, 1967;

Luckwill and Child,

Greene et al., 1977ii,1977:b; Aldwinkle, 1975).

Daminozide is generally regarded as the most effective
growth retardant for promotion of flowering in apple
(Tromp, 1972) but combined sprays of daminozide and ethephon
were also effective (Lord et

al., 1975; Greene et al.,

1977a, b).
Reduction of growth and promotion of flowering in
response to growth retardants are two independent
processes (Tromp, 1972;

Luckwill, 1970).

Flowering was

promoted even when the growth retardant was applied after
the cessation of shoot growth (Tromp, 1972).

Moreover,

application of daminozide to the lower third of apple
trees caused. an increase in flowering in the unsprayed
portion without affecting the shoot length (Batjer, 1964).
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Gibberellins were found to inhibit flower initiation
especially when applied early in the season before
extension growth had ceased.

From these results Tromp

(1972) calculated that GA may block an early step in the
flowering process whereas growth retardants may interfere
with subsequent phases.
In grapevines there have been reports that repeated
application of chlormequat induces flower formation (Pouget
and Casteran, 1971;

Coombe, 1967;

Sugiura et al., 1976).

An increase in yield of grapes has also been reported in
some cultivars of grapes following chlormequat treatment
(Coombe, 1967;

Weaver, 1975).

In other cultivars

chlormequat was found to be inhibitory to both growth and
flowering (Claus, 1970;

Iannini,1972;

Roux and Vys, 1975).

Other growth retardants Arno 1618 and daminozide
showed little effect on
(Weaver, 197.).

flower~ng

in grapevines

Chlormequat was found

to increase

cytokinin production by roots of the grapevine (Skene,
1970) but the relationship between flower initiation and
cytokinin level has not yet been determined.
(iii)

Cytokinins
Exogenous cytokinins were found to induce and/or

promote flower formation in several herbaceous plants (see
Zeevaart, 1976).

Foliar sprays or treatment of shoot tips

with Kinetin (6-furfuryl aminopurine) partially or fully
. substituted for the photoperiodic requirements in Perilla
ocymoides (Lona and Bocchi,1957), Arabidopsis thaliana
~chniewicz

and Kamienska, 1965) and Pharbitis nil (Ogawa

and Zeevaart, 1967).

Cytokinins, particularly Zeatin,
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induced flowering in vitro in Wolfia and L'emna (Gupta and
Maheswari, 1970) as well
In Bougainvillea

as in Plumbago (Nitsch, 1968).

PBA, a synthetic cytokinin, promoted

inflorescence development either in inductive or noninductive conditions (Tse' 'etal., 1974).
It is interesting that a combination of BA (benzyl
adenine) and GAS induced flower formation in Chrysanthemum
(Pharis, 1972).

Promotion of flowering by GA and BA has

also been reported recently in tomato, a day-neutral
plant,

when the regulators were applied at the site of

inflorescence formation (Kinet, 1977).

In grapevine, the

cytokinin PBA promoted the growth of young inflorescences
in both intact and defoliated plants, but caused elongation
of inflorescences only in defoliated plants.

In intact

plants, inflorescences treated with mixtures of GA3 and
PBA did not differ from those treated with only PBA
(Mullins, 1968).
There is evidence that cytokinins (Zeatin and BA)
and chelating agents (EDTA and EDDHA) are equally
effective in inducing flowering in Lemna and Wolfia
(Bhalla et al., 1973).

Moreover, a combined treatment of

cytokinin and EDDHA induced flowering in Lemnaceae grown
with a medium containing a low iron content (Gupta and
Maheswari,1970).,

The effect of iron, chelating agents

and cytokinins on flowering has been attributed to effects
of these substances on membrane permeability (Bhalla et
al., 1973).
The synthetic cytokinin PBA has been reported to
stimulate lateral branching and to increase flower
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formation in many ornamentals (see Jeffcoat, 1977).

This

effect of PBA is most pronounced under optimum light
Cytokinins, when applied in suitable

conditions.

concentration to immature inflorescences, promoted
branching and the formation of flowers in Nicotiana
(Skoog, 1971.), in Carex (Smith, 1969) and in grapes
(Mullins, 1967 b).
Pistils did not develop in vitro in several species
of Cleome

unless specific cytokinins (viz. Zeatin and BA)

were added to the medium (Bruinsma, 1976).

Similar

observations were also reported in grapes treated with
zeatin (Pool, 1975).

In grapes conversion of staminate

flowers into functional hermaphrodite flowers by use of
PBA has been reported by Negi and Olmo (1966) and by
Gargiula (1968).

Exogenous cytokinins prevented the

suppression of the pistil in staminate flowers of several
species of Vitis (Moore, 1970).

Ben 11iyl'-substituted

adenines, namely, PBA and BA were most effective in pistil
development of grapevines but zeatin and its dehydro
derivative also showed a marked effect (Hashizume and
Iizuka, 1971).
Work by Heide and Skoog (1967) with the SDP Begonia
cherimantha indicated that endogenous cytokinins may also
be involved in the process of photoinduction.

Exposure

of another SDP Perilla frutescens to 20-25 inductive
cycles caused a two to five-fold increase in the cytokinin
concentration in xylem.
.

1974).

sap (Beevers
and Woolhouse, 1973,
..

On the contrary, exposure of Xanthium

strumarium L

(SDP) to short days not only induced flOWering but also
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resulted in a substantial reduction in levels of
extractable cytokinins in the plant (Van Staden and Wareing,
1972).

This reduction occurred rapidly and was initiated

with only a single short day cycle (Henson and Wareing, 1974).
In seeking an explanation for this antagonism between
cytokinin and flower induction, Henson and Wareing (1977a)
postulated the existence of a root-to-shoot signal in
Xanthium similar to the signal proposed for Perilla frutescens
by Beever and Woolhouse (1974).

Evidence of this relationship

between shoots and roots was obtained from the bark-ringing
experiments of Henson and Wareing (1977b).
The presence of cytokinins in the xylem exudates of
decapitated plants is well established (Torry, 1976;
Skene, 1975).

There is much circumstantial evidence that

roots are the site of cytokinin synthesis in intact plants,
but an unequivocal demonstration of endogenous cytokinin
synthesis in root apices has yet to be made.

Exogenous

cytokinin can simulate the effect of roots in promoting
normal branching of inflorescences in cultured explants of
Carex flacca (Smith, 1969).

Cytokinins favoured the

production of vegetative shoots rather than floral shoots
by cultured cotyledonary buds of Scrofularia arguta, an
effect normally associated with the presence of roots
(Miginiac, 1974).

In grapevines, cytokinin applied to

unrooted cuttings promoted the retention and development
of inflorescences (Mullins, 1967b, 1968).

In the absence

of roots, the inflorescences of grape cuttings fail to
develop and usually shrivel and die.
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In woody perennials, presence of cytokinin activity
in the ascending xylem, sap during bud burst and flowering
has been reported in forest trees (Hewett and Wareing, 1974),
apples and in grapes (Nitsch and Nitsch, 1965;

Skene, 1972).

Luckwill (1970) has suggested that cytokinins may be
involved in the initiation of flower primordia, but this
proposal has not yet been examined.

Lilov and Andanova

(1976) have reported that grapevines which produce large
numbers of flowers contain a high concentration of cytokinin
both in the absorbing and conducting roots.

In tomato,

another day-neutral plant, the levels of Zeatin and Zeatin
riboside were high just before flower initiation but
they fell during flower bud development and reached a very
low level at flower opening (Davey and Van Staden, 1976).
(iv)

Auxins
There have been relatively few studies of the effects

of auxin on flowering (Vince-Prue, 1975).

Available

information suggests that auxin is inhibitory to flowering
in short-day plants such as Xanthimn, Pharbitis and Chenopodium (Ogawa and Zeevaart, 1967;
1976).

Seidlova and Khatoon,

Auxin increased the flowering response of sub-

threshold photoperiods in several long-day plants (Evans,
1964).

Aghion Prat

(1965) has established the existence

of an apex-to-base gradient in the capacity of Nicotiana
(a day-neutral plant) stems to produce flower buds.

Flower-

ing is inversely related to the endogenous IAA levels in
the stem (Wardell and Skoog, 1969).
In apple, it is paradoxical that flower initiation is
promoted both by NAA (a-naphthalene acetic acid), an auxin
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and by TIBA (2,3,5-triiodo benzoic acid), an auxin-transportinhibitor (Harley et al., 1958; Greenhalgh, 1·965; Luckwill
and Child, 1967).
The role of auxin in flowering is not clear.

However,

in recent years some of the effects of auxin have been
attributed to auxin-induced release of ethylene (Burg and
Burg, 1966;

Mullins, 1970).

effect of ethylene.

Auxin appears to mimic the

Both auxin and ethylene promoted

flowering in pineapple (Van Overbeek, 1942) but inhibited
flowering in Chenopodium (de Fossard, 1973).
(v)

Ethylene
Ethylene induced rapid flower formation in pineapple

and most other Bromeliads (Burg and Burg, 1966;
1973; Oass etal.,1975)

•

Abeles,

It is possible that

ethylene acts as an endogenous regulator of flowering in
this family (Zeevaart, 1976).

Ethylene also promoted

flower initiation in apple (William, 1972;
1977) and mango trees (Chacko et al., 1974).

Greene et al.,
In most other

plants ethylene has an inhibitory effect on flower
formation (Vince-Prue, 1975)·
(vi)

Abscisic acid
Abscisic acid (ABA) induced and/or promoted flower

formation in SOP, including strawberry and black currants
(El Antably and Wareing,1966),

High concentrations of ABA

inhibited flowering of other SOP, Kalanchoe blosbeldiana,
coffee, olive and Wolfia (see Milborrow, 1974).
ABA is generally inhibitory to flowering in LOP
(Evans, 1971).

However, endogenous levels of ABA in leaves

and in shoot apices are not precisely controlled by day
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length (Hanks, 1974;

King et al., 1977).

Accordingly,

the role of ABA in the control of flowering in SDP and
LDP is not known.

Nevertheless, water stress inhibits

flowering in Lolium temulentum . by inducing a transient
increase in ABA content in both leaves and shoot apices
(King and Evans, 1977).
Differences in ABA levels have been reported in
latent buds, leaves and stems of grapevines (Dftring and
Alleweldt, 1973) but little is known of the function of
ABA in grapevine and other woody species.
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CHAPTER 3

REPRODUCTIVE ANATOMY OF THE GRAPEVINE(Vitis vinifera L) :
ORIGIN AND DEVELOPMENT OF THE ANLAGE AND ITS DERIVATIVES

INTRODUCTION
The main concern of this thesis is the control of
inflorescence and flower formation in the grapevine.
Accordingly, an accurate definition of the various stages
in the formation of inflorescences and flowers is an
essential prerequisite to the interpretation of experimental
work.

Without such well established criteria i t is difficult

to assess and compare the flowering responses produced by
different treatments.
Several researchers have given anatomical description
of inflorescence initiation and flower formation (Chapter 2,
PP:9-1S).

However, these studies provide little information

on the origin of the anlagen and the subsequent development
of inflorescences and flowers.
Bugnon and Bessis, 1968;

Recent research (May, 1964;

Carolus, 1971) has supported and

clarified earlier work but has added little to it.

This

lack of progress may be due to technical problems.

Informa-

tion on the reproductive anatomy of the grapevine has been
accumulated mostly from examination of median longitudinal
sections of buds at various stages during development. With
this method the various structural elements cannot be seen
simultaneously because they grow in different planes.

For

example, only sections which bisect the growing point will
show some part of both leaf primordia and inflorescence
primordia (Winkler and Shemsettin, 1937).
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With a complex three dimensional structure such as a
grapevine bud the use of sections for the study of dynamic
aspects of growth and development is laborious.

Moreover,

the interpretation of sections cut from blocks with
differing orientations is often exceedingly difficult.

In

the present work these problems have been overcome by direct
observation of latent bud apices with the scanning electron
microscope (SEM).

The SEM technique enables observation to

be made of the topography of biological specimens with high
magnification and with great depth of focus (Rasmussen and Hooper,
1974).

Use of this technique has produced much new informa-

tion on the origin and subsequent development of anlagen in
the grapevine.

MATERIALS AND METHODS
(i)

Propagation of Experimental vines
Dormant canes of cv. Shiraz were collected from

irrigated vineyards at Griffith, New South Wales, cold
stored (4°C) in sealed plastic bags, and used as required.
Uniform cuttings (4-buds) were propogated by the method of
Buttrose (1968) and grown in containers (10 1) with equal
parts of perlite, vermiculite, sand and peat.

At weekly

intervals each pot received 1 1 half-strength Hoagland's
solution.

The elongating shoots were trained in an upright

position on wooden rods.

The method of Mullins (1966) was

used for propagating plants for studies of inflorescence
differentiation.
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(ii)

Sampling of Latent buds:
Preliminary experiments showed that the buds which developed

distal to node 15 (measured from the base of the growing
shoot) formed well-developed inflorescence primordia with
high temperatures (33°C day-28°C night).

The primordia

formed at lower nodes were small and poorly developed.

The

buds formed in vines grown in a. low temperature (21°C day16°C night;

18°C day-13°C night) were mostly vegetative.

Accordingly, buds were sampled from the 15th and 16th nodes
for use in studies on inflorescence formation.

Buds were

also collected from various nodes from vines grown at low
temperatures.

The sampling period extended from the 4th to

the 16th week after bud burst.

(iii)

Standardization of a procedure for scanning electron
microscopy (SEM) of grapevine apices:
As soon as possible after excision, "the latent buds

were dissected under a stereomicroscope and the tomentose
hairs and stipular scales which enclose each whorl were
removed so as to expose the leaf and inflorescence primordia.
The tomentose hair makes dissection of grape buds difficult
because it becomes entangled with the instruments and with
the primordia and it must be removed (sometimes one hair at
a time) to permit detailed observation of the apices.
Latent bud apices were then fixed immediately in 3%
gluteraldehyde in 0.02M phosphate buffer (pH 6.8) for at
least 30 minutes.

After rinsing in buffer, and then in water,

the specimens were dehydrated through a graduated ethanol
series for 30 minutes at each stage.

Finally the specimens

were ;;:,rought to 100% amyl acetate or acetone.
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(iv)

Critical point drying and coating:
The apices were placed in a critical point drying

apparatus and dried according to the procedures of Tamm and
Horridge (1969) and Nemanic (1972).

The dried specimens

were mounted on aluminium stubs, placed in a vacuum
evaporator with a rotating stage and coated first with
carbon and then with gold to a thickness of 5 nm.

Uncoated

specimens could not be resolved under SEM because of brightness caused by a heavy electrical charge on the specimens.
(v)

Scanning electron microscopy:
Micrographs were obtained with a JSM-U3 scanning

electron microscope at an accelerating voltage of 5 to 15 KV.
Some specimens, in which surface details were difficult to
resolve by local electrical charging, were coated again with
gold to increase resolution.

RESULTS
The apex of the latent bud arises as a meristematic
dome in the axil of the first bract of the prompt bourgeon
(Plate lA).
(i)

Formation of Leaf Primordia
The formation of a leaf primordium at the flank of the

latent bud apex is the first step in the development of the
bud (Plate lB, C).

Leaf primordia arise from the apex in

acropetal succession and with distichous phyllotaxy.
Associated with each leaf primordium are two blunt ovoid
stipular scales (Plate lC, D).

These scales are located one

on either side of the leaf primordium.

The leaf primordia
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PLATE 1
Formation of the latent bud, leaf primordia and stipule primordia
in the grapevine
A.

The prompt bourgeon (PB) is covered by a bract (BR).

Note that the

latent bud (LB) is formed in the axil of the first bract.

In this

preparation the first bract has been removed to expose the latent
bud initial (LB).

B.

Note the prominent scar of the bract (BR).

A later stage in formation of the latent bud (the prompt bourgeon
has been removed).

The latent bud (LB) has formed a bract and

the first leaf primordium (LP 1)·

c.

Differentiation of the first leaf primordium (LP).

Stipule

primordia (St) are formed from the flanks of the leaf primordium.
(A) - latent bud apex.

D.

A latent bud in which three leaf primordia have been formed (LP 1 ,
LP and LP ). Note the incipient stipules (St) on either side of
3
2
the newly-formed leaf primordium (LP).
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are pointed structures which become lobed at the base and
rapidly assume a leaf-like appearance (Plate 10).

The

first two or three leaf primordia grow rapidly and envelop
the rest of the primordia but the later-formed leaf
primordia are relatively slow growing and they remain small
(Plate 6E).

Initially, the scale primordia are as big as

leaf primordia but they soon stop growing and become
sclerified.

Tomentose hairs develop from the upper

epidermal cells of leaf - and scale primordia (Plate 6E, F).
The basal leaf primordia, stipular scales and tomentose
hairs all provide a protective cover for the meristematic
apex of the latent bud.
(ii)

Formation of Anlagen
After the formation of four or five leaf primordia

(Plate 2, Stage 0), the apex divides into two almost equal
parts.

The part opposite the youngest leaf primordium is

called the anlage (Plate 2, Stage 1).

This separation of

anlage from the apex is the earliest morphologically
discernible indication of reproductive growth in the
grapevine (Plate 2, Stage 2).

Unlike the case with

paraffin sections, it is simple with the SEM to detect
whether a newly-formed structure is to be a leaf primordium
or an anlage.

Leaf primordia appear as narrow pointed

structures and are derived from the flank of the apex
(Plate 10),but anlagen arise by bisection of the apex.
Moreover,anlagen soon develop a broad, blunt, obovate
conformation and lack stipular scales.

At first, anlagen

are round in shape put become flat at their distal ends as
they separate from the apex.

The apex continues its growth

to form further leaf primordia and anlagen (Plate 60).
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(iii) Formation of bracts and arms

Development of the anlage starts with the formation of
a bract.

Bracts originate as a depression in the distal end

of the anlage.

Later the depression appears to move to the

edge of the anlage to form a collar-like structure (Plate 3,
Stage 3).

Initially the bract primordium covers half the

circumference of the anlage.
two unequal parts.

The anlage then divides into

The larger adaxial part nearer to the

apex is the inner arm and the smaller abaxial part adjoining
the bract is the outer arm (Plate 3, Stage 4).
(iv)

Formation of inflorescence Primordia
Inflorescence primordia are formed by extensive

branching of the anlage, particularly the inner arm (Stage
5).

As it grows the inner arm produces several globular

branches.

Each branch in turn divides many times to form

the secondary and tertiary branches - the so-called branch
primordia (Plate 4, Stages 6 and 7).
primordium is subtended by a bract.

Every branch
The outer arm produces

fewer branches than the inner arm (Plate 4, Stage 7).

The

degree of branching of the inner arm gradually decreases in
the acropetal sense and this gives the inflorescence
primordium a conical shape.

The appearance of a fully-

developed inflorescence primordium is rather like a bunch
of grapes (Plate 4, Stage 7) in which each berry-like branch
primordium is a protuberance of undifferentiated meristematic
tissue.
There is no further development of the inflorescence
primordium in the current season, and the latent bud enters
into dormancy and rest.
the next spring.

Growth and development resume in
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Plate

2

DEVELOPMENTAL STAGES IN THE
FLOWERING OF Vi tis villifera L
STAGE

DESCRIPTION

Depending on tb e cultivar
th e apex (A) of a young
lat e nt bud forms a specific
numher of leaf primo"dia

,. ,.

•

(5 in SHIRAZ) befo"e tb e

J

formation of th e fir st

anla~e

Bisection of th e apex (A) to
form tb e anlage (AL).
The anlage is opposite th e
youngest leaf primo rdium

•

•

Th e anlage (AL) has
separated from th e apex
and is d eve lopin g int o "
blunt b"oad obovate
s tru cture

•
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Plate 3

•

Fo r'm a t ion of a b.'act
prim o r dium (DR) fr'om
th e abax i a l flank
of Ih e an la ge
,

Divis ion of th e anlag e
,

•

.,...

•

to fo rm an inne r a n n (I A)

, and an o ut e r' a r m (OA),
" Th e inne r arm becomes

'" Ih e main ax is of Ih e
inflor'escen ce and Ih e
oul e r arm becom es th e
pro x imal bl'an ch o f th e
in /lor'e sce n ce

Gr ow lh of Ih e main
axi s (inn e r a/'ln) 10
g iv e l'ise 10 th e fir's l
br' an c h primordium (BP)

•
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Plate

4

Crowth of lh(' maill

,
a'\.l ~

,

of the illflol'es('elu'('
primordium to fOl'll1

'I"~

('I'al

bran ch pl'imordia (BP)
and bl'a('\ primordia (I3H)
x

275

-

A fully d evelop ed
infloresce n ce prim ol'(liulll
in a matur c dormant
lat ent bud, Note th e
bl'an ch pl'imordia (HP)
and bract s(HR)

Diffel'entiation of th e
branch primol'(lium
at bud bUl's t and
fOl'll1ation of th e
flowel' initial s (FI), NOl e a
~I'OU

p of fiv e fl owcl'
initial s
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Plate 5

Development of calyx (C)
in a flower initial (aftc,'
bud h,,,· s t). The calyx
form s an incoml)lete CO\ cr
over th e
developinf(
f1ow e ,'

The ealyptra (CA) lobes
are vi s ible through th e
top of th e calyx (C)

A fully formed grape flow c ,'
ju st befo"e anthes is. There
is full developm e nt of f1ow c ,'
parts viz ., calyx, calypt"a,
s tam ens and pi s til s
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(v)

Formation of Tendrils
Anlagen which separate from the apices of latent buds

may not necessarily form inflorescences.

Depending on

prevailing internal and external factors anlagen may give
rise to inflorescence primordia or to tendril primordia or
to shoot primordia.

In all cases, the anlagen form the first

bract primordium and the inner and outer arms, but if
conditions are not conducive to inflorescence formation the
two arms do not undergo repeated division (Plate GA, B).
These weakly differentiated anlagen usually give rise to
tendrils after bud burst in the following season.
(vi)

Formation of shoot primordia
It was found that some of the anlagen initiated in

latent buds which developed at low temperature (18°e day13°e night) were transformed into shoot primordia (Plate Ge).
This mode of growth was particularly common at basal nodes
(1-10).

Shoot primordia that are formed from the anlagen

are characterised by the presence of one or two leaf
primordia (Plate 7) •
(vii)

Differentiation of inflorescence primordia and
formation of flowers
When dormant latent buds are activated in the spring,

the inflorescence primordia undergo a period of rapid
development.

Each branch primordium divides many times and

produces groups of flower primordia.

Each group gives rise

to five flowers (Plate 5, Stage 8').
The appearance of the calyx as a continuous ring of
tissue marks the beginning of the formation of flower parts.
The calyx is irregularly lobed and forms an incomplete cover

~ ..
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PLATE 6
Formation of tendril primordia, shoot primordia and tomentose hairs

A.

An early stage of the tendril primordium.

Note the bract (BR), the

inner arm (IA) and the outer arm (OA).

B.

A fully deyeloped tendril primordium in a mature latent bud.

Note

the well-developed bract (Br) and two arms.

C.

Formation of the shoot primordium (SP) from the anlage in a latent
bud.

The latent bud was formed in a vine grown at a low temperature

(21°C day-16°C night).

D.

Formation of successive anlagen in a latent bud.

Note the position of

the first, the second and the third anlage (ALl' AL , AL ).
2
3
E.

Formation of tomentose hairs in a mature latent bud.

In this

preparation the outer bract has been removed to expose the internal
structures of the latent bud.

Note numerous tomentose hairs and big

size of the first two leaf primordia (LP , LP 2 ).
1
F.

Initiation of tomentose hairs (TH) from tile epidermal cells of a
leaf primordium in the latent bud.
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over each developing flower (Plate 5, Stage 9) •

The petals

start to develop just after the beginning of calyx development.

Unlike the calyx, the corolla (calyptra in grapes) is

distinctly lobed (Plate 5, Stage lQ).

As the corolla

elongates cells are formed at the margins of its five petals
which interlock with similar cells on the margins of the
adjacent petals to form the calyptra or cap.

The number of

petals in a flower of Shiraz varies from 4 to 6, but 5 is
the most common number.

DISCUSSION
Flower formation in grapes involves a series of complex
stages which are separated in both space and time.

Hitherto,

no attempt has been made to define and categorise these
stages of flowering as has been done in Xanthium (Salisbury,
1955) and roses (Horridge and Cockshull, 1971).

The results

of the present study have been used to construct a phenological or development code for the formation of flowers in
the grapevine (Plates 2, 3, 4, 5).
The various stages (0-11) have been related to readily
visible changes in the shape of organs and to the addition of
new structures.

The number of leaf primordia that precede

the formation of first anlage varies from three in Riesling
to eight in Sultana (Pratt, 1971).

However, irrespective of

the number of leaf primordia formed, the latent bud apex is
considered to be in the vegetative phase until initiation of
the first anlage and hence this stage is designated as '0'
(Plate 2).

Subsequent cleavage of the apex to form the anlage

is named as 'Stage I' as it has often been referred to as
"the inflorescence initiation" stage in grapes (Barnard and
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Thomas, 1933;

May, 1964).

Later stages are numbered

serially, according to the extent of ramification of the
anlagen (Plates 3, 4 and 5).

Extensive reference to this

code will be made in later chapters.
Unlike the diagrammatic representation of the various
stages of flowering which have been used for Xanthium
(Salisbury, 1955) and roses (Horridge and Cockshull, 1971)
the scanning electron micrographs provide an exceptionally
clear picture of the course of inflorescence and flower
formation.

The SEM technique provides ideal reference

material for the purposes of a code.
There are differences between cultivars in regard to
the differentiation of flowers from inflorescence primordia.
In Muscat Gordo Blanco (Syn. Muscat of Alexandria) and
Sultana (Syn. Thompson Seedless) the flower primordia are
formed in groups of three (May and Antcliff, 1973;
Scholefield and Ward, 1975) but in Shiraz the flowers occur
in groups of five (Plate 5, Stage 9).
In the present work the calyx first appeared as a
circular ring of tissue, as reported by Snyder (1933), and
not as five papillae, as suggested by Beille (1901).

The

reports of Suessenguth (1953) and Winkler and Shemsettin
(1937) that the calyx coalesces at its tip are clearly
erroneous.

The petals do not coalesce at their margins or

at their tips as suggested by Snyder (1933) but they become
interlocked with adjacent petals by producing free cells.
At anthesis in a mature grapevine flower, the petals first
become free at their proximal ends (bases) and then they
separate and curve upwards and outwards to release the

57

stamens (Pratt, 1971).

Since the adjacent cells are not

fused, but only interlocked by free callus-like cells, the
separation of petals is unlikely to involve dissolution of
cell walls as in abscission phenomena.
Many workers have proposed that the grape shoot is
a monopodium, but some consider it to be a sympodium (see
review page 12).

Evidence from scanning electron micro-

scopy supports the view that anlagen arise in a terminal
position, that is, by bisection of the apex (Plate 2)
and anlagen do appear to be displaced laterally (Plate 2,6D)
as suggested by Eichler (1878).

These observations are in

accord with a sympodial organisation, but the vegetative
axis is continued by the original apical meristem, as in
monopodium, and not by an axillary meristem as in sympodium.
Accordingly a monopodium seems to be the more appropriate
description of the grapevine shoot.
Results presented here provide additional proof of
the homology of inflorescences and tendrils because i t ics
clear that both these structures develop from anlagen
(Plate 3,

~).

It is of interest that anlagen may give rise

to shoots under the influence of low temperature (18°e dayl3°e night).

The remarkable morphogenetic versatility of

anlagen in forming anyone of three different organs, that
is, inflorescences, tendrils or shoots (Plate 7) is the
central theme of the work reported in the remaining chapters
of this thesis.
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CHAPTER 4

EFFECTS OF TEMPERATURE ON STAGE OF DEVELOPMENT OF ANLAGEN,
VEGETATIVE GROWTH AND RELATIVE ACCUMULATION OF
14C ACTIVITY IN LATENT BUDS OF THE GRAPEVINE

INTRODUCTION
Considerable effort has been devoted to studying the
influence of climatic factors on the composition of grape
berries for winemaking (Winkler, 1965;
Prescott,

Kliewer, 1973;

1969), but there have been few studies on the

effects of climatic factors on inflorescence formation and
flowering in grapevines (Chapter 2, pp.16-22).

Available

information suggests that temperature has an overriding influence on inflorescence primordia formation in
latent buds.
In earlier studies (e.g. Buttrose, 1969) latent buds
were classified as "fruitful", if they contained
inflorescence primordia and "unfruitful" if they lacked
inflorescence primordia.

However inflorescence formation

in the grapevine is not an all-or-nothing process but it
involved at least 12 distinct developmental stages (Chapter 3,
Plates 2-5).

Therefore, the object of the present study

was to investigate the effect of temperature on the stage of
development of anlagen in latent buds.

A study was also

made of the pattern of accumUlation of the 14c assimilates
in latent buds, in relation to the development of anlagen.
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MATERIALS AND METHODS
Plants of cv. Shiraz were established from cuttings
and maintained in a temperature controlled glasshouse as
described previously (Chapter 3, P.43).

The effect

of temperature was evaluated by growing plants at day
temperatures of 18°C, 21°C, 27°C, 30°C and 33°C.

In each

case night temperature was 5°C less than the day temperature.
Experiments were made during spring and summer (Sydney,
N.S.W. latitude 33°51°') with mean net daily radiation of
22 MJm-2.
At 16 weeks after bud burst plants were harvested for
examination.

Stage of development of anlagen and

inflorescence primordia was determined by dissecting the
latent buds under a stereomicroscope.

Leaf areas and dry

weights were also measured.
1.

Exposure of grapevines to 14 C02
The 14 C02 was generated in a sealed vial from 1 ml

of Na
2

14

co 3

(specific activity: 54.9 mCi/m mol., The

Radiochemical Centre, Amersham, England) by the addition of
1 ml of 88% v/v lactic acid.

Radiocarbon was supplied

either to individual leaves (a) or to whole plants (b).
(a)

Leaf treatment:

Plants which had produced 16-25 leaves were used for
this treatment.

It was found earlier (Hale and Weaver,

1962) that leaves located on one side of the plants eXported
photosynthates mostly to the latent buds on the same side.
Accordingly, two fully expanded leaves, one on either side
of the stem, were exposed to the 14 C02 to obtain even
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distribution to all the buds.

Leaves subtended from the

10th and the 11th nodes were exposed to 14 eo2 in plants
which produced 16 leaves.

In plants which had formed 25

leaves, leaves attached to the 17th and the 18th nodes were
used.

Each leaf was secured in a rectangular perspex box

and supplied with 75 ~ei of 14 eo2 •
with 33°e days and 28°e nights.

The plants were grown

The temperature inside the

perspex chamber was maintained at ambient level by air '
continuously flowing at 2 1 min- l from externally-thermostated
cooiing coils.
(b)

Whole plant treatment:

Plants were enclosed in plastic bags (1-2 m long x
60 cm wide) and each received 150 ~ei of 14 eo2 •

Plants

which had 15, 25 and 35 unfolded leaves were used to
investigate the effect of high temperature (33°e) on 14C0
accumulation in latent buds.

2
Effects of low temperature (18°e)

were studieu in plants,with 15 and 25 ,leaves.
II.

Duration of 14 eo2 feeding and radioassay
Exposure of leaves or whole plants to 14eo2 was for

30 minutes and the plants were harvested 24 hours after the
beginning of the treatment.

This time interval was selected

because an earlier report had indicated that 14e assimilatetranslocation to latent, buds increased to a maximum leveL on'ly
24 hours after trea,tment (Hale and

\~eaver,

1962).

The shoot primordia were dissected out from latent buds,
weighed with ,an electr'obalance, macerated in 1 ml of NeS tissue
sOlubizer,decolourised with 1 ml of saturated solution of
benzoyl peroxide and counted with a toluene-based PPO, POPOP
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scintillation mixture in a Packard Tricarb-scinti11ation
spectrometer.

There were four replicates in each treatment.

RESULTS
I.

Vegetative growth
The response of vegetative growth of grapevines to

different temperature regimes is presented in Fig.3.
Shoots were short at 21°C but their length increased
markedly with higher temperatures (27°C-33°C) reaching a
maximum length at 30°C (170 cm).

Further increase in

temperature to 33°C reduced the final length of shoots.
Associated characters such as number of nodes, number of
laterals and the number of mature nodes were also increased
with increasing temperature from 21°C to 27°C.

Total leaf

area and leaf area of the main shoot were unchanged in
temperatures of 21-27°C.

However there was an increase in

total leaf area in the highest temperatures (30-33°C).
This increase in leaf area was mainly due to leaves
produced by the lateral shoots (Fig. 3).

With increase

in temperature, the dry weight of leaves rose progressively
from 27°C, but dry weights of stems and roots were
unaffected (Fig. 3)
The rate of production of nodes (or leaves or buds)
decreased with increasing temperature.

Within each

temperature the time (in days) required to produce a node
was shorter initially but longer at later periods of growth
(Fig.

3).
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FIGURE 3

Vegetative growth of Shiraz vines in different temperature conditions
{observations were made 16 weeks after bud burst}.

Vertical bars

represent LSD values at 5 per cent level of significance.
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II .

Stages of development of anlagen and
inflorescence primordia

a.

First inflorescence primordia
At high temperatures (27-33°C) the first anlagen

initiated in the basal latent buds (1-5) grew only to
stage 4 or 5 (Fig. 4).

This situation continued up to

the 10th bud in plants grown at low temperature (21°C).

In

the case of buds 6-12 the development of anlagen advanced
steadily up to the stage of fully-formed inflorescence
primordia (Stage 7).

This peak fruitfulness (Stage 7)

remained constant up to the 20th bud.

Thereafter the

development of anlagen declined to stages 5 or 6 in the
buds located on the terminal section of shoot, that is,
nodes 21-30.

At low temperatures, fully developed

inflorescence primordia were found only in the buds located
at the 13th to the 16th nodes.

The development of anlagen

ceased at stage 4 in buds distal to 16th node.
b.

Second inflorescence primordia
Buds at the first 10 basal nodes contained second

anlagen at stages 2-4 in the different temperatures.

In

the plants grown in 27-33°C, the stage of development of
anlagen rose from 5-7 in buds 10-24.

Those buds which

were sampled from the 25th to the 30th nodes contained
anlagen which attained the stages 2-4.

At low temperature

(21°C) the second anlagen grew to stage 3 in buds 6-10.
In the distal buds there was a steady fall in the stage of
anlage
III.

development to as low as 0.4 at the 20th bud.
Accumulation of the 14C activity in the .shoot pri.mordia
--elf latent buds
(a)

Leaf treatment:

The pattern of accumulation of total

14

C activity in
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FIGURE 4

Influence of temperature on the stage of development of anlagen (observed
16 weeks after bud burst) in latent buds at nodes 1-30 (counted from the
base of the current season's shoot).
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apices of latent buds (33°C) is presented in Fig.

SB.

Apices in the latent buds located in the axils of the
treated leaf accumulated high 14C activity from 14 co2 ,
regardless of the age of plant.

The buds distal to the

treated leaves also recorded a fairly high 14C activity.
There was some accumulation of labelled carbon at 1-3 nodes
proximal to the treated leaves.

Shoot primordia in the

basal 1-6 buds (16-leaf-stage) and 1-15 (2S-leaf-stage)
contained no detectable radioactivity.

On the contrary,

shoot tips showed a very high activity as compared with
latent buds.
(b)

Whole plant treatment:

At high temperature (33°C) exposure of whole plants
to 14 C02 at the lS-leaf-stage resulted in a progressive
increase in the accumulation of 14C activity from the basal
buds to the apical buds (Fig. SA).

At 2S-leaf-stage 14C

activity was low at basal buds but high in the middle and
apical buds.

In the case of plants which had produced 35

unfolded leaves at the time of treatment buds located in
nodes 11-24 contained a high 14C activity as compared with
buds located below the 11th node or above the 24th node.
At low temperature (lBOC), where anlage development
was very poor, the accumulation of 14C activity in buds
was uniformly low with very little fluctuations among the
latent buds.

DISCUSSION
The observation that the stage of anlage development
(that is, 0-12) in Shiraz latent buds advanced

with

increasing height of insertion of buds is in accord with

67

FIGURE 5

The effect of temperature and the age of plants on the accumulation of
14C activity in the shoot primordia of latent buds.

indicate the positions of 14C02 treated leaves.

Arrows in Fig. 5B

Leaves at nodes 10 and

11 were exposed to 14C02 in plants which unfolded 16 leaves.

In plants

with 25 unfolded leaves, leaves at nodes 17 and 18 were exposed to 14 c02 •
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field observations with Su:l'::ana (Antcliff and Webster, 1955)
and growth-cabinet-studies with Muscat of Alexandria
(Buttrose,

1969a~.

As this trend in anlage development is

relatively constant, regardless of environment, it seems
unlikely that it is under the control of climatic

factors.

This presumption is further strengthened by the fact that
the latent bud at nodes 13-15 attained the stage of minimum
fruitfulness in all the temperatures (Fig.

4).

Although

the trend of fruitfulness along the shoot is similar, the
stage of development of anlagen (0-12) in latent buds was

in general significantly higher at higher temperatures.
It is possible that temperature affects anlagen
development by regulating the distribution of assimilates.
May (1965) has suggested that the level of available
assimilate is an important factor in the formation of
inflorescence primordia from anlagen.

In the present

study, accumulation of 14C activity from 14 C02 was
comparatively low in the basal buds (1-6) which had poorly
developed anlagen.

On the other hand, middle-region-buds

which generally develop fully-£ormed

inflorescence

primordia (stage 7) contained high radiocarbon activity.
Similar patterns of accumulation of labelled carbon have been
observed in other plants (e.g., Harris and Jeffcoat, 1974).
In herbaceous plants, the specific photoperiodic requirement
for flowering was effectively modified by an alteration in
the intensity of photosynthate production (Purohit and Tregunna,
1974) •
In the grapevine, the leaf that subtends a latent bud
is the main source of assimilate supply to that latent bud
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(Fig.

5B). This confirms auto radiographic studies in

Muscat of Alexandria vines by Hale and Weaver (1962).
Similarly, in Lo1ium mu1tif1orum Lam var. Westerwo1dicum
(cv. Tama), the leaves which subtend the tiller buds are
reported to be the primary supplier of assimilates to
tiller buds during floral initiation (Clifford and Langer,
1975).
The pattern of vegetative growth of Shiraz vines
(Fig. 3) was similar to that of Muscat of Alexandria vines
(Buttrose, 1966, 1969 c).
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CHAPTER 5

SOME CYTOCHEMICAL CHANGES DURING THE FORMATION OF
ANLAGEN, TENDRIL

AND INFLORESCENCE PRIMORDIA

INTRODUCTION
Morphological changes associated with flowering are
the outcome of cytochemical activity in the shoot apices of
plants.

Changes in nucleic acid synthesis in apices during

the transition to flowering have been studied by histoautoradiography in several herbaceous species (e.g. VincePrue,1975).

In apices, a group of cells seems to be

directly involved in the process of flower evocation.
Bernier (1971) called them "target cells".

Differences

in the total amounts of DNA in these target cells in situ
have not been studied in detail (Jacqmard and Hiksche, 1971), and
very limited information is available on changes in enzyme
activities in apices during floral evocation (Opatrna, 1970;
Klopfer, 1975).

Information on these aspects is especially

scarce in the case of woody perennials including grapevines.
In the present research cytochemical changes are studied
during the formation of anlagen, inflorescence primordia and
tendril primordia in the grapevine.

MATERIALS AND METHODS
Plants were raised .( fo~ Cietails see p. 43) in 18°<;: days
and. 13°C nights (favouring the formation of tendril
primordia) and in 30°C days and 25°C nights (favouring
inflorescence primordia in latent buds) in the glasshouse.
Latent buds were sampled mostly from the 16th to the 20th
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nodes and shoot primordia were dissected out as described
earlier (p. 44).

These shoot primordia consisting of

leaf primordia, anlagen and/or inflorescence or tendril
primordia (Plate

6E)

were used in all studies reported

~ere~

I.

Fluorimetric determination of DNA per nucleus in
latent buds
Apices were fixed in 4% paraformaldehyde in 0.025 M

phosphate buffer (pH 7.4) for 24 hours at 4°C.

After

rinsing in buffer and water, they were dehydrated in an
ethanol-tertiary butyl alcohol series, embedded in paraffin
wax (MP: 56°C) and sectioned at 8 \.I.

Only median

longitudinal sections were studied on specially prepared
slides.
The method of Fossati (1967)was used to stain nuclei
for DNA-fluorescence measurements.

In short, the sections

were hydrolysed in 6N HCl for 8 minutes at room temperature,
washed in distilled water (3 x 2 minutes) and then
immersed in staining mixture.

This consisted of a freshly

prepared solution of 10 ml 0.01%, 2,5-bis-[4' aminophenyl(1) ]-1,3,4 oxadiazol (BAO)

(Ciba, A.G Basle, Switzerland)

containing 1.0 ml N HCl and 0.5 ml 10% sodium thiosulphite
(Na S 0 ) in water.
2 2 3
in the dark.

The sections were stained for 2 hours

After bleaching in sulphite-water (water:

10% Na S 0 :1N HCl 18:1:1) and washing twice in distilled
2 2 3
water for 10 minutes, the sections were air-dried and
mounted in glycerine

(n~O :1.44).

The intensity of DNA-fluorescence in each nucleus
was measured by use of a modified Leitz UV-microspectrograph with an attached photomultiplier and an Ekco N 530F
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automatic scaler as described by Saurer et al.

(1968).

Fluorescence per nucleus was measured for 300 sec using a
quartz reflecting objective (X3'OO).

Each nucleus was

counted 5 times and mean values were recorded.

Fifty nuclei

in 5 latent buds were counted at each stage of inflorescence
development.

Counts were converted into log values and the

percentage of nuclei with 2C and 4C values were calculated.
Standard 2C and 4C values were obtained from squashes of
roo:t tips and shoot tips of grapevines.
II.

Histochemical tests on shoot primordia of latent buds
The shoot primordia were fixed for 6h in 4% para-

formaldehyde solution, containing 1% anhydrous calcium
chloride and adjusted to pH 7.0 to 7.2.

After fixing, the

primordia were rinsed in buffer and washed with distilled
water.
Sections of shoot primordia were obtained by freeze
sectioning with a cryostat microtome, by using the Gelatinantifreeze embedding medium of Knox (1970) with some
modifications.

The Gelatin-antifreeze medium was prepared

by dissolving 15 g of gelatin in hot water and then adding
2 ml of 100% glycerol as antifreeze.
media were gelled at 2°C.

Petri dishes containing

Holes were made in the gelled

medium with a metal rod heated in hot water and the shoot
primordia were accurately oriented in the medium in the plane
of sectioning.
petri dish.

Several shoot primordia were cast in each

Blocks of gelatin-antifreeze medium containing

shoot primordia were cut out, fixed on microtome holders and
frozen rapidly on a quick freeze bar of the cryostat by
spraying with Lab Freeze (ICN Pharmaceuticals, Ohio, U.S.A.).
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Sections
microtome.

(8~)

were cut at -18°C in a cryostat

Each section was flattened on the cold knife

with a camel hair brush, picked up with gelatin (1%) coated
slides, thawed, air-dried and then stored overnight in
deep-freeze (-20°C).

These sections were used for localising

acid phosphatase, peroxidase and starch.
III.

Localisation of acid phosphatase activity
Acid phosphatase (E C.3.1.3.2) was localised in shoot

primordia of latent buds, by the method of Barka and
Anderson (1962) ,using

~-naphthyl

phosphate as substrate and

hexazonium pararosaniline as the coupler.

The sections were

incubated for 30 minutes in the reaction mixture, rinsed in
distilled water, dehydrated quickly in a tertiary butyl
alcohol series, cleared in xylene and mounted in Eukit resin.
Some sections were counterstained with fast green (1%).
Photomicrographs were taken with a Leitz Orthoplan microscope
with an Orthomat camera.
of etiiyme acti';ity~

Brick red colour indicated the site

Control sections incubated in reaction

mixture without the substrate showed only light yellow
colouration. Colour photomicrographs were visually scored
and data are presented in Table 1.
IV.

Localisation of Peroxidase (E C.l.ll.l.7)
Peroxidase was localised by the benzidine method, using

1% H 0 as substrate (Van Fleet, 1959). The sections were
2 2
incubated for 30 minutes and peroxidase activity was
indicated by dark blue
V.

colouration·

Localisation of starch
Sections were stained for starch with dilute solutions

of IKI (0.44 g iodine and 22.088 g potassium iodide in
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500 ml distilled water) by the method of Gates and
pimpson (1968). Starch accumulation was indicated by bluishblack deposits.
VI.

Transmission Electron Microscopy of latent buds
The apices of latent buds were fixed for 3 h at OoC

in 3% gluteraldehyde buffered with 0.025 M phosphate buffer
(pH 7.2) containing 1% sucrose as an osmoticum.

The apices

were then post-fixed in 2% Os04 for 2 hours, dehydrated in
an acetone series, infiltrated and embedded in Spurr's
resin.

Sections (50-100 nm) were cut and stained with uranyl

acetate and lead citrate (Reynolds, 1963).

Micrographs were

obtained with Phillips 200 Transmission Electron microscope.

RESULTS
The apices of grapevine latent buds, exhibit two
distinct zones of cells (Pratt, 1974).

Large vacuolated

relatively quiescent cells of the 'rib meristem'

(RM) are

surmounted by 5 to 6 layers of highly active, smaller cells
which are the sites of origin of leaf primordia and anlagen.
These cells constitute a 'peripheral zone'
I.

(PZ)

(Fig. 6).

DNA per nucleus in apices of latent buds
Data on the content of DNA in the nuclei in PZ cells

are presented in Fig.

7.

The data for RM cells are not

given as the cells mostly contained 2C-nuclei and the
proportion of 2C-and 4C nuclei did not vary greatly during the
formation and the development of anlagen.
In plants grown at 30°C, a temperature favourable
for inflorescence primordia formation, cells in the latent bud
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apices contained appreciable nUinbers,of 2C-nuclei both be·fore
and after the anlage formation.

However, the difference

between the 2C and 4C cell population was small during stage
1 and .stage 4 of anlage development.

In the case of fully formed

inflorescence primordia (stage 7) there was a greater number
of 4C-nuclei than 2C-nuclei.
In plants grown at lSDC, a temperature which is
unfavourable for inflorescence primordia formation but which
fosters tendril growth, the latent bud apices contained a,high
proportion .. of 4G nuc.lei before anlage formation.

DuriIl.g anlage

formation (stage 1) the nmnber of 2C-nuclei began to
increase, so that, finally there was an almost equal nmnber
of 2C-and 4C-nuclei.

After separation of anlagen from the

shoot apex, the anlagen contained mostly nuclei with the 2C
amount of DNA.

When anlagen formed a bract and two arms

(Stage 4) 4C-nuclei were of greater abundance than 2C-nuclei.
In the tendril primordia also there was a predominance of
4e~nuclei'in

II.

the peripheral cells.

Acid phosphatase activity
W.i th a high temperature

(30 DC) the site of most

pronounced activity of acid phosphatase in latent bud

apice~

was generally the peripheral zone cells (Plates S-lO).
In newly-formed latent bud apices (in the axils of the
prompt bourgeon) a high activity of this enzyme was
localised in the first two layers of the PZ cells (Plate Sa).
As the first leaf primordium was initiated, medium to high
activity was found in both PZ and RM cells, particularly
at the site of leaf initiation (Plate

Sb).

When the

latent bud apices had formed 5 leaf primordia. the zone of
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FIGURE 7
DNA per nucleus in peripheral zone cells of anlagen, tendrils,
inflorescence primordia and apices of latent buds.
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TABLE 1
Relative activity of acid phosphatase in cryostat sections(8,)
of latent bud apices, anlagen, tendril and inflorescence
primordia. The latent buds were obtained from plants grown
at 30°C days and 25°C nights and at 18°C days and l3°C nights.
Intensity of enzyme activity is expressed as visual scorings.
Each value is a mean of 10 latent buds.
Developmental Stages
A.

Peripheral
zone

Rib
meristem

30°C days-25°C nights

Latent bud apex

+ + +

+ +

+ +

+ +

+ + +

+

4. Anlage (stage 2)

+ +

+

5. Anlage with 2 arms and a bract (stage 4)

+ + +

+

Partially developed inflorescence primordia
(stage 6)

+ + +

0

Fully developed inflorescence primordia
(stageS)

+ + +

+

+ +

o
o
o

1.

2. Apex initiating the 1st leaf primordium
3.

6.
7.

Latent bud at 5-leaf-primordial stage

B.
1.

18°C days-13°C nights

Anlage

2. Anlage with 2 arms

+

3. Tendril primordium

+ + +

+ + + High activity

++

Medium activity

+

Low activity

o

No visible activity
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PLATE 8
Localisation of acid phosphatase activity in the cryostat sections
(8~) of latent buds

A.

Acid phosphatase activity in a latent bud (LB) which is formed in
the axil of the first bract (BR) of the prompt bourgeon (PB).

Note

the intense activity of the enzyme in the peripheral zone (PZ) and
a low activity in the rib meristem (RM).

B.

Acid phosphatase activity in a latent bud during the initiation of
the first leaf primordium (LP).

Note a high enzyme activity at the

site of initiation of leaf primordium;

q

SL17 x

e
,

•
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measurable enzyme activity was restricted to PZ cells of leaf
primordia and apices.

(Table 1)

In apices which were undergoing division to form
anlagen (Stage 1) more enzyme activity was localised

J-n dividing. ·~ells (Plate 9a). Similar· localisation of enzyme
activity was observed in anlagen which were developing bract
and two arms (Plate 9b).

In anlagen which have

already developed a bract and two arms (Stage 4) PZ cells
were uniformly very active with respect to the acid phosphatase reaction.

The RM cells however showed very little

staining for the enzyme (Plate 9c).

A similar trend

persisted in partially and fully developed inflorescence
primordia.

Branch primordia stained intensely but the bract

primordia and RM cells were weakly stained (Plate lOa, b).
Activity of acid phosphatase was relatively low in
low temperature (18°C) in the various stages of anlage
development (Plate lla).

However, there was considerable

enzyme activity in the superficial cells of PZ in
tendril primordia (Plate lIb;
III.

Table 1).

Peroxidase activity
As with acid phosphatase, activity of

pero~idase

observed primarily in the PZ cells of anlagen.

was

This trend

was evident at all stages of anlage development. (Plate 12a,b).
IV.

Starch
The occurrence of IKI-reactive starch was mostly

restricted to the diaphragm cells of latent buds.

Some

accumulation of starch was observed in the bases of older
leaf primordia (Plate

12c).
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PLATE 9
Relative distribution of acid phosphatase activity during the
formation of anlagen, bracts and arms

A.

A longitudinal section of a latent bud showing the distribution
of acid phosphatase activity in the leaf primordia (LP) and the
first and the second anlagen (AL 1, AL 2).

Note that the

peripheral zone cells (PZ) exhibit comparatively a high
activity than the rib meristem (RM).

B.

An enlarged photomicrograph of the first anlage (AL 1).

Note

a high enzyme activity at the site of division (arrow) of the
anlage into two arms.

C.

An anlage which has formed a bract (BR), the inner arm (rA) and
the outer arm (OA).
PZ cells.

Note a distinctly high enzyme activity in the

,

1::18

•
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v.

Ultrastructure of latent bud apices and anlagen
Transmission electron microscopy of latent. bud apices

and anlagen did not show any apparent differences in both
number and conformations of cell organelles which could be
associated with inflorescence initiation and development.
Nevertheless, PZ and RM cells in the apices contained numerous
starch granules in their chloroplasts, just before anlage
formation (Plate 13).

At other times, starch granules were

much less abundant.

DISCUSSION
The comparatively high proportion of 4C-nuclei in the
PZ cells of latent bud apices grown at 18°C is, possibly,
a consequence of arrested mitotic cycle
G population.
2

and an increase in

The percentage of 4C-nuclei decreased

during anlage formation.

The G

l

cell population containing

primarily 2C-nuclei prevailed in mature anlage (Stages 2 to
4) regardless of the temperature regime.

A similar shift

in cell population from a predominantly G stage before
2
floral evocation to a predominantly G stage during floral
l
evocation and initiation has been observed in Sinapis alba
(Jacqmard and Miksche, 1971;

Bernier et al., 1974).

The

presence of large numbers of 4C-nuclei in tendril primordia
and inflorescence primordia may indicate that mitotic
activity is slowing down in latent buds in anticipation of
the forthcoming organic dormancy.
Differential enzyme activity is normally associated
with specific cell types in relation to their position in
the differentiation gradient of the tissue (Bayer et al.,
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PLATE 10

Distribution of acid phosphatase activity in a partially-developed
(A) and a fully-developed (B) inflorescence primordia.

Note the

very high activity in the branch primordia but slight activity in
the bract primordia. epidermal cells and RM cells.
counterstained with fast green FCF (1%).

Sections were

•

•

•

I

01

ate Id
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PLATE 11

Acid phosphatase activity in cryostat sections of the
tendril primordia of latent buds. The latent buds
were sampled from vines which were grown in a"low
temperat"ure'(18°C days-13°C nights).
A.

An early stage of tendril primordium showing a
low activity of acid phosphatase.

B.

A fully-developed tendril primordium. Note the
high activity of acid phosphatase in the PZ cells,
but no activity in the RM cells.

SLv x

I
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1961',

Czernik et al., 1964).

In Xanthium pensylvanicum

and Pharbitis nil cytochrome oxidase - and acid phosphatase
activities were localised in actively dividing and
differentiating apical cells during floral evocation
(Klopfer, 1973, 1975).
and older cells,

However, cells at the extreme apex,

showed little activity.

The role of acid

phosphatase and peroxidases in cellular metabolism and
differentiation is not well known in plants.

Gifford and

Stewart (1965) suggested that peroxidase and acid
phosphatase are involved in cell wall metabolism.

Results

in the grapevine showed that these enzymes are mostly
localised in PZ cells of shoot apices.
ally

These

mitotic~

and enzymatically-active PZ cells have been shown

previously to be involved in the initiation of leaves and
anlagen in grapevine (Pratt, 1974;

Tucker and Hoefert, 1968).

Starch accumulation was observed in the diaphragm
cells of latent bud axes in IKI-stained sections.
on the

Studies

ultrastructure of latent bud apices also revealed

the presence of comparatively large numbers of starch
granules in the apices committed to anlage formation.

These

results support the findings in Chapter 4 that the
accumulation of 14C activity from 14 C02 increased in the buds
actively involved in inflorescence initiation.
present study with grapes Havelange et al.

As in the

(1974) found no

qualitative changes in the cytoplasmic, components of apices
of Sinapis alba during the early' stages of flower formation.
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PLATE 12

a,h.Peroxidase activity in an anlage (a) and in an anlage which has
formed a bract and two arms (b).

Note that the enzyme activity

is restricted to the PZ cells.

c.

Longitudinal section of a latent bud at the stage of anlage
formation showing the presence of starch granules (5) in
diaphragm cells and older leaf primordia. AL:

Anlage
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PLATE . 13 . Transmission El ectron Micrographs of a peripheral zone
cell (A) and rib meristem cells (B)inalatent bud apex (S-leaf primordial
stage) just before anlage formation . Note large nurnbenof starch grains (5) .
N - nucleus ; NU - nucleolus ; V - vacuoles
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CHAPTER 6

EFFECTS OF GIBBERELLINS, CHLORMEQUAT AND CYTOKININS
ON VEGETATIVE GROWTH AND FORMATION OF THE ANLAGE
AND ITS DERIVATIVES

INTRODUCTION
External factors exert their influence on flowering
by modifying the balance of various hormones present in
the plant (Steward, 1976).

The direct approach to under-

standing the mechanisms involved is to compare the levels
of endogenous hormones in plants kept in non-inductive
environments with those of plants transferred to flowerinducing conditions.

This information is then used to

establish correlations between the status of various
hormones and the degree of flowering (Baldev and Lang,
1965).

The experimental techniques involved are difficult.

The present methods of extraction and estimation of hormones,
although undergoing rapid development, are still inadequate
for the establishment of realistic correlations between
endogenous levels and flowering (Baldev and Lang, 1965;
Zeevaart, 1976).

In the present work it was decided

therefore to utilize an indirect approach to the study of
control of flowering in grapes, that is, a study of
responses to exogenous growth regulators.
There are a few reports that gibberellins inhibit
flowering in grapes and that growth regardants such as
chlormequat promote inflorescence formation (Alleweldt, 1959,
1960, 1961;

Coombe, 1967;

Sugiura et al., 1976).

Gibberellins

and cytokinins are known to be present in the ascending sap
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of grapevines (Skene, 1967, 1975).

Cytokinin is necessary

for the growth of young inflorescence (Mullins, 1967a,1968).
These reports have been concerned with gross morphological
effects.

Hitherto, there have been no studies on the

effects of growth regulators on the formation of anlagen,
that is, studies on inflorescence initiation or on the
conditions favouring of either tendril or inflorescence
primordia formation from anlagen.
The object of the present study was to study the
effects of individual, combined and sequential applications
of gibberellins, growth retardants and cytokinins on
vegetative growth and on the formation and the mode of
development of anlagen.

The possibilities of using growth

regulators to promote inflorescence formation in both
favourable temperatures (30 to 33°C) and unfavourable
temperatures (less than 21°C) were also investigated.

MATERIALS AND METHODS
Plants were established from dormant hardwood
cuttings of Shiraz and Muscat of Alexandria as described
previously (Chapter 3;

Srinivasan and Mullins, 1976).

All

experiments were made in a temperature-controlled
glasshouse.
A high temperature, favourable for inflorescence
formation (30°C days-25°C nights) and low temperatures
unfavourable for inflorescence formation (21°C days-16°C
nights

lBoC days-13°C nights) were used.

Plants were

grown with natural illumination either in winter or summer.
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were dissolved in 1 per
Gibberellins (GA 3 , GA4 + 7)
cent aqueous ethanol. Chlormequat (50 % active ingredient)
and BA were dissolved in water.
per cent isopropanol in water.

PBA was dissolved in 5
All growth regulator

solutions contained Tween 20 as wetting agent.
Growth regulators were applied either as whole
plant sprays using a "Jet Pack" aerosol unit or were applied
as 30 ~l drops with an Alga microsyringe. Plants were treated
with growth regulators when they had 10 unfolded leaves
unless stated to the contrary.

There were a minimum of 5

replicates.
The various stages of anlage development and
inflorescence formation were given stage numbers as described
previously in Chapter 3, plates 2, 3, 4 and 5.

Laten,t buds

were collected from 30 nodes (counted from the base) on each
plant and were dissected to determine the stage of development.
To observe the pattern of anlage formation on the
primordial shoots of latent buds, single node cuttings were
made from the treated plants and forced to grow by standing
in distilled water.

The position of inflorescences, tendrils

or shoots (if any) was recorded when the buds grew out to
produce 5-6 leaves.
counting.

Data were recorded for 6 nodes by visual

For the rest of the nodes (up to 10) data were

recorded by observing shoot tips with the stereomicroscope.
Leaf area was obtained by use of an automatic leaf
area meter.

Dry weight of various plant parts was estimated

after drying in hot air at 80°C for 24 hours.
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RESULTS
The influence of growth regulators on vegetative and
reproductive growth of grapevines is described here in three
sections namely, individual effects, combined effects and
the effects of sequential treatments.
I.

INDIVIDUAL EFFECTS OF GROWTH REGULATORS

(1)

Gibberellins
There were marked effects of gibberellic acid (GA) on

shoot and leaf growth.

Compared to control, shoots and

petioles were thinner and longer and leaves were pale green
and translucent in GA-treated plants.

Initially the young

leaves of treated plant were red but turned pale green as
they matured.
controls.

Stems and leaves matured earlier than in

These effects on vegetative growth were observed

regardless of whether GA was applied as a whole plant spray
or was applied only to shoot tips or axillary buds (Table 2).
Increasing

the concentration of GA to 300

~M

did not

markedly increase shoot growth but leaf area was reduced.
This was due to the toxic effects of the high concentration
of GA such as the formation of narrow hyponastic leaves with
marginal necrosis.

Responses to GA3 and GA4 + 7 were

essentially similar.
A conspicuous increase in the length of tendrils was
observed in all GA-treated plants.
plants treated with >30

~M

Tendrils formed in

GA were twice as long as those of

the control plants (Fig. 8).

Tendrils which separated from

shoot apices at the time of GA treatment were more responsive
than those formed earlier or later.

The number of branches

produced by tendrils was seldom affected by GA.
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FIGURE 8
Effect of GA (3 ~M;

15 ~M;

30 ~M), chlormequat (2.4 mM) and PBA (300 ~M)

on the mean length of tendrils at nodes 10-25 in
vines grown at 30°C days and 25°C nights.

Muscat of Alexandria

The length was measured from

the point of attachment of tendrils on the primary shoots to the tip. of
the longest arm of tendrils.
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TABLE 2
Vegetative growth of Muscat of Alexandria vines grown at 30°C days and 25°C nights, in response to GA treatment
(mean of 5 replicates)
Length of shoot - m
Concentrati on
of
GA

W

B

Mean 1ength of
internodes - cm

Number of internodes

S

W

B

S

48

W

B

Leaf area - cm 2 x 10 3
S

W

B

S

4.64

3.8

Control

1.73

GA 75 JlM

2.51

2.36

2.35

43

41

40

5.8

5.7

5.8

4.76

3.93

4.90

CA 150 JlM

2.60

2.46

2.65

40

42

36

6.5

5.8

7.3

4.18

4.18

4.29

GA 300 Jl M

2.83

2.62

2.71

44

47

43

6.4

6.4

6.3

3.25

3.88

3.39

LSD 5%

W

=

whole plant spray;

0.57

B

=

bud treatment;

3.3

S

=

0.86

0.33

shoot tip treatment.
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FIGURE 9
Individual or combined or sequential sprays of GA (3
chlormequat (2.4 mM) and PBA (300

~M)

~M;

15

~M;

30

~M).

on the length of shoot primordia in

the primary latent buds of vines grown with 30°C days and 25°C nights.
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GA caused a marked elongation of shoot primordia of
latent buds (Fig.9).

Latent buds located in the basal nodes

(1-8) were not much affected by GA but in buds formed in the
axils of the nodes 9-16 the elongation was so marked that
the primary, secondary and tertiary latent buds became
separated and appeared as three buds instead of the one
compound bud or "eye" of the control plants (Plate 14a) •
The increase in the length of latent buds was due primarily
to the elongation of the sub-apical axes of shoot primordia
below the first and the second leaf primordia (Plate 14b).
The shoot primordia in the primary latent buds located at
nodes 10-16 on the main shoots sprouted prematurely and grew
out into short shoots similar in size to lateral shoots
(Plate 14d).

Latent buds which did not grow out, dried and

abscinded prematurely leaving a prominent scar in between
the secondary and the tertiary latent buds.
In latent buds of GA-treated plants, there was a
precocious initiation of anlagen opposite the 2nd or the
3rd nodes, instead of opposite the 4th or the 5th nodes as
is normal (Plate 14c) •
Anlagen produced in GA-treated plants generally grew
long~r

than those of control plants and formed bract

primordia and the inner and outer arms.

However, the

subsequent growth and branching of these arms was completely
inhibited by GA (Fig.lO) and these two-branched anlagen
emerged as tendrils in the prematurely-burst latent buds
(Plate 14d).
Comparison of the plants grown in a low temperature
(18 COdays/13°C nights) with those grown at a high temperature
(30 COdays/25° nights) showed that GA-response did not
vary with temperatures.

However sprouting of latent buds
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PLATE 14
Effect of GA (15 ~M) on the growth of latent buds and on
the formation of anlagen in latent buds

A.

A fully-matured compound bud of an untreated grapevine.
The bU:d contains a primary, a secondary and a tertiary
latent bud.

B.

All the buds are covered by a bract.

A bud from a GA-treated grapevine showing the protracted
growth of primary (PL), secondary (SL) and tertiary (TL) latent
buds.

c.

Note the marked elongation of the primary latent bud.

A scanning electron micrograph of a primary latent bud formed in
the GA-treated vines.

Note the initiation of an anlage opposite

the second leaf primordium.

D.

A shoot that has developed by the premature sprouting of a primary
latent bud (LBS) during the current season.

Note the

presence of a tendril opposite the second leaf.

LS -

late~al

shoot.

p

£·0 x
•

I
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did not occur in low temperatures, but buds were elongate·a as
at high temperatw::es.

In general,' anlagen were formed at normal

nodal positions in latent buds except in the control plants
grown at a low temperature, wherein anlagen were formed one
node higher than in similar control plants grown at a high
temperature.
(2)

Chlormequat
(a)

Effects of chlormequat on plants grown at a
high temperature (30°C)

Whole plant sprays of chlormequat (0.2 roM, 0.4 roM,
1.2 roM) to Musca.t of Alexandria vines grown in a high
temperature (30°C) caused a general reduction in vegetative
growth.

Total shoot growth, total leaf area and dry weights

of shoots and roots were reduced with increasing concentration
of this growth retardant (Table 3).

Leaves were thicker and

darker green than in controls but number of laterals was
reduced.

The mean number of inflorescence primordia in

latent buds was increased by high concentrations of
chlormequat (0.4 roM and 1.2

~~)

(Table 5).

Tendrils formed on the primary shoots were unaffected
by low concentration of chlormequat (0.2 roM) but tendrils
formed in the higher concentrations (0.4 roM or 1.2 roM) were
greatly reduced and most of them abscinded prematurely
(Plate 16C).
(b)
Shiraz:

Effects of chlormequat on plants grown at a low
temperature
(21°C)
Application of chlormequat (2 roM, 4 roM or 6 roM) as

foliar sprays to Shiraz vines at 21°C caused a reduction in
the length of internodes, leaf area and dry weights of shoots
and roots compared to control vines.

Soil drenches of

chlormequat did not affect the vegetative growth.

Tendrils

in chlormequat-treated vines either remained short or
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FIGURE 10

Effect of GA (3 UM;

15 UM;

30 uM), PBA (300 uM) and chlormequat (2.4 mM)

on the developmental stage of inflorescence primordia in latent buds of
vines grown in 30°C days and 25°C nights.
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abscinded prematurely.

The experimental plants were grown

with natural illumination during June to August (Winter in
the southern hemisphere).
Examination of latent buds 16 weeks after chlormequat
treatment showed that they contained 6-8 leaf primordia.
Anlage formation was completely inhibited in the latent buds
of plants treated with foliar sprays of chlormequat.

However,

anlagen were initiated opposite the 5th or the 6th leaf
primordium in the latent buds formed in the control plants
and in plants which received a soil drench of chlormequat.
!4uscat of Alexandria:

When applied either to whole plants or

to latent buds chlormequat (2 roM) caused a considerable
reduction in the vegetative growth of vines as compared with
controls.

The reduction in the vegetative growth was

accompanied by
latent buds.

a complete

inhibition of anlage formation in

When these poorly-developed latent buds were

forced to grow as shoots anlagen were formed on these shoots
in positions opposite to the 10th or to the 11th nodes (Plate
16e).

Experimental plants were grown at 21°C glasshouse

units during June to August (winter season).
(c)

Formation of "Second Crop" in Muscat of Alexandria
vines grown at a low temperature (21°C)

Vines were given five sprays of chlormequat (2.4 roM)
at fortnightly intervals.
commencement of treatment.

Each vine had 15 leaves at the
Some of the tendrils which were

initiated subsequent to chlormequat treatments were converted
into inflorescences.

About 80 per cent of the treated plants

formed inflorescences on their primary shoots.

The

position of inflorescences on primary shoots varied from
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FIGURE 11

The stage of development of inflorescence primordia in latent buds of
vines which were grown at 30°C days and 25°C nights, in response to
combined or sequential sprays of GA (15 /JM), PBA (300 pM) and thlormequat

(2.4 mM).
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TABLE 3
Effect of chlormequat and BA on the vegetative growth of Muscat of
Alexandria plants grown with 30°C days and 25°C nights (Mean of
5 replicates)

Treatments
(concentration in mM)

Length
of shoot

No of
nodes

m

Total leaf
area
cm 2 x 10 3

No. of
laterals

control

2.17

48

5.85

21.5

chlormequat 0.2

2.28

65

6.86

21.6

thlormequat 0.4

1.92

47

6.22

15.0

ch 1ormequat 1.2

1.78

47

5.64

16.0

BA 0.5

1.97

44

5.83

27.5

BA 0.5 +chlormequat 0.2

2.22

49

5.30

19.3

BA 0.5 + 'dl10rmequat 0.4

2.12

51

5.29

21.5

BA 0.5 + Ch10rmequat 1.2

1.23

37

1.19

7.35

LSD (5%)

0.28

6.4

0.54

4.8
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PLATE 15

Formation of "secondary inflorescences" (

A

and B), and "second crop"

(c and o)on primary shoots of Muscat of Alexandria vines which

were treated with five sprays of chlormequat (2.4 mM) at fortnightly
intervals. The vines were grown in a "non-inductive" temperature for
flowering (21°C days-16°C nights).

The inflorescences and

bunches shown here are opposite the 22nd and 23rd nodes.

a
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the 19th to the 37th node, but most plants bore
inflorescences at node 22 or 23.

The mean number of

inflorescences per plant was 5.2.;
them developed up to anthesis.

but only 35 per cent of

Each inflorescence

contained an average of 55 flowers.
per bunch ( Plate

15).

There were 38 fruits

The experiment was made at 21°C

during November to April (summer and autumn in southern
hemisphere) .
Examination of latent buds sampled from plants that
had been grown for 6 months in 21°C showed that inflorescence
primordia were present in both control and chlormequattreated plants.

However, the number of inflorescence

primordia per bud was significantly higher in latent buds
formed in chlormequat-treated vines (Fig .12).
(3)

Cytokinins
(a)

Effect of cytokinins on Muscat of Alexandria
vines in a high temperature (30°C)

Treatment of vines either with BA (500

~M)

or with

PBA (300 11M) did not affect the gross morphology of vines.
However, in BA treated vines the dry weight of shoots
increased at the expense of roots, which decreased.
Fruitfulness of latent buds located on the distal nodes
(21-30) increased significantly in PBA-treated vines
compared to untreated vines
(b)

(Fig.10).

Effect of cytokinins on Huscat of Alexandria
vines at low temperatures (21°C or 18°C)

Applications of BA (500

~M)

was made to vines which

were growing in 21°C glasshouse unit with natural illumination during winter.

Anlagen did initiate in the latent buds

of both treated and untreated vines, but they did not

~

.,.a

FIGURE 12
Number of inflorescence primordia per latent bud in vines which were grown in a low
temperature (21°C days-16°C nights) and treated with chlormequat (2.4 mM)
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develop into inflorescence primordia.
In the case of vines which were grown at 18°C with
summer season's illumination, BA-treatment increased the
number of branches in tendrils of primary shoots (Plate 16b).
Some of the anlagen on the primary shoots were developed into
shoots (Plate 16a).
II.

SIMULTANEOUS APPLICATION OF GROWTH REGULATORS

(1)

GA and chlormequat or GA and PBA
The vegetative growth and the fruitfulness of latent

buds in vines which received combined sprays of GA (15
and chlormequat (2.4 mM) or GA and PBA (300

~M)

~M)

was similar

to that of vines treated with GA alone.
(2)

Chlormequat and PBA
At a high temperature (30°C) vines treated with
~M)

mixtures of chlormequat (2.4 roM) and PBA (500

did not

differ in regard to vegetative growth and fruitfulness from
those supplied with chlormequat alone.

At a low temperature

(21°C) combined treatments suppressed the vegetative growth
as well as anlage formation in latent buds.

These results

were similar to those obtained with vines treated with
chlormequat alone.
III.

SEQUENTIAL APPLICATIONS OF GROWTH REGULATORS

(1)

GA followed by chlormequat treatment at 30°C
Plants were first treated with GA (3

~M

or 15

~M).

Three days later half the number of plants were again treated
with chlormequat (2.4 mM).
treatment.

There were 10 plants in each

Latent buds located at or distal to the 14th node

in treated plants sprouted prematurely (Fig.9) but the latent
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TABLE 4
Effect
Muscat
on the
in the

of application of GA followed by applications of ch10rmequat to
of Alexandria plants in a high temperature (30°C day - 25°e night)
percentage of nodes bearing inflorescences, tendrils and shoots
latent buds*

Treatments

Nodes at
Percentage of nodes bearing
which the
Percentage of
first anlage Inflorvacant nodes
formed escences Tendrils Shoots

Control

4-5

28.5

42.9

0

29.6

GA 3 J.IM

4

0

71.4

0

29.6

GA 15 J.IM

4

71.4

0

29.6

Ch10rmequat 0.4 mM

4-5

'51.4

2.9

2.9

42.8

eh10rmequat 1.2 mM

4-5

28.6

8.6

22.9

39.9

GA 3 J.IM +
Ch10rmequat 0.4 mM

4-5

17.1

17.1

17.1

48.9

GA 15 J.IM +
Ch10rmequat 0.4 mM

4-5

20.0

5.7

17.1

57.2

GA 3 J.IM +
Ch10rmequat 1.2 mM

4-5

17.1

8.6

22.9

51.4

GA 15 J.IM +
Ch10rmequat 1.2 mM

5-6

22.8

0

34.3

42.9

*Mean of five replications
'Observations were made in nodes 4-10 of latent buds by use of
single node (bud) cutting technique.
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PLATE 16
Formation of inflorescences, tendrils and shoots by anlagen of
Muscat of Alexandria vines which were grown in a "non-inductive"
temperature (18°C days-13°C nights) and treated with BA (500 vM)
and/or chlormequat

a.

Development of shoots (S) from anlagen of a primary shoot,
following the treatment of the shoot tip with BA (500 vM).

b.

Branching of tendrils in the BA-treated primary shoots.

Note

the increase in the number of branches from 2 to 6.

c.

Growth of tendrils in chlormequat (2.4 mM)-treated vines.
Note the reduced size of tendrils.

Some tendrils turned into

shoots.

d.

The shoot shown here grew from a latent bud of a primary shoot
which was treated with chlormequat (2.4 mM) followed by BA (500 vM).
Note the formation of inflorescences, tendrils and shoots and
their positions.

e.

The shoot shown here grew from a latent bud of a primary shoot
which was treated with chlormequat (2 mM).

Note that the

first anlage has initiated opposite the 11th leaf.
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buds at the basal nodes, 1-10 developed normally (i.e. did
not grow out but remained dormant).
Using the forcing technique with single buds, the
basal buds (1-10) were made to grow into shoots so as to
observe the mode of development of the anlagen already
present in these buds.

Results are presented in Table 4.

The shoots which grew out from the latent buds sampled
from GA-treated plants bore mostly tendrils, while shoots
derived from latent buds of plants which were sequentially
treated with GA and chlormequat bore more inflorescences
and shoot primordia than tendrils.
(2)

GA followed by PBA
Plants which received sequential treatments of GA

(15 VM) and a week later PBA (300 VM) did not differ in
respect of vegetative growth and fruitfulness (Fig.ll) from
those treated with GA alone.

Moreover, the sequential treat-

ments did not prevent the GA-induced sprouting of primary
latent buds (Fig.9).

However, a high proportion (73%) of

secondary latent buds bore inflorescence primordia in nodes
13-19 where the primary latent buds had sprouted and
abscinded.
(3)

The experiment was made at 30°C during summer.

Chlormequat followed by BA
(a)

At a high temperature (30°C)

At weekly intervals, vines were sprayed with various
concentrations of chlormequat (0.2 roM, 0.4 roM, 1.2 mM) for
four weeks.

Shoot apices and leafaxils of the treated

plants were subsequently supplied with BA (500 VM).
Maximum volume of BA without run-off was 30 VI, and this
rate was applied to each shoot apex and leaf axil.

BA-
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TABLE 5
Effect of sequential treatment with chlormequat and BA on the number of
fully developed inflorescence primordia in latent buds sampled from
nodes 1-30 in Muscat of Alexandria vines grown at 30°C days-25°C nights
(Data are mean of 5 replicates.)

Treatments
(concentration in mM)

*Nodal position of latent buds
1-10

11-20

21-30

Control

0.43

1.43

1.03

Chlormequat 0.2

0.43

0.58

1.60

Chlormequat 0.4

0.88

1.58

1.88

Chlormequat 1.2

0.60

1.80

1 ~58

BA 0.5

0.33

1.48

1.43

BA 0.5 + Chlormequat 0.2

0.35

1.48

1.30

BA 0.5 + Chlormequat 0.4

0.48

1.30

1.60

BA 0.5 + Chlormequat 1.2

0.50

0.98

0.53

0.24

0.22

0.21

LSD 5%

*

counted from the base of the shoot
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feeding was repeated on alternate days for three weeks.
Flower buds appeared on tendrils growing from nodes 22-29
of the primary shoot.

In addition, small inflorescences

were also formed in lateral shoots which emerged from the
axils of leaves 7-22.

Flower buds and inflorescences were

produced in all treated plants except for those which were
treated with low concentration (0.2 mM) of chlormequat and
BA (500 11M) •
Fruitfulness of latent buds was not much affected by
the successive treatment of chlormequat and BA (Table 5)
as well as chlormequat and PBA (Fig.ll).
(b)

At a low temperature (18°C)

Plants at 18°C were also fed with Chlormequat (2.4 mH)
and BA (500 11M) drops similar to plants at a high temperature
(30°C).

New growth of primary shoots which appeared following

chlormequat and cytokinin treatments had initiated several
conical shaped inflorescence and shoot primordia rather than
tendrils (Fig.13).

These inflorescences did not develop to

anthesis but dried prematurely.
Mature latent buds of both treated and untreated
plants were forced to grow out by use of the single-budforcing technique to determine the position and kinds of
derivatives of anlagen.

The first anlage was found in

most buds at nodes 4-11 in treated plants, but
it was opposite the 5th node in untreated plants (Fig.14).
The normal sequence of successive anlage initiation was
distorted by chlormequat treatments.

Number of inflorescence

and shoot primordia in latent buds from plants sequentially
treated with chlormequat and cytokinin, was higher than in
latent buds from chlormequat treated plants (Table 6, Plate
l6d) .

III

TABLE

6

Pattern of inflorescence. tendril and shoot primordia formation in latent
buds obtained from Muscat of Alexandria plants (nodes 1-20) grown in 18°C
days-13°c nights. The vines were treated sequentially with chlormequat and
BA.

Treatments

*Percentage of nodes bearing
Nodes at
which first
Inflor- Tendril
anlage formed escence
Shoot

Percentage
of vacant
nodes

Control

4-6

0

56.7

10.0

33.3

Chlormequat 2.4 mM

4-10

13.3

13.5

16.6

56.6

Chlormequat 2.4 mM +
BA 0.5 mM

4-11

23.3

10.1

26.6

40.0

Data based on ten replications.
*Observations were made in nodes 4-10 of latent buds by use of single node (bud)
cutting technique.

FIGURE

13

Effect of application of Chlormequat (2.4 mM) followed by BA (0.5 mM) on the pattern of tendril, shoot and secondary
inflorescence formation on the primary shoot of Muscat of Alexandria plants grown at 18°C days and 13°C nights

Plant
no.
1

Node number on the primary shoot (counted from the base of shoot)
16
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7
8
9
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•
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6.

0
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0
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• •

• •

4

6
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6.

'"
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3

5

17

'"

'"
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0
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6."

'"

0
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• •

6.
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•
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•

'" '"

'"
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0
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'"
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10
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•
0
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Tendrils
Shoots

6.

No anlage formation

'"
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FIGU~E

14

Pattern of inflorescence, tendril and shoot primordia formation in latent buds at nodes 3-21 of
Muscat of Alexandria plants sequentially treated with chlormequat (2.4 mM) and BA (0.5 mM). The
plants were grown with 18°C days and 13°C nights. There were 5 replicates
Node positions'of
latent bud on the
primary shoot
3
6
9

12
15
18
21

Node number in latent bud*
4

5

7

6

8

9
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0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

*Observations were made in nodes 4-10 of latent buds by use of single node ( bud) cutting technique.
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DISCUSSION
Stimulation of elongation growth of plants is a
well-documented GA-response (Jones, 1973).

Compared to

other plants grapevines responded to GA even at a very low
concentration (Table 2)

(Weaver and McCune, 1959).

Snir

and Kessler (1975) attributed this high degree of response
to a low nuclear DNA content in grapevines.

GA-induced

responses in grapevines were not affected by either
photoperiod (Alleweldt, 1961) or temperature (Page 95).
The premature sprouting of latent buds in GA-treated
plants is probably a consequence of a weakening of apical
dominance of lateral and primary shoots (Phillips, 1975).
Whenever the lateral buds in plants are released from apical
dominance by cytokinins, there is usually some elongation
of the bud axis, but GA allows this development to proceed
considerably further to form a leafy shoot (Ali and
Fletcher, 1970;

Catalana and Hill, 1969).

response has been found here in grapevines.

A similar
The rapid

response of grape latent buds to GA may also be due to
rapid uptake of GA through the buds (Weaver et al., 1966).
Although gibberellins (GA ) are regarded inhibitory
to flower initiation in several orchard species including
grapevines (Jackson and Sweet, 1972;

Alleweldt,196l),

the primary action of GA that brings such inhibition is
obscure.

However, the evidence from fuchsia (Sachs et al.,

1967) suggests that GA-induced inhibition occurs in the
apical meristem.

It is known that grapevine inflorescence

is a result of relatively slow ramification of apices of
anlagen (Chapter 3;

Srinivasan and Mullins, 1976).

115
Application of GA caused anlagen to initiate rapidly at
a proximal node, but these early-formed anlagen did not
develop beyond stage 4 (that is, two arms and a bract).
This premature arrest of the development of anlagen may
be due to an inhibition of cell division in apices of
anlagen.

Such premature cessation of cell division

was suspected as the reason for the inhibition of flower
initiation in apple (Fulford, 1970) and in Carex (Smith, 1969).
The specific action of GA on subapical meristems
is evident in this study.

Tendrils grow initially (up to

7 mm) by apical meristem activity but further growth is
mainly by cell division

and cell elongation in the subapical

tissues of tendrils(Tucker and Hoefert, 1968).

Accordingly

a marked increase in the length of tendrils in GA-treated
plants is likely to have been due to an activation of
subapical meristem by GA.
The finding that chlormequat could not counteract the
effects of exogenous GA, supports earlier reports that
chlormequat does not affect the action of GA but reduces
only the biosynthesis of GA (Paleg et al., 1965;
1975).

Cathey,

The inhibitory effect of chlormequat on the

initiation of anlagen and growth of tendrils may also have
been due to a lowering in endogenous GA levels in vines.
Though chlormequat was inhibitory to the formation
of anlagen and tendrils it promoted inflorescence formation
from tendrils even in an unfavourable temperature (less
than 21°C).

•

However it appears that the effect of chlormequat

on the formation of anlagen and their derivatives may be
modified by the light.

Complete inhibition of anlage iniation
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was caused by chlormequat when applied during winter but
vines treated with chlormequat during summer produced more
inflorescences.

These two contrasting results, which

occurred at the same temperature (21°C), suggest that
responses of vines to chlormequat may be altered by the
duration and intensity of light.

This possibility was

supported by the work of Sugiura et al.

(1976) in promoting

inflorescence formation in grapevines.
Application of cytokinin did not affect inflorescence
formation in latent buds but frequent application of BA
to shoot tips and to the leafaxils of vines previously
treated with chlormequat caused inflorescence formation on
tendrils of both lateral and primary shoots regardless of
the temperature conditions.

The production of inflorescences

by vines grown at 18°C (following sequential treatment of
chlormequat and cytokinin, BA) is of much physiological and
practical significance because hitherto this low temperature
has been regarded as non-inductive for inflorescence formation
in most grape. cultivars (Buttrose, 1970).
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CHAPTER 7

INFLORESCENCE AND FLOWER FORMATION BY ISOLATED TENDRILS
in vitro

INTRODUCTION
Research on flowering in most woody perennials is made
difficult by the long juvenile - or non-flowering periods
of seed -grown plants, by the large size of adult trees
and by the annual occurrence of flowers.

One way of

overcoming these physiological restraints and technical
problems would be to isolate the appropriate apical
meristems and culture them in vitro.
The usefulness of meristem culture for research on
juvenility and flowering in woody perennials has been
emphasized by a few workers (Romberger, 1976;

Jackson

and Sweet, 1972), but no progress has been made so far in
the application of this technique.

The technical problems

encountered in research on flowering are less acute in
the grapevine than in many woody species.

Uniform vines

of known genotype can easily be propagated by cuttings;
rootlings of grape cultivars do not revert to the juvenile
form (spiral phyllotaxy, absence of tendrils) but retain
the adult condition (distichous phyllotaxy, presence of
tendrils), and large numbers of small container-grown
plants can be induced to flower and to fruit in controlled
environment (Mullins, 1966).

In addition, the grape is

amenable to cultivation in vitro from stem apices (Galzy,
1964) and from somatic embryos induced from unfertilized
ovules (Mullins and Srinivasan, 1976).
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A disadvantage of the grapevine as a subject for
studies on flowering is that its reproductive anatomy is
exceedingly complex (Bugnon and Bessis, 1968;

Pratt, 1971).

However, the details of inflorescence and flower formation
have now been clarified through scanning electron microscopy (Srinivasan and Mullins, 1976;

Chapter 3).

It is

now clear from the earlier chapters that grapevine is
unique in forming anlagen.

Anlagen which undergo repeated

branching give rise to inflorescences, while those anlagen
which produce only two or three branches give rise to
tendrils (Chapter 3).

It follows that the control of

inflorescence formation in grapes hinges upon the control
of branching of anlagen or of tendrils.
The present research is concerned with the nature of
the stimuli which affect branching and subsequent
inflorescence formation and this has been studied by growing
isolated shoot apices and tendrils in vitro.

Most

experiments were made with explants from cuttings of grape
cultivars but explants were also taken from grape seedlings.

MATERIALS AND METHODS
Rooted cuttings of the grapevine (cvs

Muscat of

Alexandria, Shiraz, Cabernet Sauvignon, Hepatikilo syn.
Wortley Hall, Sultana syn. Thompson Seedless) were
propagated from canes as described in Chapter 3.

Grape

seeds were extracted from winery marc and stratified (4°C)
with perlite for at least seven weeks before sowing.
Lateral shoots (entre coeur) from the vigorously
growing regrowth from cuttings were collected and surface
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sterilized with 5% sodium hypochlorite for 10 minutes and
washed several times with sterile distilled water.
Culture on Agar:
unfolded leaves

Shoot tips bearing up to two
were excised and cultured on agar with

the basal medium of Nitsch et al.

(1968) supplemented with

casein hydrolysate (0.1%) and with various additives.
Shoot tips were cultured for 4 to 6 weeks (12h illumination,
3 wm- 2 irradiance, 28°C) until tendrils were produced
opposite to the newly formed leaves.
Culture in liquid media:

Explants consisting of tendrils

alone, or of tendril plus associated leaves and axillary
buds, were excised from the cultured shoot tips with the
aid of

stereomicroscope and then grown in liquid culture

in a gyrorotatory incubator (80 osc. min-I, l2h illumination,
2.5 Wm- 2 irradiance, 28°C) supplemented with cytokinins
and other chemical regulators.

Details are given with the

results of experiment.
With grapevine seedlings the tips of primary shoots
were removed from 12 to 15 week old plants.
These tips were cultivated in vitro to produce tendril
explants and subsequently inflorescences in the same
way as from the tips of cultivars.
The tendril explants were then cultured for a further
six to nine weeks before being examined for inflorescence
and flower formation using a scanning electron microscope
(SEM).

Preparation of SEH specimens was as described in

Chapter 3.

The inflorescences formed in gyrorotatory ::cul ture

were irregular in shape, and therefore dry weight and number of
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branches were taken as a measure of size.

The percentage of

tendril explants which grew into inflorescences in response
to various treatments is presented in Tables 7, 8, 9 and 10.
All cytokinins were obtained from Sigma Chemical
Company, except PBA, which was a gift from the Shell
Development Company.

Growth retardants and other chemicals

were purchased from varied sources.

RESULTS
Formation of tendrils in vitro
Tendrils appeared in excised shoot tips after four
to six weeks of culture on agar media containing casein
hydrolysate (0.1%).

The tendrils produced in vitro on

agar were short and they bore two small branches (Plate 17a).
The surface of the tips of these tendrils showed microscopic
divisions.

Generally each explant gave rise to 4 to 6

tendrils.
Effect of cytokinins on excised shoot tips cultivated
on agar
In the presence of cytokinins, BA or PBA (5 to 10

~M)

the growth of shoot tips was rather slow but the newly-formed
tendrils produced several smali branches at their tips
(Plate 17b).
bract.

Each branch was subtended by an overgrown

These branches did not elongate but atrophied within

a few days of formation.

Death of these branches could not

be prevented by the addition of cytokinins to the agar.
However, growth of branches could be sustained if the tips
of tendrils were treated with frequent direct applications
of BA or PBA (5 to 10

~M).

This was done by placing a small
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PLATE 17
Scanning electron micrographs of inflorescence and flower
formation in vitro by grapevine tendrils

a.

A young tendril excised from a cultured shoot tip.

Note the

scar of the bract (BR) which has been removed to expose the
arms of the tendril.

b.

Inflorescence formation on one arm of the tendril, by direct
application of 5 to 10

~M

BA on tips of tendril growing on agar.

BR - bract

c.

Flower (FL) formation on one branch of inflorescence.

d.

Inflorescence formation at 2 to 3 ~M BA (low concentration)
in liquid medium.

Note that the branch primordia are covered

by bracts (BR) which are overgrown.

e.

A fully developed flower showing anthers (AN) and pistil.

f.

Style and stigma (SG) formation in a flower.
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piece of absorbent cotton wool, moistened with cytokinins,
upon the tendril tips.

The cotton wool was replaced at

weekly intervals.
After this local feeding of cytokinins, the branches
continued to elongate and formed several branch primordia.
Ultimately the branch primordia grew into an inflorescence.
These inflorescences were either green or red.

The presence

of axillary buds and leaves did not affect the response of
tendrils to cytokinin.
Effect of cytokinins on inflorescence formation on tendril
explants in liquid medium
Culture of tendril explants with BA in liquid media, in
a gyrorotatory incubator, resulted in prolific branching of
tendrils and formation of inflorescences.

Neither branching

nor inflorescence formation was observed in the basal medium
or BA at a low concentration (1

~M).

with 2-10

~M

BA there

was a progressive increase in inflorescence size (Plate 17d).
with

increasing concentrations of BA there was a progressive

increase in the number of branches and in the dry weight of
inflorescences.

BA at a concentration of 15

~M

was toxic.

Other cytokinins which induced formation of inflorescences
included PBA and ZR.

Kinetin, 2iP and zeatin failed to

stimulate branching of tendrils.

The response of tendrils to

ZR was weak compared with the response to benzyl-substituted
cytokinins and the optimum concentration of ZR (10
higher than that of the other cytokinins.
inflorescences was with BA and PBA (10

~M)

~M)

was

Greatest growth of
(Fig. 15A, B).

Adenine was either without effect or was inhibitory to
inflorescence formation.

The percentage of cultures which

have produced inflorescences from tendril explants is
presented in Table 7.
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FIGURE 15

Effect of cytokinins on mean dry weight and mean number of branches per
inflorescence formed in vitro by isolated tendrils.

Cultures were

grown with Nitsch's basal medium supplemented with 0.1 per cent casein
hydrolysate and 2 per cent sucrose.
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Effect of other chemical and physical factors on
inflorescence formation by isolated tendrils
It is probable that inflorescence formation is. not
under the absolute control of a single chemical stimulus
but is controlled by interaction of numerous factors ..
Accordingly, a study was made of the effect on inflorescence
formation in vitro of various chemical and physical
factors, both in the presence and absence of PBA (5
or BA (5

~M)

~M).

CHEMICAL FACTORS:
Sucrose:

The sucrose concentration of media was varied

from 0 to 8 g per litre.

Tendrils did not grow into

inflorescences in the absence of sucrose.

The size of

inflorescences increased many-fold when the sucrose
concentration was raised from 1 to 2 per cent
A further increase in concentration of sucrose did not
produce concomitant increase in growth of inflorescences
but induced callusing of branches.

Inflorescences produced

in 8% sucrose were abnormally large and the high dry weight
was a consequence of intensive callusing of inflorescence
axes (Fig. 16).
Casein hydrolysate:

Inflorescences did form in the

absence of casein hydrolysate (CH) but the size of the
inflorescence was considerably reduced (Fig. 16).
There was a marked increase in inflorescence size when the
concentration of CH was raised from 0.05 to 0.1 per cent.
Higher concentrations (0.3 to 0.4 per cent) were inhibitory.
CH was stimulatory only in the presence of BA and has no
independent effect on inflorescence formation.
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FIGURE 16

Effect of casein hydrolysate, sucrose, EDDHA and methionine on mean
dry weight of inflorescence formed by tendril explants.

Cultures were

grown in Nitsch's basal medium supplemented with 0.1 per cent casein
hydrolysate (except those cultures which involved casein hydrolysate
as a treatment), 2 per cent sucrose (except those cultures in which
sucrose was a variable) and 5

~M

BA.

Vertical bars represent LSD

values at 5 per cent level of significance.
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Methionine:

A low concentration of methionine did not

affect the BA-induced inflorescence formation from tendrils.
but high concentrations of methionine were generally found
inhibitory to branching and inflorescence formation (Fig.16).
EDDHA:

This chelating agent imparted a reddish coloration

to the medium, the intensity of which increased with
concentration.

A concentration of 10 to 20

~g/g

EDDHA

increased the dry weight of inflorescence (Fig. 16) but
lower or higher concentrations were less effective.
Growth retardants and inhibitors:
Addition of growth retardants to the basal medium did
not initiate branching or inflorescence formation on
tendrils.

Nevertheless, these compounds did promote

inflorescence formation in the presence of BA (5
both agar and liquid media.

~M)

in

Among the retardants,

chlormequat, daminozide and ancymidol showed more pronounced
effect (Fig. 17, Table 8 ).

Growth inhibitors such as

Maleic hydrazide (MH) and ethephon depressed the effect of BA.
Gibberellic acid:
tion (0.1

~M)

Gibberellic acid even at a low concentra-

inhibited inflorescence formation by isolated

tendrils but at a higher concentration (O.3

~M)

GA produced

unlimited branching of the tendril explants in the presence
of BA or PBA (10

~M).

However these branches were, unlike

inflorescences, wiry and translucent.
formed in PBA (lO

~M)

Inflorescences which

and which were then transferred to GA

produced similar disorganised structures but there was a
very large increase in dry weight (Fig. 17).
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FIGURE 17

Mean dry weight per inflorescence formed by excised tendril
in response to
gibberellin.

in vitro

growth retardants, components of media, auxins and
Tendril exp1ants were grown in Nitsch's medium

supplemented with 0.1 per cent casein hydrolysate, 2 per cent sucrose
and 5

~M

SA.
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TABLE 8
Effect of growth retardants on the percentage of conversion of
tendrils into inflorescences in vitro. Cultures were grown in
Nitsch's basal medium supplemented with 0.1 per cent casein
hydrolysate, 2 per cent sucrose and 5 ~M BA.

Concentration

Chlormequat

1

9

100

5

9

100

25

9

100

50

9

66

0.5

7

67

1.0

7

71

2.0

7

100

5.0

7

100

5

9

100

10

9

100

25

9

100

100

8

Ancymidol

Daminozide

~g/g

Number of
cultures evaluated

Percentage of
cultures producing
inflorescences

Retardants
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Auxins:

Auxins, IAA, BTOA, and 4-CPA, failed to initiate

branching of isolated tendrils and the only response
observed was formation of callus and rooting.
the presence of 5

~M

However, in

BA,auxins have increased the dry weight

of inflorescences similar to GA (Fig. 17).
Mineral medium:

Exclusion of vitamins from Nitsch basal

medium did not prevent the formation of inflorescences from
tendril.

However, in the presence of BA (5 pM) the

inflorescences produced in this depleted medium tended to
be small (Fig. 17).

Addition of vitamins and casein

hydrolysate to the medium doubled and quadrupled the size of
inflorescences.
PHYSICAL FACTORS:
Age of tendril:

The effect of age on the capacity of the

tendril to form flowers was investigated by sampling tendrils
at various nodes on shoots grown both in vitro and in vivo.
Tendrils isolated from the 4th and the 5th nodes of shoots
grown in vitro produced comparatively large inflorescences,
while those from nodes 1 and 2 remained small (Fig. 18).

By

contrast tendrils obtained from vines grown in the glasshouse,
tendrils from the first two nodes (counted from the apex) had
a greater tendency to form inflorescences than those from the
lower nodes.
Temperature:

Tendrils were made to grow into inflorescences

in vitro both at a high temperature (27°C) and at a low
temperature (20 0 C) but the size of inflorescences was
comparatively smaller in the low temperature than in a high
temperature.
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TABLE 9
Effect of age of tendril and light intensity on the
inflorescence formation by isolated tendrils. Cultures
were grown with Nitsch's basal medium supplemented with
0.1 per cent casein hydrolysate, 2 per cent sucrose and
5 ~M BA.

Treatment

A.

Number of
cultures evaluated

Light intensity (Wm- 2)
1

15

100

2

12

83

9

100

10

12

100

26

9

56

40

15

56

12

100

2

9

100

4

12

100

5

12

100

4.5

B.

Percentage of
cultures with
inflorescences

Age of tendril s *( noda 1
position from the apex)
1

*

produced in vitro on agar
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FIGURE 18
Influence of the age of tendrils, irradiance and darkness on the dry
weight of inflorescences formed in vitro by tendril explants.

Cultures

were growth with Nitsch's basal medium supplemented with 0.1 per cent
casein hydrolysate, 2 per cent sucrose and 5

~M

BA.

Vertical bars

represent LSD values at 5 per cent level of significance.
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Irradiance:

Shoot tips were cultured on Nitsch medium in

agar with differing light intensities and the tendrils
formed on these explants were excised and grown in liquid
medium.

The capacity of tendrils to form inflorescences

was increased when shoot tips were grown with an
2
irradiance of 10 wm- .

Tendrils which were formed at

2
higher light intensities (26-40 wm- ) developed only small
inflorescences (Fig. 18).
Dark:

Tendrils grew into inflorescences in complete darkness

both on agar and in liquid media (Plate 18a).

In agitated

liquid media, tendrils cultured in the dark formed larger
inflorescences than those cultivated in the light (Fig. 16).
Elevation of the sugar concentration to 3 per cent further
increased the dry weight of the dark-grown inflorescences.
This effect was the opposite to that obtained in the light,
where increasing the sugar concentration from 2 to 4 per cent
caused a reduction in the size of inflorescences (Fig. 16).
Inflorescences produced in the dark with 2 per cent sucrose
were dark-red;

light-red with 3 per cent sucrose and without

pigment in 4 per cent sucrose.

lihen dark-grown inflorescences

were exposed to light, all of them acquired a red coloration
within 3 to 4 days.
Inflorescence formation in different cultivars
All the experiments reported above were made with
young tendrils of the grape cultivar Muscat of Alexandria.
Further experiments were done with the grape cultivars
Sultana, Shiraz, Cabernet Sauvignon and Hepatikilo
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TABLE 10
Effect of sucrose, light and dark on the percentage of
inflorescence formation by isolated tendrils in liquid
medium of Nitsch. Cultures were supplemented with 0.1
per cent casein hydrolysate and 5 ~M BA

Treatment

Light

Dark

Sucrose
concentration

Number of
cultures evaluated

Percentage of
cultures with
inflorescences

1
2

g

3
4
5

9

67
100
100

9

83

9

6

9

67
67

8

9

67

2

7

3

8

4

7

100
100
100

(%)

9
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(syn. Wortley Hall).

Tendril explants of all the cultivars

were transformed into inflorescences by cultivation in vitro
with cytokinin.

However the size of inflorescences varied

with the cultivar.
Inflorescence formation by isolated tendrils of grapevine
seedlings
The tips of primary shoots of seedlings which had just
begun to produce tendrils (that is, after the production of
nine to fifteen nodes) were cultured on agar.

Young

tendrils were excised from cultured tips and were grown in
liquid culture with PBA (10 pM).

There was prolific

branching of the tendrils and formation of inflorescences.
These inflorescences were mostly red in colour.
Developmental anatomy of inflorescences and flowers
produced by isolated tendrils
Inflorescences:
The process of inflorescence formation in vitro is
similar to the process in vivo (Chapter 3).

In culture

the inflorescence arose by the extensive branching of
young tendrils (Plate 17d).

In the intact vine the

primordial inflorescences arise by repeated branching of
the anlage (Plates 3 and 4, Chapter 3).

In the cultured

tendrils, however, each branch was subtended by a large
overgrown bract (Plate 17d).

Branches were usually

pale green but the bracts were red.
bracts developed into leaves.

In some instances the

After a period of profuse

branching by isolated tendrils, groups of three to five
flowers began to appear in the explants.
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Flowers:
The course of development of flowers produced by
tendril explants resembled that of flowers of normallygrown vines. The flower buds which developed from tendril
explants grown in media containing BA or PBA formed calyx
and corolla (calyptra)

(Plate l7c), but androecium and

gynoecium remained rudimentary.

Subculture of these under-

developed inflorescences onto various basal media (Murashige
and Skoog, 1962;

Nitsch et al., 1968;

White, 1943),

supplemented with a single cytokinin, failed to induce
further growth of the androecium and gynoecium.

However,

when partly formed flowers or tendrils were grown with a
sequence of cytokinins there was considerable further
development of flower parts.

For example, a small

inflorescence was formed with ZR (10

~M).

If the medium

was renewed after three weeks and then supplemented with
PBA (5

~M)

as well as ZR (10

~M)

it was found that stamens

and pistils were also produced (Plate 17e, f).
In other flowers, all organs of the flower (calyx,
corolla, stamens and pistil) developed simultaneously.

So

far, the anthers and ovules produced by the flowers induced
on cultured tendrils have remained empty and no evidence
has been obtained of microspore or megaspore production
in vitro.
Shoot and root formation from inflorescences developed by
isolated tendrils
Earlier (p.120) it has been shown that the growth
of inflorescence from tendrils could be sustained by direct
feeding of tendril tips with BA or PBA (5 to 10

~M)

by use
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of cotton wool.

When branches formed by this treatment

were fed with higher concentrations of cytokinin PBA
(20 to 50

~M)

some or all the branches of inflorescences

grew into shoots (Plate 18b).

Growth of shoots was rapid

if the feeding solution contained PBA as well as sucrose
(5 to 8 per cent).
Root formation was also observed on many inflorescences
grown in liquid medium, particularly if inflorescences were
left too long (>15 weeks) in the same culture medium without
replenishing or by the addition of IAA (>1 pg/g) .
Inflorescence formation by isolated tendrils of grapevine
seedlings
The tips of primary shoots of seedlings which had just
begun to produce tendrils (that is, after production of
nine to fifteen nodes) were cultured on agar.

Young

tendrils were excised from cultured tips and were grown in
liquid culture with the same procedures as used for explants
from the cultivars.

When these seedling tendrils were

cultivated for three to four weeks with PBA (10

~M)

there

was prolific branching of the tendrils and formation of
inflorescences.

These inflorescences were mostly red in

colour.

DISCUSSION
Flower induction and development in response to
exogenous cytokinins has been observed in a few herbaceous
plants (see Chapter 2, p. 35

for references).

There is

a marked increase in cytokinin activity in the ascending
xylem sap during bud burst in some woody perennials (Nitsch
and Nitsch 1965; Luckwill and Whyte, 1972;

Hewett and Wareing,
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PLATE 18

Formation of inflorescences and shoots by tendrils in vitro

a.

Formation of an inflorescence (I) from a tendril in dark, by
direct application of 5 to 10

~M

BA on tips of tendril explant

growing on agar.

b.

Shoot (S) formation from an inflorescence (derived from a
tendril)

by direct application of a high dose of BA

to the inflorescence.

(~20 ~M)

The culture was grown on agar.

formation of roots from the base of the inflorescence.
branches (BP) of the inflorescence did not form shoots.

Note the
Some

on

e

q

•

x

<•

•

•

d9-
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1974;

Skene, 1975) but direct involvement of cytokinins in

inflorescence formation has not been reported.

In the

present experiment, inflorescences and flowers have been
made to grow on young grapevine tendrils by treatment with
cytokinins.
Morphologically, the grapevine inflorescence is a
system of branches (Rickett, 1944), and it is clear that
cytokinins are involved in the control of branching.
Additional evidence of a relationship between branching of
meristems and formation of infloresences in response to
cytokinins is to be found in herbaceous species (Skoog, 1971).
In Chenopodium rubrurn, a short-day plant, the appearance
of flowers is preceded by profuse branching of the stern
apex.

With sub-optimal conditions for induction there is

production of branches but flowers are not formed (Krekule
and Horavka, 1972).

In grapes, it is noteworthy that low

concentrations of BA and PBA caused branching of isolated
tendrils but that formation of flowers required exogenous
cytokinins at a concentration of 5 to 10

~M.

In Carex spp.,

application of BA caused changes in the pattern of growth of
inflorescence;

determinate branching was replaced by

indeterminate branching (Smith, 1969).

A similar response

to exogenous cytokinins was found in our cultures of the
grapevine, wherein cytokinin induced profuse lateral
branching of tendrils which have been defined as determinate
shoots (Tucker and Hoefert, 1968).

These observations,

in which the formation of the inflorescence is
closely associated with lateral branching, indicate
that the mechanism of flower formation involves a weakening
of apical dominance in the tendril.

The role of cytokinin

and of other growth substances in controlling apical
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dominance is well known (see Phillips, 1975) .

Effects of

cytokinin on flowering in grapes are consistent with the
view of Zeevaart (1976) that flowering in woody
perennials is governed by the response of apices to an
interaction of growth substances, rather than by response
to a specific florigen.
Morphogenetic effects of ZR and PBA in the
grapevine have been indicated previously and include
promotion of flower growth in vitro (Pool, 1975) and
development of pistils by staminate flowers
Olmo, 1972).

(Negi and

ZR is the main cytokinin of the xylem

sap of the grapevine (Skene, 1972).

The requirement for

both ZR and PBA for production of inflorescences and
flowers in cultured tendrils is difficult to interpret.
However, the importance of multiple forms of cytokinins
in the control of growth and development has been
emphasised by some workers (see Hall, 1973).
The formation of inflorescences from tendrils required
the application of cytokinins directly to the apices of
tendrils rather than into the agar.

Mullins (1967)

obtained analogous effect of cytokinin PBA with the young
inflorescences in grapevine cuttings.

He found a rapid

elongation of rachii when PBA was applied to inflorescences,
but this cytokinin was without effect on inflorescence
growth when applied to the bases of dormant cuttings.

He

suggested that PBA may be poorly translocated in vines.
This local effect of PBA on inflorescence formation will
be examined further in intact plants in Chapter 8.
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The capacity of field-grown tendrils to form
inflorescences in vitro declined with age (Fig. 18).
This is in accordance with the work of Skoog (1971)
who reported that cytokinin is active only in meristematic
apices.

Tucker and Hoefert (1968) also found an

inactivation of tendril apices when tendrils reach
7-10 rom in length.

However the tendrils obtained from

the shoot explants cultured in vitro remained active for a
long time (Fig. 18).

This may probably be due to improved

nutrition and the limited growth of shoots under in vitro
conditions.
Cytokinin has transformed tendrils into inflorescences
even in the dark.

This observation is consistent with the

work of Oota (1965) who reported that the kinetin-induced
flower formation in the SDP Chenopodium rubrum could occur
in the dark.

Later Sawhney and cummings (1975) showed that

the function of light is the production of hormones and
energy substances.

If these were provided to Chenopodium

flowering could be induced under continuous darkness.
It has been shown here that cytokinins can convert
tendrils into inflorescences and that this takes place
with Nitsch
source.

et al.

(1968) minerals and sucrose as carbon

However, the growth of inflorescences was increased

several-fold by the addition of casein hydrolysate.

Casein

hydrolysate has been found to accentuate the effect of
cocunut milk (a natural source of cytokinin) in the growth
of carrot explants (Steward and Degani, 1969) and it also
promoted inflorescence development in Carex (Smith, 1969).
The growth retardant, chlormequat did not cause the
excised tendrils to form inflorescences as was found in intact
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plants (Chapter 6).

Nevertheless, chlormequat enhanced

the effect of cytokinin in converting the cultured tendrils
into inflorescences in a manner similar to the situ-ation
in intact plants.

It seems that the influence of Chlormequat

on flower formation in vines is a consequence of suppression
of vegetative growth (Coombe, 1967, 1970)
specific effect on the tendril apices.

rather than a

Other growth

,

regardants, daminozide and ancymidol also improved the
effect of cytokinin, but they have no individual effect by
themselves as was found in intact plants of apples --(Tromp,

1972).

grapevines

(Weaver, 1975) and of ornamental

species (Cathey, 1975).
Ethephon was generally inhibitory to inflorescence
formation in vitro similar to inflorescence formation in
intact grapevines (Weaver and Pool, 1971).

~he

synergistic

effect of cytokinin and EDDHA (a chelating agent) in
inflorescence formation in vitro is identical with the
results obtained in Lemna and Wolfia (Bhalla et al., 1973).
This has been explained by Bhalla et al.

(1973) as due to

an improvement in the permeability of cell membranes.
Somatic embryogenesis and plantlet formation from
unfertilized ovules of grapes (Mullins and Srinivasan,

1976), shoot differentiation from anthers (Hirabayashi et
al., 1976) and shoot-bud formation from leaf discs (Favre,

1977) have recently been reported in grapes.

However, the

shoot formation from tendril-derived inflorescences is of
special physiological significance because it was a
reversion from the reproductive stage to the vegetative
stage.

Moreover, this morphogenetic shift was brought out
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by cytokinin itself, at a higher concentration

(~

20

~M).

In tobacco also low concentrations of kinetin favoured
flower formation whereas a high concentration induced
shoot-bud formation in vitro, regardless of the auxin
concentration (Hillson and Lamotte, 1977).
Abnormalities such as multiple lobes on calyx
and calyptra, open ovules and short styles which were
found in grape flowers in response to PBA, have also been
reported in cytokinin-treated plants of Browallia demissa
(Gariapathy, 1969) and many ornamental species (Jeffcoat, 1977).
The absence of micro- and mega-sporogenesis in flowers formed
in vitro suggests that factors other than cytokinins, minerals
and sucrose are necessary for these processes.

Empty ovules

lacking an egg apparatus have been reported previously in
grape flowers grown in vitro with ZR (Pool, 1975) but pistil
development was promoted by PBA in staminate flowers in
intact plants (Negi and Olmo, 1972).

It seems that factors

which trigger meiosis in mitotic cells are available in
intact plants but lacking in the tissue culture media used
for our explants.

This will be examined further in Chapter 8.

The results of the present experiment confirm our
earlier conception that the grapevine tendril is a weakly
differentiated inflorescence (Srinivasan and Mullins, 1976).
Accordingly, the appearance of the first tendril on a grape
seedling is a manifestation of phase change;

that is, the

transition from the juvenile non-flowering stage to the adult
flowering condition and not merely a change in form associated
with the acquisition of a climbing habit (Pratt, 1974).
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CHAPTER 8

FORMATION OF INFLORESCENCES AND FRUITS BY TENDRILS
in vivo

INTRODUCTION
It is evident from the results presented in Chapter 7
that isolated tendrils can be made to branch profusely and
to form inflorescences in vitro.

Whether this cytokinin-

directed inflorescence formation reflects the real situation
in the intact plant or whether it is merely a pharmacologicaleffect of synthetic growth regulators in vitro remains to be
verified.

Therefore, the present research investigates

the possibility of converting the tendrils of intact plants
into inflorescences.

MATERIALS AND METHODS
Four-node cuttings of cv. Muscat of Alexandria were
propagated as described before (Chapter 3).

The plants

were grown in controlled environment cabinets (27°C days22°C nights, 16h day).

The light intensity in the cabinet

varied from 34 Wm-2 at the level of basal leaves to 45 Wm-2
near the shoot tip.

Each plant was supplied with 500 ml of

full strength Hoagland solution at weekly intervals.
Growth regulator treatments were applied either to
apices or to whole plants when the plants had produced 10
to 20 unfolded leaves.

The cytokinin, PBA was dissolved

in 5 per cent isopropanol and chlormequat was applied as
an aqueous solution.
the wetting agent.

Tween 20 (0.1 per cent) was added as
There were 6 to 9 replicates in each
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treatment.

Scanning electron microscopy was used to study

the developmental stages of inflorescence formation from
tendrils.

RESULTS
(1)

Intact Plants
Treatment of whole plants with 200

~M

PBA at the 10- to

l5-leaf-stage did not result in the transformation of
tendrils into inflorescences.

However, newly-formed tendrils

did produce a few flower buds which subsequently shrivelled
and died.
(2)

Effect of decapitation and disbudding
Shoots were grown to produce 10 unfolded leaves and

then decapitated to leave 6 mature leaves.

Lateral shoots,

young leaves, latent buds and shoot tips were removed so
that plants retained only 6 mature leaves and two lateral
shoots borne in the axils of the 5th and 6th leaves.

These

two lateral shoots grew rapidly but the tendrils which
appeared on them did not develop into inflorescences.
(3)

Effect of decapitation and disbudding combined with
application of PBA
In another set of experiments, plants were decapitated

and disbudded as before and the apices of the lateral
shoots were treated daily for 20 days with 10-20
200

~M

PBA.

~l

of

The tendrils which had just appeared at the

time of the first treatment subsequently produced a few
flower buds, but transformation of these tendrils into
inflorescences was incomplete.

The tendrils which separated

from the lateral shoot apices after the commencement of
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t~eatment

did grow into inflorescences.

These inflorescences

developed rapidly if the PBA treatment was continued for
10-15 days and if the shoot tip above the position of the
inflorescence was removed.
(4)

Effect of number of leaves
Subsequent to the above observations, plants were grown

to various stages and were then decapitated to retain 1-15
fully expanded leaves.

One to three lateral shoots were

also left in the axils of the top 1 to 3 leaves.

The apices

of these lateral shoots were treated daily with PBA as
described before.

The size of the inflorescences and grape

bunches formed as a result of this treatment increased
progressively with leaf number (Plate 20A, C;

Plate 21A, B).

Results in Table 11 show that inflorescences are
initiated on tendrils 13 to 20 days after the beginning of
PBA treatment.

The number of days needed to initiate flower

formation on tendrils did not appear to depend on the number
of leaves on the plant.

Similarly the number of days elapsed

between initiation and anthesis was also little affected by
the number of leaves retained.

Percentage fruitset was

considerably increased when the number of leaves was increased
from 1 to 4, but fruitset (per cent) was decreased in the
plants bearing 12 to 15 leaves.
The number of flowers and fruits and the weight of
fruits increased with increasing leaf number and leaf area
(Fig.19).

There is a highly significant positive

correlation bebleen the number of leaves and the number
of flowers and the weight of fruits (Fig. 20).

Similar

relationships were also found between the leaf area and
the

n~~er

of flowers (r

= 0.973)

and the weight of fruits

------

----------------------

TABLE 11
Effect of number of leaves on flower and fruit formation by tendrils
of lateral shoots*
Number of leaves per plant
Particulars

LSD
P = 0.05

1

2

4

6

12

15

Number of days for inflorescence
formation by tendrils

15.3

20.0

13.6

18.0

13.0

14.3

3.89

Number of days for anthesis
from inflorescence initiation

28.4

31.7

34.7

27.0

22.1

30.2

4.82

Fruitset per cent

48.7

59.2

58.1

75.6

47.9

42.7

6.6

8.6

8.2

14.1

17.0

16.5

Total soluble solids as °Brix

1.41

*Mean of six replicates.
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FIGURE 19

Effects of number of leaves on a plant on the leaf area, number of
flowers per inflorescence, number of fruits and weight of fruits per
plant.

Each plant bore a b.unch whi ch was developed from a tendrH

treated with PBA (200

~M)

drops.
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(r

= 0.991)

(Fig. 21).

The size of fruits and sugar content

(OBrix) also increased markedly with leaf number (Table 11).
One to three seeds with well developed embryos were found
in most fruits.

Dry weights of leaves, stem and roots also

increased with every increase in leaf number (Fig. 22).
(5)

Source of tendrils
All the experiments reported above were made with the

apices of lateral shoots.

In later work the tendrils

produced by the primary shoots and the latent buds \yere also
used as experimental materials.
(a)

Tendrils of the primary shoot

Tendrils which arose from primary shoot apices were
quick growing and less responsive to cytokinin than those
from the apices of the lateral shoot (Table 12).

Flowers

were formed on the tendrils in three distinct groups;

one

group at the tip of the tendril, and the other two groups
just below the apex (Plate 20B).
(b)

Tendrils of latent buds

If a grapevine shoot is decapitated and the lateral
shoots are also removed, the so-called latent buds grow
out prematurely.

The anlagen formed in shoots developed

from the prematurely-burst latent buds develop only into
tendrils.

When applied to the surface of latent buds in

the axils of the top-most leaves PBA caused the latent buds
to grow out, that is, to produce a shoot in the season
of their formation.

If the PBA treatment was continued

the tendrils formed from the latent bud apices grew into welldeveloped inflorescences.

Unlike the inflorescences produced

by the tendrils of primary shoot inflorescences formed from

TABLE 12
Flowering and fruiting by tendrils of primary shoots, lateral shoots and latent buds, treated with PBA (200 ]JM)
Plants had 12 fully expanded leaves*
Total soluble
Wt of
Time for anthesis from No. of flowers Fruitset No. of
Time for inflorescence
solids as
fruits
per cent fruits
formation from treatment inflorescence formation per
°Brix
per
bunch
per
bunch
i
nfl
orescence
(days)
(days)
38.2

40.9

10.8

47.9

88.0

114.1

17.0

219.7

42.3

92.8

124.0

18.0

7.6

3.8

6.5

9.3

1.8

1. Primary shoot

27.0

29.2

55.2

2. Lateral shoot

13.0

22.1

183.7

3, Latent bud

19.5

29.0

LSD(5%)

4.3

69.2

*Mean of six replicates.
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F.IGURE 20

Correlation between the number of leaves and the number of flowers or
the weight of fruits in plants which bore bunches of grapes derived
from tendrils treated with PBA (200

~M)

drops.
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shoot tendrils had a normal conical shape (Plate 20D) and
produced medium-sized grape bunches (Plate 2lC Table 12).
(6)

Effect of chlormequat
Chlormequat (2.4 roM) was applied as a whole plant

spray.

The experimen"t:al plants bore 11-12 leaves at the

time of treatment.

After a period of 4

~leeks,

the

chlormequat-treated plants were decapitated and partially
disbudded.

Only two prompt bourgeon or lateral shoots were

retained, that is, those in the axils of the 11th and the
12th leaves.

Application of 20 pI drops of PBA (200

pM) to

the apices of the lateral shoots were made daily for 21 days.
This treatment caused the newly-emerging tendrils to form
inflorescences.
FlO\~E;lr

initiation on tendrils in plants treated with

chlormequat follO\yed by PBA, was
treated with PBA alone.

slO\~er

than in plants

However fruitset (per cent) was

higher in plants treated with both chlormequat and PBA than
in plants treated with PBA (Table 13, Plate 2lD)
(7)

Developmental morphology of inflorescence formation
from tendrils
The first sign of inflorescence formation in treated

tendrils was a broadening of the tendril apex.
treated tendrils developed large
defined guard cells (Plate 19a).

nuw~er

The PBA-

of stomates with well-

Seven to fifteen days after

the commencement of treatment the apices of tendrils produced
several branches (Plate 19 b, c).

These are equivalent to

the branch primordia of normal inflorescences (Chapter 3,
Plate 4).

Later, flower buds began to form in groups.

After

this initial branching, formation of flowers on tendrils
proceeded in the same manner as in the normal inflorescences
(Plate 19d).
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FIGURE 21

Correlation between -the leaf area and the number of flowers per
inflorescence or the weight of fruits per bunch in plants
which-bore bunches developed from the PBA (200

~M)-treated

tendrils.
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TABLE 13
Effect of whole plant sprays of chlormequat (2.4 mM) and treatment of lateral shoot apices with
PBA (200 pM) on flower and fruit formation by tendrils.* Plants had 12 mature leaves

Time for anthesis from No. of flowers Frui tset No. of
Time for inflorescence
Wt. of
Total soluble
per cent fruits
fruits
formation from treatment inflorescence formation per
solids as
(days)
(days)
inflorescence
per bunch per bunch °Brix
(g)

Chlormequat + PBA

21

32.6

119.4

65.8

78.6

114.2

15.8

PBA alone

13

22.1

183

47.9

88.0

114.1

17.8

8.3

4.3

LSD (5%)

6.46

8.97

6.1

*Mean of six replicates.
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PLATE 19

Scanning electron micrographs (except d and e) of inflorescence
and flower formation by tendrils which were treated with PBA
(200 ).1M) drops
a.

A tendril tip three days after the commencement of PBA treatment.
Note a large number of stomates.

b.

Branching of a tendril a week after PBA treatment.

c.

Formation of several branch primordia (BP) by a tendril two weeks
after PBA treatment

d.

A fully developed grape inflorescence (just before anthesis)
derived from a tendril.

e.

Formation of cleistogamous flowers (CG) caused by the prolonged
treatment of flowers with PBA

I

Normal flowers (N) were developed

when PBA treatments were stopped at flower initiation.

Note

the persistent calyptrae in the cleistogamous flowers.

f.

Fused flowers caused by the prolonged treatment of PBA.

Note

a large number of callus-like free cells at the free ends of
calices (c) and calyptrae (CA).

g.

Stamens in a fused flower.

h.

Fusion of ovary in a fused flower.

a

•

61

3l.V1d

156

(8)

Effect of PBA on flower structures
When the application of PBA to tendrils was continued

until after the stage of flower initiation the separation
of some flower initials was incomplete.
the formation of fused flowers (Plate

This resulted in
19f

).

There

was an extensive proliferation of callus-like cells on
the free ends of the sepals and the interlocking cells of
the calyptra (Plate

19f).

In the fused flowers, only

the calyx, calyptrae and the ovary walls were fused but
the stamens and ovules were free (Plate 199, h).
When PBA drops were applied to fully formed flowers,
cleistogamous pollination occurred.
not

The calyptrae did

abscind in these flowers but persisted for up to

four weeks after anthesis.
for several weeks.

The stamens also persisted

Interestingly, in some flowers the

calyptrae opened from the top rather than from the base.
The PBA-treated pistils were larger and darker green
in colour than normal flowers (Plate 1ge).

DISCUSSION
It was shown in Chapter 7 that treatment of excised
tendrils with cytokinin leads to the formation of .
inflorescences in vitro.

It has been shown here that

cytokinins cause the transformation of tendrils into
inflorescences in partially-defoliated plants and that
these inflorescences produce normal flowers and fruits
(Plates

20, 21).

These results indicate the fundamental

importance of cytokinin in the control of flowering and
fruiting in the grapevine.

Exogenous cytokinins (BA or
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FIGURE 22

Changes in the dry weight of leaves, stem and roots in relation to the
number of leaves per plant.
developed from a PBA (200

Each plant bore a bunch of grapes which

~M)~treated

tendril
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PBA) have been shown to promote the growth of young
inflorescences (Mullins, 1967, 1968), to induce or promote
pistil development (Negi and Olmo, 1966, Pool, 1975) and
to increase fruitset (weaver et al., 1965) in grapevine.
In the present study repeated treatment of tendril apices
with cytokinin (PBA) caused not only inflorescence formation
but also the train of events leading to the formation of
ripe fruits and well-developed seeds.
The response of tendrils to cytokinin depends on the
method of application.

The spraying of whole plants with

cytokinin did not lead to inflorescence formation by
tendrils but frequent application of low concentrations of
PBA to the apices of tendril caused a rapid conversion of
the tendrils into inflorescences both in vivo and in vitro
(Chapter 7).

Such localised effects of cytokinin in

flowering have also been observed in Bougainvillea (Tse
et al., 1974) and in tomato (Kinet, 1977).

It appears that

a continuous influx of cytokinins at low concentrations is
required for flowering in grapevine.
Cytokinin induced all young tendrils to form
inflorescences regardless of their site of origin, that is,
primary shoots, lateral shoots and latent buds.

This

observation, together with results of studies in vitro
confirms that tendrils and inflorescences are homologous
organs in grapes.
The mechanism by which cytokinin mediates the conversion
of tendrils into inflorescences is not known.
might be explained in terms of sink:source

However it

relationships.

There is evidence that cytpkinin-treated fruit clusters,
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PLATE 20

Inflorescences formed by tendrils of the primary shoots,
lateral shoots and latent buds following PBA treatment, in
relation to number of leaves left on plant

A.

Formation of a small inflorescence by a tendril of lateral
shoot in the presence of single leaf.

B.

An inflorescence which has developed from a tendril
of the primary shoot. There are 6 leaves on the plant.

C.

A plant bearing an inflorescence developed from a tendril of the
la tera 1 shoot..

D.

The plant has 6 leaves.

Formation of two inflorescences by tendrils of latent
buds which were made to groll in the current season by PBA treatment.
There are 12 leaves on the plant.
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leaves,

shoots and roots of grapevines attract more 14c

assimilates than untreated organs (Shindy, 1969;
and Weaver, 1967, 1970;
et al., 1973).

Weaver et al., 1969;

Shindy

Shindy

In studies with Bougainvillea/Tse et al.

(1974) demonstrated that PBA-treated shoot tips accumulated

more 14C assimilates than control shoots and that
accumulation of assimilates was followed by inflorescence
formation.
Grapevine tendrils are very weak sinks as compared
with shoot tips and young leaves (Hale and Weaver, 1962).
Treatment of tendrils with cytokinins, combined with
removal of competing sinks such as young leaves and shoot
tips is likely to have improved the sink capacity or
strength of tendrils and thereby provided conditions
conducive to inflorescence formation.
explanation is as follows:

An alternative

gibberellins are inhibitory

to inflorescence formation (Alleweldt, 1961;
p.30).

Chapter 6,

Young leaves (Jones and Phillips, 1966) and tendrils

(Monankov, 1976) are reported to be sites of gibberellin
synthesis.

Removal of young leaves by decapitation and

application of chlormequat could both have lowered the
gibberellin levels.

A low level of gibberellin cOmbined

with an enhanced cytokinin level could well be predisposing
factors for flower formation in grapevine tendrils.
The number of leaves and leaf area of the plant did
not seem to affect the initiation of inflorescences.
However the number of flowers and weight of fruits were
positively correlated with the number and the area of
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PLATE 21

Formation of bunches of grapes by inflorescences derived
from tendrils which were treated with PBA (200 ~M) drops

A.

Development of a small bunch on the primary shoot which has
only two leaves.

B.

A plant with two bunches which were derived from tendrils
of lateral shoots.

c.

A moderate-sized bunch (160 g) developed from a tendril of
a latent bud.

D.

The plant was grown in a 2 1 plastic container.

A compact bunch developed from a tendril of a lateral shoot.
The plant was sprayed with ch10rmequat (2.4 mM) and the tendril
was treated with PBA (200

~M)

drops.
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leaves on the plant.

This may have been due to the depend-

ence of flowers and fruits on assimilate supply from leaves
(Buttrose, 1966;

May et al., 1969).

Cytokinins are strong inhibitors of cell separation
in cultured cells (Halperin, 1971;
1973).

Halperin and Minacho,

Such mechanism could have operated in the formation

of fused flowers observed in this study and also in the
flowers developed in vitro (Chapter 7).

Moreover,

cytokinins are antisenescence factors (Hall, 1973;
1975).

Skene,

Cleistogamous pollination and persistent calyptrae,

stamens and stigmata in PBA-treated flowers (Plate 19)
are possibly an expression of delay of senescence by
cytokinin.
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CHAPTER 9

GENERAL DISCUSSION

ROLE OF ENVIRONMENT IN THE FLOWERING OF GRAPEVINES

The time-scale of external environmental influences
upon trees and vines is very long and the past continues
to have effect on and to be integrated with the present
(Romberger and Gregory, 1974).

In the grapevine,

inflorescence and flower formation, for example, eQbraces all
four seasons of the year.

At least one developmental stage

of the inflorescence occurs in each season.

Anlagen are

initiated in' latent buds during late spring and early summer:
inflorescence primordia are formed in late summer and autumn:
inflorescence primordia are present during winter in dormant
latent buds and inflorescence primordia differentiate to
give rise to flowers in spring (Barnard and Thomas, 1933:
May 1964) .
In such an extended process of flowering, the climatic
factors which have a profound influence are temperature
and light (Buttrose, 1974).

There are 12 distinct stages in

the development of inflorescences and flowers in grapes
(Chapter 3, Plates 2, 3, 4, 5).

The stages 0-4 or perhaps

0-5 develop in a relatively short time and are not precisely
controlled by climatic factors, but stages 6 and 7
(inflorescence primordia) are subject to control by the
environment.

The final stages of flowering, viz. stages

8-11 (flower formation), are also dependent upon the
environment to a certain extent (May, 1964:

Buttrose and

164
Hale, 1973).

A high temperature promotes inflorescence

primordia formation in most grapevines (Buttrose, 1974;
thesis Chapter 4).

However, inflorescence primordia were

formed even in low temperatures «20°C) if the plants are
maintained for a sufficiently long time (Buttrose, 1969).
Butrrose suggested that the effect of low temperature is due
both to a delay in induction and to a reduced level of
induction.

Light intensity is also positively related to

fruitfulness of latent buds (May, 1965;

Buttrose,1969).

However the mechanism by which temperature and light exert
their influence on inflorescence formation in grapevine
is not clear.
One of the ways by which temperature influences the
plant growth and development is through the modification of
synthesis and accumulation of photosynthates (Bannister, 1976).
The optimum range of temperature and light intensity for
maximum photosynthesis in vine leaves and for dry matter
accumulation in several cultivars are respectively 25-30°C
and 2500-3600 ft.c (Kriedeman, 1968;
et al., 1972).

Buttrose, 1968, Kliewer

This corresponds with the increased fruitful-

ness of buds in this range of temperatures (Chapter 3, Fig. 4)
and light intensities (Buttrose, 1969).

However, no attempt

was made by Buttrose or by other earlier workers to relate
fruitfulness to assimilate accumulation in situ in latent
buds.
.

v~nes

In the present research exposure of leaves or whole
14
14
to
CO 2 , and subsequent measurement of total
C

activity in latent buds showed a positive correlation with
fruitfulness (Chapter 3, Fig. 5).

Fruitful buds grown in 30°C

contained a higher l4c activity than the unfruitful buds of
plants grown in 18°C.
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It seems that the discovery of photoperiodism has
preoccupied plant physiologists to such an extent that
many workers appear to have forgotten that photosynthesis
is inseparable

from photoperiodism.

Nevertheless, it is

now recognized that photosynthesis is an essential
component of flower induction and evocation (Kinet et al.,
1974;

Purohit and Tregunna, 1974;

Bodson et al., 1977)

and results obtained with the grapevine are in accord with
this view.

Excised grapevine tendrils were transformed

into inflorescences both in dark and light only in the
presence of an adequate amount of sucrose
(Chapter 7, Figs.16,18).

(2~4

per cent)

Tendrils formed in an optimum

2
light intensity for growth (10 wm- ) produced large
inflorescences in vitro (Chapter 7, Fig.18).

Numbers

of flowers and the numbers and weights of fruits formed
from tendrils of partially defoliated grapevines were
positively correlated with leaf number and leaf area
(Chapter 8, Figs.20,21).

Flowering in vitro of several

photoperiodically sensitive plants requires an ample
supply of sucrose (Aghion Prat,
1970;

1965;

Nitsch et al.,

Deltour, 1970).
Given that photosynthesis plays an equally important

role in inflorescence formation in the grapevine as in
the flowering of other plants, the question arises as to
where,in latent buds,do the photosynthetic products
accumulate.

By use of a histochemical test it was

demonstrated that starch accumulates in the diaphragm cells
of latent buds during inflorescence formation.

Moreover,

the presence of comparatively large numbers of amy lop lasts
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was also observed in electron micrographs of apical cells
of latent buds just before inflorescence initiation (Chapter
5, Plate 13 ).

CELLULAR EVENTS DURING INFLORESCENCE FORMATION IN
GRAPEVINESI
Temperature and light may create or modify the internal
milieu for flower formation, but the ultimate floral
"trigger" acts at a cellular level.

A rise in DNA content

and substantial incorporation of 32p into both DNA and RNA
fractions of latent buds have been reported during
inflorescence initiation (anlage formation)
cultivars (Madhava Rao and Srinivasan, 1971;
et al., 1974).

in grape
Srinivasan

Fluorimetric determinations of DNA levels

in the nuclei of cells of latent bud apices also showed
a large proportion of 2C-nuclei in the groups of cells
involved in anlagen formation as well as in the cells of
anlagen already separated from the apex (Chapter 4, Fig.7) •
. These observations are indicative of a rapid mitotic turnover during these particular stages of inflorescence
formation.
Intense activity of acid phosphatase and peroxidase
has also been localised in situ in these cells (PP.76-86).
High levels of activity of these enzymes seem to be
associated with the metabolic processes which precede cell
division and accompany differentiation (Riding and Gifford,
1973).

Similar evidence of these relationships has also

been reported in a few plants (see Chapter 2 for references).
Nevertheless the specificity of these changes with
respect to flowering is not clear.

Miller and Lyndon (1977)
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suggested that cellular

changes in apices may not

necessarily be directly concerned with the subsequent

....

transformation of a meristem into a flower, but may
perhaps be related more closely to the direct effect of
inductive treatments or to the changes in growth rates
in the apex which usually, but not always, accompany
flowering.
The involvement of specific gene activation has been
proposed by a few workers.

Wellensiek (1977) believes

that flowering results from the "deblocking" of "flower-forming
gepes".

Brinks (1962)"Brinks et al.

(1968) and Sussex (1976)

also put forward similar hypotheses.

Evidence for

"specific-gene-activation" hypothesis comes from the
recent work of Wardell (1976, 1977) who found a large
increase in DNA, particularly a rapidly renaturing DNA
species in flowering tobacco plants (day-neutral) as
compared with vegetative plants.

He showed further that

the purified fraction of the "rapidly renaturing DNA
species" from stems of flowering plants induced flowering
when applied to the vegetative plants.

POSITIONAL EFFECT OF MERISTEMS ON FLOWERING
The potential of a meristem to form inflorescences
is determined, to a large extent, by its position on the
axis (McDaniel and Hsu, 1976).
directly on main

Anlagen, which arise

and lateral shoots of grapevines do not

form inflorescences but mostly, if not invariably, remain
as tendrils (Chapter 2, Fig. l ).

By contrast anlagen which

are initiated in the latent buds give rise mostly to
inflorescences (Chapter 3, Plates 2-4).
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That anlagen and young tendrils formed on main and
lateral shoots have the potential to form inflorescences
has been proved in experiments with isolated apices and
tendrils (Chapter 7).

In the intact plants, however, the

potential of these anlagen for inflorescence formation is
not expressed due to inhibitory influences related to their
position.

According to McDaniel and Hsu (1976) and Phillips

(1975) the effects of position on the stem on the growth of
meristems are controlled by plant hormones.

This supposition

is supported by the fact that when anlagen and young tendrils
are freed from correlative inhibibion they are induced to
form flowers and fruits by treatment with exogenous growth
substances or by excision and cultivation in vitro with
appropriate hormonal milieu (Chapters 5, 6 and 7).

HORMONAL BASIS OF INFLORESCENCE INITIATION (ANLAGEN)
AND DE~LOPMENT IN G~PEVINES
Gibberellins promote anlage and tendril formation
(pp.91-95) but these processes are delayed or inhibited by
chlormequat - a growth regulator which is believed to
depress biosynthesis of endogenous GA (Harada and Lang,
1965;

Lang, 1970).

The roles of GA and chlormequat are

reversed in control of inflorescence development, that is
GA inhibits branching of anlagen and young tendrils to form
flowers in both intact plants and in vitro>and branching and
flower formation are promoted by chlormequat (Chapter 5;
Chapter 7). These observations establish beyond reasonable
doubt that gibberellins are involved in the formation of
anlagen (inflorescence initiation) and tendrils, but suggest
that some other regulator is needed for inflorescence
development.
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The rate of initiation of anlagen has been positively
correlated with the vigour and rate of growth of vines
(Lavee et al., 1967;
1970).

Alleweldt and Ilter, 1969;

Carolus,

Rapidly elongating shoots grown at high temperatures,

or shoots treated with GA, produced anlagen earlier and at
more proximal nodes than the control plants as well as those
treated with chlormequat (Chapter 6, p.9S).

Unlike the

situation with anlage initiation in vines there seems to
be an antagonism between the inflorescence development
(primordia formation) and the shoot growth in several fruit
,trees

(see Jackson and Sweet, 1972). In normal field-grown
•
vines, inflorescence primordia
. are invariably laid. down

.

only in (the shoot primordia of)

.

latent buds.

are characterised by slow rates of growth.

These buds

The fast-

growing lateral and primary shoots do form anlagen and
tendrils but they do not develop inflorescences (May 1964;
Rives, 1972).

When the vegetative growth of primary and

lateral shoots were reduced by chlormequat, there was
formation of inflorescences instead of tendrils (Chapter 6,
P 102).

Therefore it is clear that anlage initiation and

inflorescence development normally require different growth
conditions.
Results presented in this thesis show that gibberellins
are necessary for anlage initiation but no information is
available on quantities and kinds of endogenous gibberellins
involved.

In the grapevine gibberellins from xylem sap

and leaves haye been tentatively identified as GAl ' GA3
GAS and GA9 (Skene, 1967;

Golinka, 1973) but their specific

functions in vegetative growth and inflorescence formation
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are not known.

Despite the multiplicity of gibberellins

in plants little is known about their physiological
significance (Lang, 1970).
Unlike gibberellins and chlormequat, cytokinin has
no individual effect in promoting inflorescence formation
in intact grapevines.

Nevertheless, cytokinin had a

p~ofound influence on inflorescence formation from

incipient tendrils of the partially-defoliated vines and
from excised tendrils in vitro (Chapters 7 and 8).

It is

possible that the promotary effect of exogenous cytokinin on
inflorescence formation was suppressed in intact plants by
its interaction with endogenous hormones.

The interaction

of hormones as a, basis for differences in morphogenetic
expressions is known in many plants (e.g. Skoog, 1971;
Hall, 1973;

Mauseth, 1977).

The possibility that endogenous

GA could depress the cytokinin-induced inflorescence
development in intact plants emerged from the following
observations:

Application of cytokinins .to ,vines which were

previously treated with chlormequat induced the formation of
inflorescences from tendrils (Chapter 6).

This observation

together with the inhibition by GA of the cytokinin-directed
inflorescence formation both in vitro and in vivo (Chapters
6 and 7) suggest that GA-cytokinin interactions do occur in
vines.
The effect of exogenous gibberellins and cytokinins on
inflorescence formation reported here are likely to be
related to the normal functions of the endogenous counterparts, but the effect of chlormequat, a synthetic growth
regulator, which does not occur naturally is not so simple
to explain.

However the wide spectrum of effects caused by
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chlormequat

led Coombe (1967) to suggest that this chemical

could induce "far-reaching alterations in cell metabolism" in
grapevines.

In early reports

chlormequat was regarded as an

inhibitor of gibberellin biosynthesis (Lang, 1970).

There are

also a few reports that chlormequat increases cytokinin levels
in ascending sap of the grapevine (Skene, 1972;
Andanova, 1976).

Lilov and

Chlormequat induced alterations in the

pattern of growth and development of grapevines which are the
opposite of those induced by GA. At least some of the effects
of chlormequat such as the production of dark green leaves
inflorescence formation from tendrils,and increased fruitset in
grapes seem to mimic the effect of cytokinins (Coombe, 1967,
1970;

t'hesis

Chapters 5, 7 and 8;

Fig.23).

It follows that

chlormequat may have had a "dual role" in inflorescence
formation in the present experiments, viz.

the inhibition of

gibberellin synthesis and the increase in the level of
cytokinins.

However, validation of this "dual-role hypothesis"

is dependent upon the availability of information on changes in
the endogenous levels of cytokinins and gibberellins in
response ±o chlormequat treatment.
It is proposed that anlagen in Vitis vinifera L remain as
tendrils or develop as inflorescence depending on the
gibberellin:cytokinin balance.
in few other plants.

A similar situation is known

Axillary bud meristems of Bougainvillea

grew into spines in the presence of gibberellins but they formed
inflorescences with cytokinins (Tse et al., 1974).

In Opuntia

poly acantha GA favoured the formation of spines from apical
meristems but cytokinins promoted the formation of leaves and
buds (Mauseth, 1977).

Stolon development in Solanum

andigena

required high gibberellin and low cytokinin levels and vice
versa for leafy-shoot development (Kumar and Wareing, 1972).
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FIGURE 23

Control of inflorescence formation by individual and combined
treatments of cytokinin (PBA) and chlormequat in the grape
cv. f4uscat of Alexandria
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173
In botanical terminology a flower is a "determinate
sporogenous shoot that bears carpels" (Gifford and Corson,
1971;

Romberger and Gregory, 1974).

All flowers are mOdified

branches in various stages of condensation.

Sepals, petals,

stamens and carpels are modified leaves borne on a
condensed determinate.shoot axis (Rickett, 1944).

With

these definitions in mind, the roles of gibberellin and
cytokinin in flower formation are more readily apparent.
Gibberellin is essentially a stem factor (caulocaline) and
endogenous gibberellin levels are positively correlated
with stem elongation (Cleland and Zeevaart, 1970;
1971).

•

Zeevaart,

Cytokinin is a leaf factor (phyllocaline, Skoog,

1971) •
In the grapevine, anlagen and their branched
derivatives, the tendrils, are determinate shoot axes
(Tucker and Hoefert, 1968), the growth of which is
controlled by gibberellins.

The branching of these axes

and flower formation is controlled by cytokinins (Chapter 7 pp
l20~122;Srinivasan

and Mullins, 1978).

that an overdose of cytokinin ()20

~M

It is noteworthy
BA or PBA) induced

the reversion of inflorescences to leafy-shoots (Chapter 7
Plate 18 b) .When plants grown at low temperatures «21°C)
were treated with cytokinin and/or

chlormequat, a compound

which appears to promote cytokinin formation in grapes,
leafy-shoots were produced instead of tendrils in several
cases (Chapter 6 pp 107-ll).Production of the leaf-like
structures of grape flowers, that is, bracts, sepals,
petals, stamens and carpels was promoted by cytokinins
(ZR, PBA and BA) in vitro.
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NATURE OF FLORAL INDUCTION AND EVOCATION IN GRAPEVINE
Flowering is believed by some to be controlled by a
single substance, "florigen"

(see Evans, 1969), but other

workers have suggested that the floral stimulus consists
of two complementary components (Carr, 1967;
1968, 1977;

Evans, 1971).

Chailakhyan,

According to Thimann (1974)

flowering is merely a developmental process under the
control of the interplay of hormones.

Later Zeevaart

(1976) made a distinction between annual and perennial
plants by proposing that the requirement for a specific
balance of hormones for flower formation is readily
applicable to woody perennials but it is less attractive
as an hypothesis for control of flower formation in
herbaceous plants.

Recently Bernier et al.

(1977)

have presented evidence that the floral stimulus is a
multicomponent-factor and cytokinin is one of the
components.

Wallensiek (1977) also supported this concept.

After reviewing 40 years of work on the "hormonal concept
of flowering" Chailakhyan (1977) proposed that gibberellins
are involved in the formation and the growth of floral
stems or inflorescence axes.

This is consistent with the

situation in grapes where gibberellins are necessary for
the formation of inflorescence axes (initiation of anlagen)
and the growth of inflorescence axes (tendrils).
The appearance of tendrils is the first morphological
sign of phase change in grapevine seedlings (Rives, 1972).
It has been proved here that tendrils are inflorescenceaxes which can be converted into inflorescences (Chapters
7 and 8;

Srinivasan and Mullins, 1978).

Carr (1967)

suggested that two inductive stimuli could be involved in
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the flowering of plants, one is the "primary induction"
which is "contagiously propagated", while the other is
"secondary induction" which occurs locally.

Accordingly,

initiation of anlagen and formation of tendrils may be
an expression of the "primary induction" which is then
perpetuated in grape cultivars and the seedlings which
have begun to form tendrils.

However, grape cultivars

may require the production of a secondary stimulus every
year for the development of anlagen into inflorescences.
Results presented in this thesis together with the report
of high cytokinin activity in the ascending sap of
grapevine during bud burst and flower differentiation
(Skene, 1975), strongly suggest that cytokinin is the
secondary stimulus (inducer) of inflorescence formation
in grapevines.
Endogenous levels of cytokinins are profoundly
influenced by environmental factors (Wareing et al., 1977).
The increase in the fruitfulness of grape latent buds
(size and number of inflorescence primordia per bud) in
response to high temperatures and high light intensity
could be due indirectly to cytokinins.

This supposition

is supported by the observation that the depressing
effect of low temperature on the fruitfulness of latent
buds was counteracted by the sequential application of
chlormequat and cytokinin (Chapter 6, P.llO).

The qualit-

ative difference in cytokinins in the xylem sap of Sultana
vines which were grown in 20°C and 30°C (Skene and Kerridge,
1967) together with the quantitative increase in levels of
three cytokinins in maize with every increase in temperature
from 8°C to 28°C (Atkin et al., 1973), indicate that
temperature has an influence in cytokinin levels.
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It is now well-established that cytokinin content
increases several-fold in plants in response to increasing
light intensity (Wareing and Thompson, 1976 and references
cited therein).

In the grapevine, tendrils were trans-

formed into inflorescences in vitro, even in the dark, in
the presence of cytokinin (Chapter 7, p.

).

The increase

in cytokinin levels in poplar leaves in response to light
was particularly conspicuous in the case of a new
cytokinin,

(O-hydroxybenzyl) adenine riboside (Horgan et

al., 1973).

It has been shown in this thesis that similar

kinds of synthetic benzyladenines,

viz. BA and PBA, are

very active in inflorescence formation in grapevines
(Chapters 6, 7, and 8).

CYTOKININ - A PRIMARY REGULATOR OF GRAPE REPRODUCTION
Cytokinins are implicated in the control of many
aspects of reproduction of the grapevine (formation of
inflorescences;

Srinivasan and Mullins, 1978;

thesis

chapters 6, 7 and 8;

development of young inflorescences:

Mullins, 1967, 1968;

development of young flowers

in vitro:
flowers:
1966;

Pool, 1975;

pistil development in staminate

Negi and Olmo, 1966;

fruit development:

somatic embryogenesis .in

fruitset:

Weaver et al.,

Weaver and Van Overbeek, 1963;
unfertilized ovules in vitro:

Mullins and Srinivasan, 1976).

These findings, together

with the knowledge of high cytokinin activity in xylem sap
during bud burst and flowering and in fruits (Nitsch and
Nitsch, 1965;

Skene, 1975;

Chacko et al., 1977), strongly

suggest that endogenous cytokinin is primarily a regulator
of reproductive growth in the grapevine.
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POSSIBLE MECHANISMS OF ACTION OF CYTOKININ
The mechanism by which cytokinin mediates inflorescence
formation is unknown.
division factors.

Basically, cytokinins are cell-

Recent studies have shown that

cytokinins do not measurably affect DNA and RNA synthesis
but mediate the formation of a specific protein which may
be involved in regulation of mitotis (Johanneau, 1971;
Maass and Kl&mbt-,1977; Erickson et al., 1977).

Plant

cytokinins have also been reported to modify the lipoidal
matrix of cell membrane and to affect the permeability of
both plant cells (Usciati et al., 1974, Schaeffer and
1974) and animal epithelial tissues

(Bent~el

Sha~p,

et al., 1976).

Cytokinin is a strong mobilizer of assimilates to the
site of its application.

This has been demonstrated in

several organs of the grapevine (see Chapter 2 for references).
Recently.Sachs and Hackett (1976), Sachs (1977) also
provided evidence that flo\ver formation is related to
gibberellin:cytokinin balance and that these growth
substances regulate flowering by redistribution of metabolites.

This hypothesis is especially attractive to

explain the cytokinin-mediated inflorescence formation in
grapevines.

CONCLUSION
The results and hypotheses presented in this thesis on
the morphogenetic potentials of grapevine anlagen have been
combined in a single diagram (Fig. 24).

A tentative scheme

for the hormonal control of anlage, tendril and inflorescence
formation is given in Fig. 25.

The inhibitors in this scheme

are assumed to exert the effect of the synthetic growth
retardant, chlormequat.
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~IGURE

24

Morphogenetic potentials of the grapevine anlage.
In this figure an anlage which has a bract and two arms is termed as
the tendril primordium.
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FIG. 25
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ABSTRACT

isolated apices and tendrils in aseptic culture with various
growth substances. Most experiments were carried out with
explants from cuttings of grape cultivars but explants were also
taken from open pollinated grape seedlings. In seedlings the
first tendrils are formed at nodes 9 to 15, a few weeks after
germination, but the first inflorescences may take 3 to 5 years
to make their appearance in the field. In this paper we report
on the formation of inflorescences and flowers in vitro from
tendrils of grape cultivars and from the tendrils of 12- to 15week-old seedlings.

Tendrils produced from shoot tips of grapeYine (Vltis vlniJera L.)
cultured in 11111"0 on Nitsth·s medium developed into inDores«nces
wben 5 to 10 I'M benzyladenine (BA) or 6-(benzylamino)..9-(2-tetrahydropyranyl).9H-purine (PBA) were applied diredly to the tendril tips.
Innorescences did not form on tendrils if the cytokinins were supplied
in the agar. Tendrils cultured in agitated liquid medium conl:linin& BA,
PBA, or zeatin riboside showed profuse branching and tendri1s were
transformed into Inflorescences. Calyx and coroUa (calyptra) stamens
and pistils developed normally in the presence of both zeatin riboside
and PBA, but micro- and macrosporogenesis were absent.
Inflorescences were formed by tendrils from five cuttivals (Muscat of
A1exandria, Shiraz, earbemet Sauvignon, Wortley HaD, and Sultana
syn. Thomson Seedless) and also on tendrils from 12· to IS·week.old·
seedlings.

MATERIALS AND

The physiology of flowering in photoperiodically controlled
herbaceous plants has been the subject of intensive research (3,
4, 30) but there have been few studies on flower induction and
differentiation in daylength·insensitive, woody perennials such
as fruit trees and grapevines (2. 8). Research on flowering in
most woody species is made difficult by the long juvenile or
nonflowering periods of seed-grown plants, by the large size of
adult trees, and by the annual occurrence of flowers. In addition.
the reproductive anatomy of grapevines in particular is exceedingly complex and has only recently been clarified by scanning
electron microscopy (27).
Flowering in grapes is a three·step process: (a) formation of
anlagen; (b) differentiation of inflorescence primordia; and (c)
formation of flowers. Anlagen are undifferentiated or uncommitted primordia which arise from terminal or axillary bud
apices. Anlagen are formed in the current season and give rise
either to inflorescence primordia or to tendril primordia. Usually. flowers are formed from inflorescence primordia at the
time of bud burst in the following season (12, 21,27).
Inflorescences and tendrils are both derived from anlagen
and are homologous organs (1). Anlagen which undergo repeated branching give rise to inflorescences while those which
produce only two or three branches give rise to tendrils (27).
Accordingly, grapevine tendrils can be interpreted as weakl~
differentiated inflorescences. It follows that the control of
inflorescence formation in grapes hinges upon the control of
branching of anlagen Or of tendrils.
The present paper is concerned with the nature of the stimuli
which affect branching and this has been studied by growing
IT. L. Pawlett Postgraduate Scholar.

~IETHODS

Rooted cuttings of the grapevine (cvs. Muscat of Alexandria,
Shiraz, Cabemet Sauvignon, "",'ortley Hall, and Sultana syn.
Thompson Seedless), were propagated from cool stored (4 C)
canes as described previously (27). Grape seeds were extracted
from winery marc and stratified (-I C) with perlite for at least 7
weeks before sowing.
Lateral (entre coeur) shoots from the regrowth from cuttings
were collected and surface-sterilized by standard procedures.
Shoot tips bearing one or two unfolded leaves were excised and
cultured on agar (0.7%) with :-:itsch-s basal medium (18)
supplemented with casein hydrolysate (0.1 %) and various cytokinins (BA,!! PBA, ZR.2iP kinetin, zeatin, and adenine). The
tips were grown for 4 to 6 weeks (l6--hr illumination, 3 wm- 2
irradiance. 28 C) until tendrils were produced opposite to the
newly formed leaves.
Explants consisting of tendrils alone. or of tendril plus associated leaves and axillary buds, were excised from the cultured
shoot tips with the aid of a stereomicroscope. They were then
grown in liquid culture supplemented with cytokinins as before,
in a gyrorotatory incubator (80 oscillations min-I, 16-hr illumination. 2.5 wm- 2 irradiance, 28 C).
With open pollinated grape seedlings, the tips of primary
shoots were removed from 12- to 15-week-old plants. These
tips were cultivated in vitro to produce tendril explants and
subsequently inflorescences, in the same way as from the tips of
cultivars.
The tendril explants were then cultured for a further 6 to 9
weeks before being examined for inflorescence and flower
formation using a scanning electron microscope. Preparation of
scanning electron microscope specimens has been described
(27). The inflorescences formed in gyrorotatory culture were
irregular in shape, therefore dry wt and number of branches
were taken as measures of size.
All cytokinins were obtained from the Sigm~' Ch~mical Co .•
except PBA which \vas a gift from tht:- Shell Development Co.
2 Abbreviations: SA: KR-benzyladenine; PBA: 6-(benzytamino)-9-(2.
tetrahydropyranyl)-9H-purine; ZR: zeatin riboside; 2iP: 2-isopentenyladenine.
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RESULTS

Effect or Cytokinin! on Excised Shoot Tips Cullivated on
Agar. Tendrils were formed by isolated shoot tips from grape
cultivars after 4 to 6 weeks of culture on agar media containing
casein hydrolysate. At this stage the tendrils comprised two
branches which were enclosed by a bract (Fig. la).
If the medium contained BA or PBA (5-10 P.M) numerous
branches were produced at the tips of the tendrils, each branch
being covered by a large overgrown bract (Fig. Ib). These
branches were short lived and atrophied after a few days.
Death of branches could not be prevented by addition of
cytokinins to the agar. However. growth of branches could be
sustained if the tips of tendrils were treated with frequent direct
applications of BA or PBA: a fragment of lint moistened with
BA or PBA (5-10 P.M) was placed upon the tendril. Tendrils
then continued to form branches and subsequently grew into
inflorescences (Fig. lb). These inflorescences were green Or
red. The presence of leaves or axillary buds did not affect the
response of tendrils to the cytokinins.
Effect of Cytokinins on Inflorescence Formation on Tendril
Explant. in Liquid Medium. Culture of tendril explants with
BA in liquid media, in a gyrorotatory incubator, resulted in
prolific branching of tendrils and formation of inflorescences.
Neither branching nor inflorescence formation was observed in
the basal medium. With 2 to 10 I'M BA there was a progressive
increase in inflorescence size (Fig. I, c and d). With increasing
concentrations of BA there was a progressive increase in the
number of branches and in the dry wt of inflorescences (Fig. 2,
A and B). BA at a concentration of 15 p.M was toxic. Other
cytokinins which induced formation of inflorescences included
PBA and ZR. Kinetin. 2iP, and zeatin failed to stimulate
branching of tendrils. The response of tendrils to ZR was weak
compared with the response to benzyl-substituted cytokinins
and the optimum concentration of ZR (10 P.M) was higher than
that of the other cytokinins. Greatest growth of inflorescences
was with BA and PBA (10 P.M) (Fig. 2, A and B). Adenine
was either without effect or was inhibitory to inflorescence
formatio'n.
Inflorescence Formation by Isolated Tendrils of Grapevine
Seedlings. The tips of primary shoots of seedlings which had
just begun to produce tendrils (i.e. after production of 9-15
nodes) were cultured on agar. Young tendrils were excised
from cultured tips and were grown in liquid culture with the
same procedures as used for explants from the cultivars. When
these seedling tendrils were cultivated for 3 to 4 weeks with
PBA (10 P.M) there was prolific branching of the tendrils and
formation of inflorescences. These inflorescences were mostly
red.
DEVELOPMENTAL ANATOMY OF INFLORESCENCES AND FLOWERS
PRODCCED BY ISOLATED TENDRILS

Inflorescences. The process of inflorescence formation in
vitro is simi1ar to the process in vivo. In culture the inflorescence
arose by repeated branching of young tendrils (Fig. Id). In the
intact vine the primordial inflorescences arise by repeated
branching of the anlage. In the cultured tendrils each branch
was subtended by a large overgrown bract. Branches were
usually pale green but the bracts were red. In some instances
the bracts developed into leaves, After a period of profuse
branching by isolated tendrils, groups of three to five flowers
began to appear in the explants (Fig. Ie).
flowers. The flower buds which developed on tendrils grown
with BA or PBA formed calyx and corolla (calyptra in grapes)
(Fig. Ie) but the androecium and gynoecium were rudimentary,
Subculture of these underdeveloped inflorescences onto various
basal media (IS, 18, 29), supplemented with single cytokinins.
failed to' induce further growth of the androecium and gynoe·
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FIG. 1. Scanning electron micrographs. (except Fig. Id) of inflorescence and flower formation in vitro on grapevine tendrils. (a) A young
tendril excised from a cultured shoot tip (X 200). (b) Inflorescenco:
formation on one arm of the tendril, by direct application of 5 to 10 I'~I
BA on tips of tendril growing on agar (x 75). (c) Inflorescence
formation at 2 to 3 ILM SA (low concentration) in liquid medium (X
30). Note linear growth. ·(d) Inflorescence formation at 5 to 10 1L~1
(high concentration) BA (x 1). Note that inflorescence is broad rather
than linear and has morc branches. (e) Flower formation on one branch
of inflorescence (x SO). Note formation of calyx and calyptra. (f) Fully
developed flower showing the stamens and pistil (x SO), (g) Open
development of carpel and Q\'ules (x 90). (h) Style and stigma formation
(x 150).

cium. However, when partly formed flowers or tendrils were
grown with a sequence of cytokinins there was considerable
further development of flower parts. For example? a small
green inflorescence was formed with ZR (10 p.M). If the
medium was renewed after 3 weeks then supplemented with
PBA (5 P.M) as well as ZR (10 1''') it was found that the
development of calyx and calyptra was complete and that
Mamens and pistils were also produced (Fig. I, f nnd h). In
some of these flowers the gynoecium was abnormal and there
were instances of open carpels (Fig. 19). So far, the anthers and
ovules produced by the flowers induced on cultured tendrils
have been empty and no evidence has been obtained of microspore or megaspore production in vitro.
DISCUSSIO:>l
Flower induction and development in response to exogcnou~
cytokinins have been observed in a few herbaceous plants (I t.
13, 17). There is a marked increase in cytokinin activity in thl!
ascending xylem sap during bud burst in some woody perenniJ.b
(7,10,24) but direct involvement of cytokinins in inflorescena
formation has not been reported. ?\'evertheless, cytokinins han:
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FIG. 2. Effect of cytokinins on mean dry wt (A) and mean number
of bram:hes (B) per inflorescence (mean of nine cultures). Culture:.
were grown with Nitsch's basal medium supplemented with 0.1 % casein
hydrolysate and 2% sucrose.

been shown to promote the growth of flowers in grapevine
cuttings (14). In the present experiment, inflorescences and
flowers have been made to grow on young grapevine tendrils by
treatment with cytokinins.
Morphologically, the grapevine inflorescence is a system of
hranches (23). and it is clear that cy.tokinins are involved in the
control of branching. Additional evidence of a relationship
between branching of meristems and formation of inflorescences
in response to cytokinins is to be found in herbaceous species
(25). In Chenopodium rubrum, a short day plant, the appearance of flowers is preceded by profuse branching of the stem
apex. \Vith conditions of suboptimal induction there is production of branches but flowers arc not formed (9). In grapes, it is
noteworthy that low concentrations of BA and PBA caus~d
branching of isolated tendrils but that formation of flow~r5
required exogenous cytokinins at a concentration of 5 tp In
P.M. In Carex spp., application of BA caused changes in the
pattern of growth of the inflorescence; determinate branching
was replaced by indeterminate branching (26). A similar response to exogenous cytokinins was found in our cultures of the
grapevine (Fig. Id), wherein cytokinin induced profuse lateral
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branching of tendrils which have been defined as determinate
shoots (28). These observations, in which formation of inflorescences is closely associated with lateral branching. indicate that
the mechanism of flower formation involves a weakening of
apical dominance in the tendril. The role of cytokinin and of
other growth substances in controlling apical dominance is well
known (19). Effects of cytokinin on flowering in grapes are
consistent with the view of Zeevaart (30) that flowering in
woody perennials is governed by the response of apices to an
interaction of growth substances, rather than by response to a
specific florigen.
Morphogenetic effects of ZR and PBA have been indicated
previously in the grapevine and include promotion of flower
growth ill vitro (20) and development of pistils by staminate
flowers (16). ZR is the main cytokinin of the xylem sap of the
grapevine (24). The requirement for both ZR and PBA for
production of inflorescences and flowers in cultured tendrils is
difficult to interpret. However. the importance of multiple
forms of cytokinins in the control of growth and development
has been emphasized, by some workers (6). Abnormalities such
as multiple lobes on calyx and calyptra, open ovules. and short
styles (Fig. 1, g and h), which were found in grape flowers in
response to PBA, have also been reported in cytokinin-treated
plants of Browallia demissa (5).
The absence of micro- and megasporogenesis in the flowers
formed in vitro suggests that factors other than cytokinins,
minerals and sucrose are necessary for these processes. Empty
ovules lacking an egg apparatus have been reported previously
in grape flowers grown in vitro with ZR (20) but pistil development was promoted by PBA in staminate flowers in intact
plants (16). It seems that factors which trigger meiosis in mitotic
cells are available in intact plants but lacking in the tissue
culture media used for our explants.
The results of the present experiment confirm our earlier
conception that the grapevine tendril is a weakly differentiated
inflorescence (27). Accordingly? the appearance of the first
tendril on a grape seedling is a manifestation of phase change;
i.e. the transition from the juvenile nonflowering stage to the
adult flowering condition and not merely a change in form
associated with the acquisition of a climbing habit (22). This
knowledge is being applied to the induction of precocious
flowering for plant-breeding purposes.
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ABSTRACT
The origin and development of anlagen (undifferentiated primordia). inflorescences. tendrils and flowers in
the grape cv. Shiraz has been investigated by scanning electron microscopy. Anlagen arise terminally by
bisection of the apex of the so-called latent bud. The axis of the latent bud is continued by the original
apex and anlagen are displaced lateraIly. Micrographs presented here favour the interpretation of the
grape~vine shoot as a monopodium.
Anlagen formed distal to the 10th node of container grown vines formed inflorescence primordia when
plants were grown at high temperatures (33°C day-2B °C night). At lower temperatures (21°C day,
16°C night or 18 °C day. 13°C night) anlagen formed distal to the lOth node grew into tendril primordia.
At basal nodes anlagen gave rise to shoot primordia. Each branch of the highly-divided inflorescence primordium of Shiraz forms five flower primordia. Flower development is discussed.
INTRODUCTION

Recent accounts of the complex morphology of the grape-vine shoot system, and of the
origin and development of infiorescences, are given by the French workers Bugnon and
Bessis (I968) and Carolus (I970). In brief, the leaf axil of the current season's shoot contains a hierarchy of buds (l'oeil). The first-formed axillary bud (prompt-bourgeon) elongates
to form a short lateral shoot (entre-coeur) or it may remain dormant. In both cases a
lateral bud grows from the axil of the basal scale of the prompt-bourgeon. This bud, bourgeon
latent (latent bud) becomes greatly enlarged and produces lateral buds at its base which, in
turn, produce further lateral buds.
The latent bud does not grow out in the current season but may form the inflorescence
primordia which give rise to the next season's crop of grapes. This paper is concerned with
the initiation and development of inflorescences and other structures within latent buds of
the grape-vine cv. Shiraz (syn. Syrah, Hermitage).
The formation of inflorescences and flowers in various grape cultivars involves three
well-defined stages (perold, 1927; Barnard, 1932; Barnard and Thomas, 1933; Snyder,
1933; Winkler and Shemsettin, 1937; May, 1964; AIIeweldt, 1965; Carolus, 1970, 1971).
(i) Formation of aulagen, club-shaped meristematic protuberances which arise from
the apices of latent buds.
(ii) Differentiation of anlagen to form either inflorescence primordia or tendril
primordia.
(iii) Differentiation of infiorescence primordia to form flowers.
The first two stages are completed during the current season. The final stage, flower formation, occurs shortly before- and during bud burst in the next spring.
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Information on the reproductive anatomy of the grape-vine has been accumulatedmostly
from examination of median longitudinal sections of buds at various stages of development.
With this method, however, the various elements cannot be seen simultaneously because
they grow in different planes. For example, only sections which bisect the growing point
will show some part of both leaf and inflorescence primordia (Winkler and Shemsettin,
1937). With a complex three-dimensional structure such as a grape-vine bud the use of
sections for the study of dynamic aspects of growth and development presents many practical difficulties. The work is laborious and interpretation of sections cut from blocks with
differing orientations is often exceedingly difficult. In the present work these problems
have been overcome by direct observation of latent bud apices with the scanning electron
microscope, and new information has been obtained on the origin and subsequent development of anlagen.
MATERIALS AND METHODS

Dormant canes (cv. Shiraz) were cold-stored (4°C) in sealed plastic bags and used as
required. Uniform cuttings (4-buds) were propagated by the method of Buttrose (1968)
and grown in containers (10 I) with equal parts of perlite, vermiculite, sand and peat. At
weekly intervals each pot received I I half-strength Hoagland's solution. The elongating
shoots were trained in an upright position on wooden rods. The method of Mullins (1966)
was used for propagating plants for studies of inflorescence differentiation.
The experimental plants were grown in separate temperature-controlled units in a glasshouse (33°C day-28°C night, 21°C day-16°C night, 18°C day-13 °C night) with
natural illumination. Experiments were made during late summer and autumn at Sydney,
N.S.W. (Latitude 33°51' S, mean daily net radiation 22MJ m- 2 ).
Latent buds were sampled at intervals from the 15th and 16th nodes, and the sampling
period extended from the 4th to the 16th week after bud burst. As soon as possible after
excision the buds were dissected under a stereomicroscope and the tomentose hairs and
stipular scales which enclose each whorl were removed so as to expose the leaf- and inflorescence primordia. The tomentose hair makes dissection of grape buds difficult because it becomes entangled with the instruments and with the primordia, and it must be
removed, (sometimes one hair at a time) to permit detailed observation of the apex.
Buds were fixed in glutaraldehyde (3 per cent) containing 0·025 M phosphate buffer
(PH 6·8). After rinsing in buffer, and then in water, the specimens were dehydrated with
ethanol and then with acetone or amylacetate. Subsequently the sections were dried by the
critical-point method ofHorridge and Tamm (1969), affixed to aluminium stubs, and coated
with carbon and gold or gold-palladium. Micrographs were obtained with a JSM-U3
scanning electron microscope (accelerating voltage 5-15 kV).
RESULTS

Formation of leaf primordia
The apex of the latent bud produces a succession of pointed leaf primordia. Two stipular
scales are associated with each leaf primordium (one on either side), and the phyllotaxy is
distichous (plate IA and B). The developing leaf primordia become lobed and rapidly assume a leaf-like appearance. Initially, the scale primordia are as big as the leaf primordia
but they soon stop growing and become sclerified. Tomentose hairs develop from the epidermal cells of leaf- and scale primordia (plate lA-E).

Formation of anlage
After the formation of four or five leaf primordia, the apex divides into two almostequal parts. The part opposite the youngest leaf primordium is called the anlage. This

Srinivasan and Mullins-Reproductive Anatomy of the Grape-vine

1081

separation of anlage from the apex is the earliest indication of reproductive growth in the
grape-vine (plate IF). It is simple to detect whether a newly-differentiating element is to be
a leaf primordium or an anlage because leaves are derived from a narrow pointed primordium with two stipular scales (Plate IA) whereas the anlage is a blunt, broad, obovate
structure lacking stipular scales (Plate IG). Initially anlagen are rounded in shape but become flat at their distal ends, and bract primordia are formed on the side farthest away
from the apex (plate IH and I).

Formation of inflorescence primordia
The first step in the differentiation of anlagen is the formation of a bract (plate IH and I)
but the inflorescence primordium proper is formed by bisection of the apex subtended by
the bract (plate 2A and B). The inner arm or adaxial portion of the divided anlage becomes
the main body of the inflorescence primordium (plate 2c and D) whilst the outer arm
(adjacent to the bract) develops into the lowest branch of the inflorescence primordium.
The inner arm divides many times and gives rise to many bracts, in the axils of which are
secondary and tertiary branches-the so-called branch primordia (Plate 2c and D). The
outer arm branches less than the inner arm (Plate 2E and F).
The degree of branching of the inner arm is gradually reduced in the acropetal sense and
this gives the inflorescence primordium a conical shape (Plate 2F). The appearance of a
fully-developed inflorescence primordium is rather like a bunch of grapes (plate 2F) in
which each berry-like branch primordium is a protuberance of undifferentiated meristematic tissue.
In the field, anlage first appear during the mid-summer period, and full development of
the inflorescence primordium coincides with the 'ripening' of the cane on which the latent
bud is borne, i.e. suberization and lignification of the current season's shoot. There is no
further development of the inflorescence primordium in the current season, and the latent
bud enters a deep organic dormancy (reviewed by Rives, 1972).
In the present experiments with container-grown cuttings the first inflorescence primordia were formed at the 10th node of the elongating shoot and thereafter at all nodes, but
the primordia formed at nodes 10-14 are weakly differentiated. Fully developed inflorescence primordia could be discerned from the 15th node onwards when plants were grown
at high temperature (33 'C day-28 'C night). Few inflorescences were formed in plants
grown with 21 'C (day) and 16 'C (night), and with the lowest temperature regime (18 'C
day, 13 'C night) the plants remained in a vegetative condition.

Formation of tendril primordia and shoot primordia
Anlagen which separate from the apex are not necessarily potential inflorescences.
Depending on environmental conditions they may become inflorescence, tendril or shoot
primordia. In all cases the anlagen form the bract primordium and the inner and outer
arms, but if conditions are not conducive to inflorescence formation the two arms do not
undergo repeated division (plate 2G). These weakly-differentiated anlage usually gives
rise to tendrils after bud burst in the following season.
Tendrils were formed in most latent buds when plants were grown with low temperatures,
i.e. (21 'C day and 16 'C night) and (18 'C day and 13 'C night). However, at the basal
nodes (1-10) of plants grown at low temperatures there was formation of shoot apices,
i.e. anlagen produced a shoot apex with one or two leaf primordia and one or two tendril
primordia opposing the leaf primordia (Plate 2H and I).
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Differentiation of inflorescence primordia and formation offlowers
When dormant latent buds are activated in the following spring the inflorescence primordia undergo a period of rapid development. Each branch primordium divides many
times and produces groups of flower primordia each of which gives rise to five flowers
(plate 3A and B).
The calyx comprises a continuous ring of tiSsue which covers the whole flower primordium (Plate 3c and D) and forms an incomplete cap. The petals, which develop at the same
time as the calyx, become lobed and then push their way through the calyx cap (Plate
3E-I). As each petal elongates cells are formed at its margins which interlock with similar
cells on the margins of the adjacent petals to form a calyptra. The number of petals in a
flower of Shiraz grape is variable (4-6) but five is most common number (plate 3J-L).
DISCUSSION

A unique feature of the grape-vine is the occurrence of undifferentiated or uncommitted
primordia, the anlagen. The transformation of anlagen into tendril primordia, inflorescence primordia, or transitional forms between these two structures, has been described
by Barnard and Thomas (1933) and by May (1964). The present research provides additional proof of the homology of inflorescence and tendrils (Plate 2A) and it has revealed a
third morphogenetic pathway-the transformation of anlagen into shoots (Plate 2H and
1) when plants are grown at low temperatures (21°C day-16°C night). This is the first
report of shoot formation by anlagen.
Flowering in the grape-vine is the culmination of a three-step process-formation of
anlagen, differentiation of primordia, and formation of flowers (May, 1964; Pratt, 1971;
Carolus, 1971), and these steps are illustrated here by scanning electron micrographs. The
SEM technique, which permits observation at high magnification and with great depth of
focus has provided new perspectives in bud structure, but the mechanisms involved in
anlagen formation and differentiation are not well understood. Effects of temperature on
inflorescence and tendril formation in container-grown grape-vines have been described
previously by Buttrose (1968,1970), and there is evidence that formation of flowers from
the inflorescence primordium is a cytokinin-dependent process (Mullins, 1967). Research
is in progress on effects of growth substances on the development of anlagen (including
interactions with temperature), and this work will be described in a later report.
There are differences between cultivars in the extent of differentiation of inflorescence
primordia in dormant latent buds (May and Antcliff, 1973), and there appear also to be
differences between cultivars in the pattern of differentiation of flowers from the inflorescence primordium. In Gordo Blanco and Sultana the flower primordia are formed in
groups of three (May and Antcliff, 1973 and Scholefield and Ward, 1975) but in Shiraz the
flowers occur in groups of five (plate 3A and B).
The information obtained on the structure of the calyptra or cap (Plate 3G-L), i.e. adhesion of petals by interlocking of marginal cells, is of interest with regard to the mechanism
of dehiscence. Anthesis (cap-fall) in the mature grape flower occurs mainly between
09.00-10.00 hours as the temperature begins to rise (Pratt, 1971). The petals first become
free at their proximal ends, and then they separate and curve upwards and outwards to
release the stamens. Adjacent petals are not fused and separation is unlikely to involve dissolution of cell walls as in abscission phenomena. A more likely explanation is that petals
become separated due to temperature-induced changes in the turgor of the interlocking
marginal cells.
The structure of the grape-vine shoot has interested morphologists for more than a century (reviewed by Bugnon, 1953), and various interpretations have been given to the extraaxillary, leaf-opposed, positions of inflorescences and tendrils.
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Many workers have proposed that the grape shoot is monopodium (Barnard, 1932;
Winkler and Shemsettin, 1935; Bugnon, 1953; Breider, 1956; May, 1974; Bugnon and
Bessis, 1968; Pratt, 1971). The lateral position of the anlage (as seen in longitudinal
sections), and oftendri! and inflorescence primordia is regarded as evidence for the lateral
origin of these structures and as evidence for the continuation of the axis by the original
apical meristem. A minority view is that the grape shoot is a sympodium, and that anlagen
are terminal. In this theory the axis is continued by a new apex which arises from meristematic tissue subtended by a leafprimordium (Snyder, 1933; Alleweldt, 1963; Alleweldt and
Balkema, 1965).
One of the earliest sympodial theories was that of Eichler (1878) who proposed that
terminal inflorescences were pushed into a lateral position by pressure from the more
rapidly growing axillary vegetative apex. This possibility was discounted by May (1964)
who could find no supporting evidence by use of conventional sectioning techniques.
Evidence from scanning electron microscopy, supports the view that anlagen arise in a
terminal position, i.e. by bisection of the apex, and anlagen do appear to be displaced
laterally as suggested by Eichler, (plate IF-I). These observations are in accord with a
sympodial organization, but the vegetative axis is continued by the original apical meristern, as in a monopodium, and not by an axillary meristem as in a sympodium. Accordingly, a monopodium would seem to be the more appropriate description of the grapevine shoot.
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EXPLANATION OF PLATES
ABBREVIATIONS

A-apex
AL--anlage
BP-branch primordium

IP-inflorescence primordium

LP-leaf primordium
OA........outerann
S-stipular scales
SP-shoot primordium
TH-tomentose hairs
TP-tendril primordium.

BRP-bract primordium

C-calyptra
CA-calyx
lA-inner ann

PLATE 1

A.

Anlage formation
Differentiation of the first leaf primordium from the latent bud apex. x300.

o.

Two-leaf-primordia stage. xISO.
Three-leaf-primordia stage. xlOO.
Four-leaf-primordia stage. x7S.
Five-leaf-primordia stage. x7S.
Formation of anlage from apex. Note bisection of the apex. x3S0.
Anlage showing flattened distal end. x3S0.

H, I.

Fonnation of the bract primordium. x350.

B.

c.
D.
E.

P.

PLATB2

Formation of inflorescence primordia
A.
Division of anlage. The part closest to the bract primordium will become the outer ann of the inflorescence primordium. x2S0.
B.
Development of the outer arm. and the inner arm of the inflorescence primordium. x2S0.
C, D. Secondary branching of the inflorescence primordium. x2S0.
B.
Advanced stage of development of the inflorescence primordium showing branch primordia sub-

tended by bract primordia. xlOO.
p.

Fully-developed inflorescence primordium. Note the conical shape. x7S.

o.

Tendril primordium. x2SO.

H,I.

Formation of shoot primordium from anlage. H, xlOO; I, x70.

A.
B.
C,D.

Differentiation of inflorescences
A branch primordium of the inflorescence primordium before bud burst. x300.
Formation of five flower primordia after repeated division of the inflorescence primordium. xlS0.
Formation of the calyx. x7S.

PLATE 3

E.

Formation of petals (calyptra). x40.

F-I.

Advanced stage of flower formation. P, 0, x40; H, I, x20.

1.

Flower with four petals (calyptra). xlOO.
Flower with five petals (calyptra). x12S.
Flower with six petals (calyptra). x7S.

K.
L.

Cleof
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