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ASPECTS OF THE HORMONAL PHYSIOLOGY CF FRUIT DEVELOPMENT
IN VITIS VINIFERA.

SUMMARY

Two complementary studies were
undertaken of the hormonal physiology of set and

development of the fruit of Vitis vinifera, with special

refercnce to gibberellin promoters and inhibitors. In

one approach the effescts of applicatioas of factorial
combinaticns of GA and CCC were measured on‘various
parameters of cluster development. Time of application

of each compound was also examined. In the second
apprcach, sstimations of endogenocus CGA-like and ABA-like
compounds were made in extracts of flowers and fruits
during the critical periods bf anthesgis and early psricarp

development,

Pre-anthesis applications of GA
increased fruit-set in the stenospermocarnic Sultana,
decreased set in the parthenccarpic Zape and had no
effect on three othes cultivars, Anthesis
applications increased the sct of seedless berries in
Doradillo, had no effect on luscat, Cape or Zante, and
decreased set in Sultana. Post-anthesis applications
increased the set of seedless berries on cultivars other
than the parthenocarpic, Pre-anthesis applications of
CCC increased set though not always significantly. Post-

anthesis applications were without effect on set. T
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Applications of GA prior to anthesis
were the most effective in reducing seed developments post—
anthesis applications were without effect on Doradillo
but reduced ssed development in Muscat. Intermediate resulis
were generally obtained from anthesis applications. With one
exception (Muscat pre-anthesis 1966-7) CCC did not alter the

proportion of seeded anl seedlesgss berries set.

In general both ccompounds exerted
significant, usually opposite, effects on pericarp
development. Where seed growth was unaffected by GA
application, this compound had no influence on the final

fresh weight of the berry. However, if seed development

was impertect then GA had a ﬁrofound effect oh the final
size of the berry. The magnitude of this effect depended
upon the cultivar and time of applications those berries
in which seed development was incomplete showed greatest
response to GA applied at set, but where no seed growth
occurred at all then response was greatest to anthesis
applications. CCC, irrespective of time of application,
significantly reduced berry size in all cultivars except

those which were parthenocarpic.

GA significantly affected the shape
of berries, especially when applied at anthesis, The
Cegree of the response was unrelated to seed development,
although in the seeded cultivar Muscat the change in
shape was unaccompanied by any change in berry weight.

Cape was the most responsive, while Muscat, Sultana and
Zante were less so. Doradillo was unaffected., CCC
significantly reduced the length/width ratio of all herries

with a normal ratio greater than about 1.1.



xiii

GA often significantly increased
the length of the rachis and pedicel but only when
applied pre-anthesis. There was a trend, sometimes
significant, for CCC to retard the elongation of the

rachis and the pedicel.,

Cluster weight was affected by
the treatments in a manner similar to berry weight.
Pre-anthesis applications of GA +to seeded cultivars
resulted in decreased yileld because a greater proportion
of berries had inhibited seed growth and were smaller.
Later applications of GA, notably in Doradillo, increased
yield because of reduced inhibition of seed growth and
greater set and development of seedless berries. Anthesis
applications of GA were most effective in increasing
yield in Zante and Cape, while post-anthesis applications

were more effective in Sultana.

In the examination of endogenous growth
regulators in the fruit of Doradillo, Sultana and Cape,
qualitative differences in GA-like compounds were noted
between the parthenocarpic cultivar, Cape, and the
other two cultivars; the difference between Sultana and
Doradillo appeared to be only quantitative. Significant i
changes in concentration of GA-like substances during early I
development occurred only in the seeded cultivar Doradillo.

No significant response to CCC was noted.



M ABA-like compound was present in
all extracts examined and significant changes occurred in
its concentration. There was a trend in all three
cultivars (significant in Doradillo, P= 0.05) for the
level of the inhibitor, which was generally highest at
anthesis, to decline more slowly after treatment with
ccce.

These results and the results of
others are used to formulate a general hypothesis of
the control of fruit-set and pericarp development in

Vitis vinifera.
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The control of fruit set and pericarp development
is economically importent to the viticultural induéffy. In spite of
the advent of plant growth regulators and their use as sz tool to
modify plant srowth, we still have not achieved control of such
factors as set, pericarp size and shape of grape berries. In the
normal situation these factors are controlled in the first
instance by the genetic make-up of the plant and in the second instanc
by the enviromment. In order to control fruit cluster development
we need to know what processes are invelved and how they are

controlled.

(1) Structure and development of the fruit

The fruit of Vitis vinifera L. is classgified

as a berry (Perold 1927) and it develops on a panicle (cluster)

that may contain from a few to several thousand flowers. Bach flower
1s separately attached to a pedicel which in turn is attached to

the rachis which often has secondary or even teriiary branches.

The rachis is attachod to the vegetative shoot by the peduncle.

The development of the fruit cluster

initials up to the stage of anthesis has been described for = numbar
of cultivars (Barnard 1932; Barnard and Thomas 1933; Winkler and
Shemsettin 1937: Manzoni 19535 Winkler 19462)., Two workers

Pearson 19323 Stout 1936) have concentrated their studies on

the development of the émbryo as it affects seod development
following poliination. These workers have shown +that parthenocarpy
as exemplified in Red and White Corinth (Currant) is due %o a
defective type of embryo formation in which the inner integument
‘and embfyo sac fail to develop. In the Black Corinth (Zdnte”dﬁrrant),

although the integuments develop normally the egg apparatus either
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fails to develop or degenerates before fertilization. »?h@ﬁ
stenospermocarpic cultivar Sultana alsc exhibits defective ovule
formation in that there is excessive growth of the inner integument
prior to anthesis,and the embryo sac is frequently abnormal.
However, it is possible that defective formation of the embryo

is not causally related to parthenocarpy; rather it may

result from the same physiological cause that produces
parthenocarpic development. Fruit clusters in such segded
cultivars as Muscat Gordo Blsmco and Doradillo generally contain

a proportion of seedless berries. Seedlessness in these cultivars
is a result of one or more of the following factorst lack of
pollination (facultative parthenocarpy), imperfect ovule
development, or seed abortion following pollination and partial
seed develcpment in which case pericarp growth is said to be
stenospermocarpic. A further type of seed development is apogamy
in' which complete seed development takes place in the absence of
fertilization. All these forms of berry gggelopment have besn

s

demonstrated in Muscat (Stout 1936), —

The type of seed development is an important
factor in determining not only the final size of the berry, but
also, in elongated berries, the shape. There is an obvious
positive correlation between amount of seed Gevelopment per
berry and the final size of the berry (Winkler and Williams 19355
Stout 19363 Olmo 1946). Parthenocarpic berries generally weigh
less than 1g, stenospermocarpic 1 to 2g, and seeded up to 5g or
more, In cultivars which normally have elongated seeded berries
but also set seedless berries, the seedless berries; apart from
being smaller, are generally more spherical than the seeded (Miller
-Thurgau (1908) cited by Pearson 1932).
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Coombe (1960) compared the growth rates in

the different seed and fruit structures of Sultana (stenospermocarpic)
and Muscat (seeded) and found that the rates of cell division were
very similar in the pericarp and septums the only major differences
were in seed growth and these differences, apart from the early
abortion of the embryo in Sultana, were mainly quantitative. His
results also indicated that both cell division and cell expansion
contributed to the first growth phase of the berry, while cell

rexpansion was the sole contributing factor in the second phase of
growth. Harris et al. (1968) examined quantitatively the rate

|of cell division and cell expansion in the placenta and inner

I-and outer pericarp in Sultana. They found that for this cultivar

\ pericarp growth was basically resgponsible for the oversll grcwth

% of the berry, and that this tissue represented 64 per cent of the

'berry volume at maturity.

No work has been done at the cellular level
to see at what stage in berry growth the differences in berry
size and shape are determined. Are these differences determined
before anthesis or are they a consequence of pollination ? The
above observations on berry growth as affested by degree of seed
development would seem to indicate that there is little difference
in the state of the pericarp in the different cultivars up to the
stage of anthesis and that differences in size and shape are a
consequence of pollination, fertiligation and seed development.
The contribution of each of these processes has yet to be fully
established for the fruit of Vitis vinifera although Miller—
Thurgau (1908 , cited by Pearson 1932) has established that

pollination is necessary for berry elongation and Olmo (1936) found
that pollination was essential for the setting of the parthenocarpic
Zante Currant. MNillardet (1901) found that he could induce "fausse

hybridation" in grape flowers with pollen from Ampelopsis hederace=a.




Massart (1902), by splitting a self-incompatible cucurbit
flower in half and pollinating one half with self-
incompatible pollen and the other half with compatible
pollen, was able to show that the stimulation which inhibits
abscission and initiates the first wave of growth in the
ovary wall is derived from pollen, but that the stimulation
which causes growth in both the ovary wall and the placenta
comes only from the fertilized ovules. Also it has been
established that set, size, and shape of the Deglet Woor
date are affected by pollen source (metazenia) (Nixon 19345
Schroeder and Nixon 1958). Similar effects have been noted
in mandarins by Stafford (pers,comm,) Perhaps an analogous

relationship exists in the fruit of Vitis vinifera.

(2) The relationship between vplant zgrowth regulators and

fruit set and development

(i) Gibberellin

During the last decade gibberellic acid
(GA3) has come into widespread usc as a» fruit sizing agent
for scedless grapes. It has assumed particular importance
in the production of Sultana clusters for fresh fruit. Such
has been the impact of this treatment that fruit less than two
or three times its untreated size is virtually unsalable in the
USAa

Much attention has been paid in the last 40
years to the gross effects of GA on fruit ~luster development,
and many of these effects have been quantitatively analysed, for
seeded as well as seedless cultivars. The most obvious effect
and the first to be documented (Weaver 1958) is the ability of
GA to increase markedly the size and weight of seedless berries,
Sachs and Weaver (1968) studied the histology of this effect in

the cultivars of Zante Currant snd Sultana and observed that the
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tissue most affected was the inner pericarp. This tissue
responded by an increase in cell expansion within 24 hours

of the application of 40 ppm GA, This expansion was so
intense in the region of the inner pericarp that the cells of
this tissue became distorted and compressed the cells of the
outer pericarp against the epidermis. The authors do not rule
out an effect on cell division as well as cell expansion although
they did not observe any increase in the rate of cell divigion.
Seeded berries are notably unresponsive to GA (Weaver and McCune
1959 a,%3 Lavee 1960). Smirnov and Perepelisyna (1965)
examined 18 seedless cultivars and established that the
responsiveness of a cultivar varied inversely as the weight

of the seed rudiments it contained. Lavee (1960) established
a similar correlation for berries within the seeded cultivar
Queen of the Vineyard, and observed that two or three seeds
were requirec to offset the effect of GA applied at 3 weeks
post-anthesis. Weaver et al. (1962) examined Muscst and
found that in this cultivar one seed was sufficient to offset

the effect of a post—anthesis treatment with GA.

The increase in weight of seedless berries
following the application of GA is a result mainly of an increase
in the length of the berry (Weaver 1958), although there is also an
associated but relatively smaller irncrease in the width of the
berries. It has been observed (Sachs and Weaver loc.cit.) that
time of application is important in this effect.and it is due to
the greater responsiveness of the distal parenchymatous tissue to
GA. Weaver and McCune (19592) observed that Muscat berries (seeded)
treated with GA were elongated,
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Recently work has been carried out on the
influence of GA on the processes associated with fertilization
and further to evaluate the importance of any such influence
on fruit set and size. Weaver and McCune (1959 a,b)  observed
that the application of GA to seeded cultivars resulted in the

formation of small seedless berries ("millerandage", "shot

berries"). It was later found that application of GA at
anthesis produced shot berries in Sultana and also reducggwﬁpe
number of berries set (Weaver and Pool 19653 Christodoulou 1966,
1967, 1968; ILynn and Jensen 1966; Mosesian and Nelson 1968).
Weaver and McCune (1960) postulated that these effects were due
to gibberellin acting as a pollenicide and supported this with the
information that 25 p.p.m. GA applied to Carignane clusters
reduced the germinability of the pollen from 90% to 7%. Pollen
from clusters treated with 100 p.p.m. GA failed to germinate

at all, A number of authors (Watanabe 1963a, cited by Sachs
and Weaver 1968, 1963b; Smirnov and Perepelisyna 19653
Nishitani et al. 1968) have studied the influence of GA on
embryo development and found that pre-anthesis applications

of GA caused atrophy and degeneration of embryo-sac tissue

in seeded and seedless cultivars. Nishitani et.al. 1968)
proposed that this effect was the probable cause of seedlessness
in seeded cultivars and that in the cultivars they studied
pollen germinability was not limiting. Thus it would appear
that GA on one hand may prevent normal fertilization and on

the other may replace seed development as a requirement for
fruit set and pericarp development. However this does not
explain the full situation since one of the notable effects of

GA at high concentrations is the setting, by pre-anthesis

treatments, of gimost completely undeveloped ovaries,
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In this situation GA has obviously prevented the abscission of
the ovary but at the same time it has prevented its development.
Furthermore Weaver and MoCune (1960) and Pratt and Shaulis (1961)
have demonstrated that, for fruit set and development, GA cannot

fully replace pollination.

Many often conflidling reports have been
made on the ability of GA to alter fruit quality, and it is
apparent that time of application is an important factor. Pre-
anthesis application of gibberellin resulted in earlier flowering
and earlier maturity (Wéaver and McCune (19596)° It is therefore
possible that in this situation the earlier maturity (aé
measured by sugar content) is a direct result of the earlier
flowering. JMAnthesis applications have been reported by several
authors to hasten maturity (Iynn and Jensen 19663 losesian and
Nelson 1968), but it may be that this is due to the marked degree
of berry thinning induced by this treatment with a consequent
reduction in vine load. There is general agreement that post-
anthesis applications of GA greater than 10 mg/i will result
in lower levels of sugar and a higher acid titre (Weaver and
McCune 1959cs  Smirnov and Perepelisyna 19653 Mosesian and
Wolson 1968)e TWeaver and McCune (1959¢) demonstrated that at a
given level of crop a post-anthesis application of GA had no
significant effect on the sugar content of the berries at harvest,
and thus it is possible that the retardation of maturity is a
consequence of the insreased crop. It should be noited that the
above experiments were carried out on the cultivar Sultana and

the conclusions may not be true of other cultivars.
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A number of authors have measured the
berry number (set), berry size and juice density (Brix,
Baum?) (e.g. Weaver and McCune 1959 a & ¢, 1962; Lynn and
Jensen 1966; Mosesian and Nelson 1968), but no.attempt has
been made to assign a relative value to these as a component
of yield. In order to do this, size would need to be
measured in terms of wvolume rather than length or width or

weight.

Pro-anthesis sprays of GA result in
rachis elongation in seeded cultivars (Alleweldt 1959 Rives
and Pouget 19593 Weaver and McCune 1959 a & b, 1961), but
only small effects have been reported for seedless cultivars
(Weaver and McCune 1959¢c, 1962). Associated with the increase
in rachis length has been an increase in the toughness and the
weight of the rachis and pedicels (Weaver and McCune 1959 as

Smirnov and Perepelisyna 1965).

(ii) Growth retardants

The effects of a number of growth
retardants on fruit cluster development have been examined

for Vitis vinifera. Increases in fruit set have been

obtained with two chemicals, 2—(chloro ethyl) trimethyl
ammonium chloride (CCC) (Coombe 1965, 1967), and tributyl-2,
4~dichlorobenzylphosphonium chloride (Phosphon D) (Coombe
loc.cit. ). N,N~dimethylaminomaleamic acid (C011) was

without effect (Coombe log.cit.). Increases in fruit set have
only been obtained with pre-— or early anthesis treatments.
Phosphon D, although it incrcases set, is phytotoxic and

leaf applications result in marked chlorosis. Alar was
ineffective in the early experiments (Coombe 1967) and thus

most attention has been paid to CCC.



The application of CCC as well as
resulting in increased set also causes a reduction in berry
size, which offsets to a significant extent the increased
berry number (Coombe loc.cit. ). In these respects it is the
reverse of GA. However, where G4 application results in
increased seedlessness in seeded cultivars, CCC has no effect
(Coombe 1967). Purther, CCC has been shown to increase set and
decrease berry size in stenospermocarpic and seeded cultivars.
Although it increased set in such parthenocarpic cultivars as
Zante Currant it does not cause a significant decrease in berry
size; perhaps this is due to there being little scope for a
reduction in size of thisg cultivar. In liuscat concentrations
of CCC low enough to have no effect on set can still decrease
berry size (Coombe 1967). Coombe (pers. comm. ) has also shown
that CCC application to either bunch, leaves or the whole shoot
will result in decreased shoet growth and he uses this and other
obgervations to explain the frult setting effect of CCT in terms
of an increase in availability of nutrients to the bunch. This
effect is alsc the reverse of GA since GA applications have bheen

shown to increase shoot growth (Wéaver and McCune 1959).

(3) The relationship between endogencus growth regulators

and fruit set and development

(1) Endogenocug gibberellin-like compounds

Coombe (1960) assayed crude extracts from
seeded anC seedless cultivars of grapes and found significant
activity in the stamens of seeded and stenospermocarpic cultivars
but none in the stamens from the parthenocarpic Zante Currant.

Mn examination of the ovaries of Zante Currant and Seedless BEmperor
(stenospermocarpic) revealed highest activity at the stage of fruit

set. Sultans showed 3 small rise in aétivity during anthesis, and
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the two seeded cultivars showed no activity at all,Weaver and

Pool (1965b) found that by using a combination of liquid/

liquid partitioning and paper chromatography they could demonstrate
significant activity in seeded cultivars, although they d4id not
look at changes in concentration with stage of development.
Coomgg:?396g) similarly demonstrated gibberellin-like activity

in Doradillo ovaries. Iwahori et 2l. (1968) compared seeded

and stenospermocarpic variants of the cultivar Tokay. They

found that one acidic gibberellin was present in both variants,
and that greatest activity coincided with early fruit set. In

the seeded variant high gibberellin-like activity persisted for
three weeks, and was followed by another smaller rise in activity
four to five weeks later, whereas in the seedless variant the
early high level of activity dropped very rapidly and was followed
by another smaller rise in activity one or two weeks later. They
ascribe these differences to the ability of the well developed

seed of the perfect-seeded variant to produce more gibberellin,

(ii) Endogenous abscisic acid~like compounds

There is little published work relating to
the presence of endogenous abscisic acid-like compounds in Vitis,
' Coombe (pers, comm. ) has found that there is an acidic inhibitor
| of the barley endosperm bio-assay in young berries of Vitis
¥inifera, and Skene (1967) has detected an inhibitor which has
similar chromatographic properties to abscisic acid (ABA).

Lstt (1968) found ABA-like activity in mature grape seeds., It
is therefore likely that an ABA-like compound does exist in
developing berries although there is no information on the role

it plays in determining fruit cluster development,
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(4) The relationship between the growth retardant

CCC_and endogenous gibberellin-like and ghgcisic

acid-like compounds

Because essentially opposite effects are
obtained with GA and growth retardants much attention has been
paid to the possgibility that growth retardants such as CCC exert
their influence on plant growth by inhibiting the synthesis of
gibberellin, Such a relationship was first demonstrated by Kende
et _al. (1963), and this approach has since been widely applied to
the tissue of higher plants (Dennis et _al., 1565; Zeevaart 1966
Radley 1967; Jones 1967; Reid et al. 19683 Dale and Fillipe
1968). CCC application results in reduced levels of unconjugated
gibberellins and at the same time it increases the levels of the

more polar gibberellins (Reid et al. 1oc.oit=), perhaps a

gibberellin glycoside (Bristow and Simmonds 1968). Thus there

is the possibility that CCC may not inhibit the production of
gibberellin per ses rather it may cause it to be treated as a
toxic product and consequently "detoxified" by the addision of

a glycosidic group, and then stored. Such gibberellin slycosides
have been described although their role in plant growt’ regulation
has yet tc be determined (Murakami 1961; Schreiber et.al. 1967;
Tamura et al. 1968). |

No information has been published on the
relationship between CCC and endogenous inhibitors in spite of -
the fact that an increase in the level of endogenous inhibitors
could account for such effects of CCC as the retardation of shoot
elongation (Downs and Catﬁ? 1960; Guttridge 19663 Knypl 196@;
Dale and Fillipe 1968).
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IT. FIRLD EXPERINENTS TO EXAMINE THE INTERACTION OF GA AND
CCC ON REPRODUCTIVE FRUIT CLUSTER DEVELOPMENT

(1) Introduction

The results of experiments in which GA and CCC
were applied independently to flower clusters indicate that the
relationship between GA and CCC ig an antipodal ocne 3 in
general, the application of GA results in increased berry size
and decreased bterry set, (c.z. Weaver1958; Weaver and McCune
1959za,b, cj Stewart ¢t _al. 1958; Coombe 1959), while the
application of CCC results in decreased berry size and increased
berry set (Coombe 1965, 19675 Claus 1955). These facts are
consistent with the deduction, made from other work,that CCC
may have its effect by inhibiting the production of some
physiologically active gibberellins within the plant (see e.g.
Dennis et al. 1965; Reid and Carr 1967; Radley 1967).

The ability of a grape bherry to increase
in size in response to the application of GA ig influenced to
a marked degree by the extent of seed development within that
berry (Weaver and MeCune 1959a ,b 3 Lavee 1960; Smirnov and
Perelisyna 1965). Why this should be so iz a question which
has yet to be answered. It is all the more intriguing becauss
the response to CCC is independent of the presence of seed in a
berry (Coombs 1965, 1967). In view of these observations it was
decided to examine how concurrent spplications of GA and CCG
interacteld in terms of reproductive cluster development and how
this interaction was altered by the type of ovule development .in

the berry. Lccordingly the tests were done on five cultivars:
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(a) Zante Currant (syn. Black Corinth) - parthenocarpics

(b) Cape Currant (known locally as Tunn Currant) -
parthenocarpic (see Appendix E);

(e) Sultana (syn. Sultanina, Thompson Seedless) -
stenospermocarpicy

(d) Muscat Gordo Blanco (syn. Muscat of Alexandria,
hereafter referred to as Muscat) - seeded;

(e) Doradillo - seedled.

The morphogenesis of Zante Currant and

Sultanina berries has been described by Pearson (1932).

Coombe's (1960) analyses for gibberellin-

like activity in Vitis vinifera berries demonstrated that, in

the cultivars Seedless Emperor and Zante Currant, there was a
marked peak of gibberellin-like activity a week to ten days
after flowering,i.e. at fruit set. With this result in mind
the second series of experiments were designed to examine how
the compounds interacted with respect to time of application,
and in particular to examine how the interaction between GA

and CCC altered with progressively later applications of GA.

Materials and Methcds

Cultivars

Three cultivars were chosen for the
experiments in 1966-7, Muscat, Zante Currant, and Cape Currant.
A further two cultivars,Sultana and Doradillo,were included in
the 1967-8 series.
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Treatments and Design

In the 1966-7 experiments the experimental
design was a 3 x 4 factorial, replicated 10 times. CCC was
applied at rates of 0, 100, or 1000 ppm (w/v), in factorial
combination with GA at O, 0.2, 2.0 or 20.0 ppm (w/v). 411
treatments included 0.075% Agral 60 as a wetting agent, and
were applied azs a cluster dip at one time two or three weeks
before anthesis. The vines ,which were trained to four arms
on a "T" trellis system, were divided into quarters, one per
cordon. The twelve treatments were randomised between three
adjacent vines which were selected for minimal differences
due to irogualities caused by soil type, irrigation, drainage

and other between - vine variations.

In the 1967-8 series the basic design
was a 3 x 3 factorial, replicated 10 times. The concentrations
were CCC at O, 50 or 2000 ppm (w/v), applied in factorial
combination with GA at 0, 0.5 or 20.0 ppm (W/v). Tween 20
0.0S%‘Was included as a wetting agent. The nine treatments
were applied as a dip to single clusters and were randomly
distributed over a single vine. The treatments were applied

over five combinations of application times:

. CCC early, GA early;

CCC early, GA at anthesisg
CCC early, GA late

CCC late, GA early;

CCC late, GA late.

* ©

H U Q W

"Barly" and "Jate" here mean approximately two weeks before and

after anthesis respectively.
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Mezsurements

The clusters were harvested at, or a little
before, maturity and were placed in a cool store until they

were measured, generally within the next ten days.

Fresh weight and length of each cluster
were megsured, anld then the berries were separated into two
groups, seeded and seedless, and counted. The seededness or
otherwise of the berries was determined by holding the berries
up to the light, and checked occasionally by opening some
berries. The presence of any hardened structures was used as
the criterion for seededness, and thus the term as used here
does not necessarily imply the prescnce of viable seeds.
Pedicel length, when measured, was obtained from the cumulative
length of five or ten randomly chosen pedicels. Berry length
and width was obtained from 2 random sample of ten berries, also
measured cumulatively. Refraction of the juice expressed from

these ten berries was measured with a hand refractometer.

Statistical Analvsis

The statistical analysis of the measured and
derived parameters was carried out by the Biometry Section of

the Waite Agricultural Research Institute.,

The 1966~T results were analysed as a two-way
factorial with a total of 119 degrees of froedom. The analysis of
the 1967-8 results was carried out using an extended version of
the Wellesbourne-Waite 'Genstat! programme. The trial was treated

as a split plot analysis, with the differences between the major
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plots (vines) being confounded with the differences between

the time of application combinations. L& factorial analysis

was carried out within the major plots. The only interaction
derived was the first order interaction between GA and CCC.
Thus no "I values were derived for either the first order
interaction of cach compound with the time of application, or
for the sscond orcder interaction of the two compounds together
with time. However it is held that the LSD for the comparison
of means within each major plot is valid for comparisons across

major plots (times of application).
Results

In the following discussion both years results
are considered together where they are in agreements;
differences are then stated and discussed though emphasis is

placed in the 1967-8 results because these were more extensive.

Doradillo

Set:

There was a small but highly significant
rositive response to GA in terms of total number of berries
set when the G4 was applied either at anthesis or two weeks
later. CCC had no significant effect on the total number of
berries set (Fig. 2.7).
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GL applied at z2ll three times caused g highly
significant increase in the percentage of seedless berries set
(Fig. 2,8). At the carly application time this change was due
to the replacement of seeded berrics with seedlegs berries
(Pig, 2.5A & 2,64) the total number of berries remaining
unchanged (Fig.Z,?A). However at the later times of application,
and particularly the last, there was no decrecase in the number

of seeded berries set (Figz. 2.5B8,C & E).

Berry Growths

inalysis of the fresh weight of seeded
berries revealed little response to GA, however CCC applied
either early or late caused a highly significant decrease in
the fresh weight of the berries (Fig. 2.9). It weuld appear
from fig. 2.9C that late application of GA offsets the effect
of an early application of €CC (based on LSD) although the
overall analysis for the interaction between GA and CCC did not

reveal a significant "F" value,

A small but highly significant change in
berry shape (an increace in length/width ratio) was brought
about by GA, especially by early application. CCC had no

effect on its own and 2id not offset the effect of GA (Figa 2.10).

Rachis Growths

The application of 20ppm GA either at anthesis
or at set resulted in a small increase in rachis length (Fig.2e11),

but CCC had no significant affcct.
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Yields

The response of cluster weight to GA
interacted markedly with time of application. The response
shifted from markedly negative with increasing concentrations
of GA at the pre-anthesis application (Fig 2.12A) to markedly
positive at the post-anthesis application (Fig 2.,12C). The
former effect was due to the replacement of seeded berries
with smaller, seedless berries. The latter effect was due to
the setting of more seedless berries without reduction in the
number of seeded berries and to the larger size of these

seedless berries.

CCC had no significant effect on cluster

weight.

(i1) Muscat

©
ot
a8

The application of CCC two weeks prior to
anthesis resulted in an increase in fruit set, This effect
was more pronounced in the 1966-7 experiment in which the
number of seeded berries was increased by 47% (significance
P = 0,001), and the number of seedless berries was increased
by 24% (n.s.). GA at 20ppm increased slightly the total
number of berries set at the late time of application in the
1967-8 experiment, and at 0.5vpm it decreased set in most

experiments (Fig 2.15).
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CCC had no significant effect on the
ratio of seeded to seedless berries set in either year.
GA produced highly significant effects in both years,
although the effects were completely reversed each year.
In 1966-7 pre-anthesis treatments with GA decreased the
number of seedless berries per cluster and had no effect on
the number of seeded berries that set; as a consequence
of this GA decreased the relative number of seedless berries
per cluster (see Fig. 2.1). However in the 1967-8 series
the application of GA at a3ll three times resulted in an
increase in the relative number of scedless berries set

per cluster (Fig. 2.16).

Berry Growth:

The application of CCC at all times
resulted in a large significant reduction in fresh weight
of seeded berries (Fig. 2.17). There was also a slight but
not significant reduction in the weight of seedless berries
(Fig. 2.18). A highly significant reduction in the fresh
weight of seeded berries was obtained from the application of
GA in 1966~7 (Fig. 2.1 ), though this effect was not as
marked in the 1967-8 experiments. Late applications of GA
did however pfoduce a large increase in the sizZe of seedless
berries (Fig. 2.18, 2.21 & 2.22).

Rachis and Pedicel Growth:

Cluster length and pedicel length showed
similar responses: both increased in length relative to
untreated after treatment with increasing concentrations of

GA, and decreased with increasing concentrations of CCC.
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These effects were more marked in 1966-7 (Fig. 2.1). The
interactions, as indicated in the Table 2.1 for 1966~7, are
probably a consequence of the domination of the response by

high concentrations of G4 (See Fig., 2.1).

MAn interesting point in relation to the
physiological differences between a cluster and a tendril
(which have the same morphological origin) is that at high
levels of GA the rachis behaved like a tendril in that it
toughened, coiled, and became thigmotropic. This effect was
noted especially in the first year and mainly in the cultivars

Muscat and Cape Currant.
Yields

GA when applied two weeks before anthesis
caused a marked reduction in cluster weight (Fig. 2.26)
(highly significant in 1967-8, not significant in 1966-7).
But, when applied at later stages, cluster weight was
unaffected. Like Doradillo the reduction in cluster weight
was due to a reduction in the number of seeded berries set,
(2.13) and their replacement with smaller seedless berries
(Fig. 2.14 & 2.18), In both years CCC applied before anthesgis
caused a significantly larger set (not significant in the
overall analysis for 1968-9). However yield was not increased
because the set increase was offset by a reduction in berry
size. When CCC was applied after anthesis, it etill resulted
in the production of smaller berries (Fig. 2°17), but had no
effect on set (2o15); the combination of these two effects
resulted in a reduction in cluster weight as illustrated in
Fig. 2.26. The reduction in cluster weight brought about by

an early application of GA followed by a post-anthesis
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application of CCC appears to be independent and additive,

as was noted in Doradillo.

(i1i) Sultana
Set:

GA had large effects on set which varied
markedly with its time of application; when applied during
anthesis it decreased set but before or after anthesis it
increased set (Fig. 2.27). CCC had little effect on set
except in one time combination (CCC early, GA late Fig,
2.27C) where it increased sets; here there was no

interaction between GA and CCC,

Berry Crowths:

GA when applied during or after
flowering brought about significant increases in fruit
siges the later the treatment the greater the response
(Fig. 2.28). CCC when applied early brought about a
significant decrease in berry weight. An interesting
aspect shown in Fig. 2.28C is that berries treated with
CCC before flowering are less responsive to GA applied

after flowering.

Maturity, as measured by the refractive
index of the berries at harvest was unaffected by all
treatments, except that the highest level of GA at the
late application resulted in a significantly lower

refractive index (Fig. 2.32).

GA increased berry length and the
length/width ratio when applied during or after anthesis,
especially tho former; pre-anthesis GA had no significant

effect on berry shape (Pig. 2.31).



- 22 -

CCC applied before anthesis brought about
a decrease in the length/width ratio of the berries due to a
significant decrease in berry length (Fig. 2.31). This
effect was independent of the increase which resulted from

the application of GA.

Rachis Growth:

Barly application of GA resulted in a
very marked increase in cluster length. Later applications
had lesser effects (Fig. 2.33). No consistent effects were

obtained from the application of CCC.
Yield:

A large positive response to 20ppm GA
was obtalnsd when it was applied post-anthesis (Fig. 2.34C &iE),
bocause more (Fig., 2.27) and much larger berries were set
(Fig. 2.28). The application of 0.5ppm GA at anthesis
reduced cluster weight when compared with either no GA or 20ppm
GA, because the increase in berry weight was in proportion to
increasing concentrations of GA (Fig. 2.28) while the number
of berries set was equally reduced by both 0.5 and 20ppm GA
(Fig° 2.27).

(iv)  Cape Currant

Set s
Cape Currant sets poorly under normal
circumstances. In these experiments it responded well %o

pre-anthesis CCC showing, in 1966-7, a 60% increase in the
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number of berries set in response to the application of 1000
ppm before anthesis (Fig.2.2). The response in 1967-8, thougt
not quite as marked, was still highly significant (Fig. 2.35).
Late application of CCC had no clear effects. The early
application of GA in both years caused & significant
reduction in fruit set. In 1966-7 GA dominated the CCUC
increase, but in 1967-8 the responses were additive. The
comparison of later application of GA in 1967-8 showed no
effect on fruit set when gpplied at or after flowering.
However, a late application of GA apparently had the ability
to offset the effect of an early application of CCC (See Fig.
2.350).

Berry Crowth:

The fresh weight of the seedless berries
was increased by GA in both years and at all times of
application (Fiz. 2.2 & 2.37). In 1967-8 the greatest
response was obtaineld from the anthesis application. In

neither year did CCC have any effect on berry weight.

The shape of the berries as measured by
the length/width ratic was significantly affected only by
the application of GA. The effect was most prominent when
the GA was applied during anthesis (Fig. 2.38), as with

the other cultivars.,

Despite the scarcity of seeded berries and
thus the great variability in this parameter, there were, in
the year they were measured (1966-7), suggestions that they
responded similarly to seeded lMuscat berries: CCC 100ppm
reduced berry weight, and tended to reduce berry length and
width; GA in the presence of CCC significantly increased the
length/width ratio (Fig. 2.3).
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Rachis Growths

GA again had a dominant effect and, as with
Sultana, exerted its greatest influence when applied before
anthesis.s ©CCC application had inconsistent effects though
there was a trend for early application to decrease rachis

elongation (Fig. 2.39).
Yields

Twenty parts per million of GA applied
prior to anthesis in 1966-7 resulted in a yield incresase of
167% (Fig. 2.2)s In 1957-8 anthesis treatment gave a similar
response (Fig, 2.40). Treatment either prior to or after
anthesis in 1967-8 resulted in smaller but still highly
significant increases in yield. The lower increase in
1967~-8 was due to counteraction of the increase in berry
size by a decrsase in berry number (Fig. 2.35); this
decrecase in berry number was not significant in 1966=7. As
discussed above,no effect on berry number as a result of GA
appliocaticn was recorded at any other time, and thus the
effect of GA is primarily one of increased berry size. There
was a trend for an increase in yield following an early
application of CCC. 1In 1966~7 this increase amounted to 90%,
comparing 1000ppm CCC with nil (Fig. 2.2). Though most of
these increases were not significant, there was a significant

interaction of COC with GA (See Table 2.1).
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(v) Zante

In 1966-7 GA significantly decreased the
number of berries set, and CCC significantly increased the
number of berries set (Fig. 2.4). However in 1967=8 no
significant response was obtained to either compound, at

any time of application.

Berryvy Growths

The response of berry weight to GA was
similar to that obtained with Cape Currant except that the
berries were less responsive at the earliest time of
application. Twenty parts per million of GA nearly tripled
the berry weight when applied during anthesis, and nearly
doubled it when gpplied post-anthesis; the early application
resulted in only 50% increase in berry weight. The results
in Fig. 2.42 suggest that a late application of CCC may
offset the effect of an early application of GA though the

interaction was not significant.

GA when applied early caused a small but
significant hastening of berry maturity as indicated by juice
refraction (Fig. 2.44); this is interesting because it
occurred despite an increase in cluster weight. When GA was
applied either during or after flowering it produced a
significant retardation of maturity rate, especially with the
latest application. CCC when applied early showed a trend
towards bhastening maturity, but, when applied late in association

with a late application of GA, the rate of maturity appeared to
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be additively reduced (Fig. 2.44B). When the CA was applied
early it apparently dominated and overcame the Fetarding

effect of a late application of CCC (Fig. 2.44D).

The only consistent effect on berry shape
was an increase in the length/width ratio produced by GA.
This effect, as in Bultana and Cape Currant, was most marked

when the GA was applied at anthesis (Pig. 2.43).

Rachis and Pedicel Growth:

GA increased cluster length (Fig. 2.46),
early treatments being the most effective, The only effect
of CCC appeared to be in the ability of a late application
to offset to a marked degree the response to an early

application of GA (Fig. 2,46D).

The response of pedicel elongation was
closely similar to that of rachis elongation, with the
exception of the interaction just mentioned (Table 2.1
Fig. 2.45).

Yields

The cluster weight responses were very
similar to that of Cape Currant with G4 again being the
dominant facto:.A The maximum Pesponse was obtained when
GA was applied at anthesis, aIthugh hearly as good a result
was obtained by late applicaﬁidn. The main component of the

yield response was berry fresh weight,

The overall analysis for GCC 'in both 1966-7

and 1967-8 revealed no significant yield Tresponse.,



Fig., 2.1

Muscat 1966-7

GA and CCC applied in factorial combination

two (2) weeks pre-anthesis

Cluster parameter: as per legend

GA concentrations: as per legend

CCC concentrations: Cppm . _ .

100ppm o_____ o

1000ppm A _____A

Vertical lines represent LSD at P= 0.05 for

each compound where significant. Asterisks

denote the level of 'F' ratio significance,

thuss *P=0.05, *¥P=0.01, **%¥P=0,001.
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(4) Discussion

Fruit set is congidered by many authors
to be that process which results in fruit developmenty
retention (non—abscission) of the ovary is thought to be
consequential to this. Substantiation of this point of view
has come from a number of experimental observations in
which the process of development has been separated from
abscission: GA and auxin treated ovaries may be retained
but fail to develop (e.g. Weaver and McCune 1957, 1959%9a & b),
and development has been induced in abscissed ovules
(Leopold and Scott 1952), Thus a berry which has been
retained and bkas begun to grow is regarded as having set.

The further development of the fruit to maturity is often

considered separately.

There is ample literature suggesting
that in many fruits both pollination and syngamy are
processes essential to setting (e.g. Massart 19025 Luckwill
1957; Coombe 19603 Jackson 1966). Fruits that set without
pollingtion (vegetative parthenocarpy) are exceptions to

this concept,

; The processes that are especially correlated
with pericarp expansion, namely endosperm and embryo
development, also play an important role in set. The work
of Marré (1948) illustrates this point in that he was able to
demonstrate that a perfect-seeded fruit was able to draw
nutrients from a parthenccarpic fruit in close proximity to it.
Nitsch et al, (1960) made a similar suggestion with reference
to grape flower clusters. Further, since it has been suggested
that one factor limiting fruit set is the level of available
nutrients (Coombe 1960), it may be supposed that berries in

which ssed development is occurring will be set preferentially.
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The results of the present investigations
are discussed in relation to these concepts of fruit

development,

The relationghip betwsen GA and
fruit-set is poorly understood, and is clouded by the
induetion of parthenocarpy in seeded cultivars (Weaver and
MeCune 1959a & b, 1962; Cranc 19643 Zuluaga and Lumelli
1966; Zuluaga ot _al. 1968)e A reduction in the number of
berries on certain secdless cultivars has been Gocumented
(Weaver and MoCune 1959c; Lymn and Jensen 1966; Mosesian
and Nelson 1968; Christcdoulou et al. 1948). In the present
inves tigation GA application often resulted in an increase
in the total number of berries set on seeded cultivars,

This effect was most pronounced in the cultivar Doradillo
(Fig. 2,7)5 in which the later the treatment the greater

the increase in set, Previous invegtigators have often
overlooked this effect and have concentrated on tho more
spectacular reduction in seededness. Pre— or post-anthesis
applications gave sot'increases in SuXtana thoush no

increase in set was noted in either of the two parthenocarpic
cultivars, Zante and Cape., Anthesis application +to Sultana
and pre-anthesis application to Zante or Cape gave reductions

in set,

Post-anthesis applications of GA have
less effect on seed development than nre—anthesis applications
(though the effect is still merked in Muscat), but are much
more effective in stimulating the growth of secdless bherriecs
(Fig's. 2.13, 2.28, 2.37, 2.42). It seoms reasonable to
suppose that the increase in set of seedless berries is
related to this stimulated growth and concomitant increase
in the ability of these berries to attract nutrients without

detriment to thoss berries that have already commsacul to grow
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actively. Other examples of GA-induced setting of

parthenocarpic fruit have been cited by Crane (1964).

The set incrzase brought about by a
pre—-anthesis application of GA on Sultana is difficult
to explain since it is known that applications at this
stage of development induce atrophy of the embryo sac
tissue (Nishitani et al. 1968), and thereby preclude the
occurrence -of syngaxy in at least one portion of bhe berries.
At the concentrations of GA used pollen germinability is
probably not limiting (Weaver and McCune 19603 Nishitani

et al. 1968).

Decreases in set have bheen varyingly
degcribed as being due to a reduction in pollen germination
(Wéaver and McCune 1960), interference with ovule
development (Watanabe 1963a, cited by Sachs and Weaver
1968, 1963b; Smirnov and Perepelysina 1965; Nishitani et _al.
1968), and unbalanced development within the ovary (Mosesian
and Nelson 1¢68). It is noteworthy that pre-anthesis
applications reduced set in the two parthenocarpic cultivars,
but that only when applied at anthesis was GA effective in
reducing set in Sultana. This suggests a different mode of
action in each case., Most attention has been paid to
Sultana and it has been found that time of application is
critical and GA is only effective in reducing set for a
short time during anthesis, This period may coincide with
the time between anther dehiscence and syngamy. 4An alternative
but less direct explanation than those already cited for this
effect may be that a group of berries (pollinated ?) may be
more responsive to gibberellin and begin to grow very rapidly,
thus depleting a limited supply of organic nutrients. This
would result in the starvation of the less responsive group
and subsequently in their abscission (Sachs and Weaver 1968,
have noted that berries treated with GA regpond within 24 hours)u
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Reduced set in Zante cannot be
explained in terms of impaired ovule development since
this cultivar does not uupend on the presence of a
fecund ovule for sets; it is hcwever, dependent to a
large degree on pcllinatbi n (Stout 1936) and therefore
it seemg likely thet the mode of action of GA may be

-

through rsduced pollen viability.

The effect of GGC is to increase
set regardless of the cultivar (Coombe 1965, 1967).
This universal effect is regarded by Coombe (ners.corm, )
as being a response to an increase in tha level of
nutrients available to the cluster. Support #sr this
bypothesis comes from the interaction between tims of
application of CCC and set: OCCC applied early increases
set and it also decreases shoot growth and this corresponds
with a time when the cluster's capacity as an active 'sirk'
is declining (Hale and Weaver 1962); CUC applied at seot

has no sffect on the degree

I'sTal

of set, though it still reduces
berry sizc. Further Ccombe (1967) has shown that CCC
ied at anthesis has little effect on set. Thus the
prime effect of COC would appear o be the retardation of
growth and there is probably a concomﬁitant reduction in

the demand for nutrients. This demand is probably expressold
both between the sinks external to the cluster and the

cluster; aad beitwesn the developing ovaries within the

cluster. That is, C0C treated berriss would by this bhypothesis
have a lower demand Tor nutrients ag well as having more

nutrients availakle tc them.
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M interesting conclusion from these
results and the obscrvations of others (Weaver and MeCune
1959a; Zulusga ¢t al. 1065), is that a pronounceld mutual
antagonisi exists betwesn the presesuce of sesd and the
effect of GA application on berry weight. Pre-set

pplication of GA reducss seed development, but the seseded
berriss that survive the GA treatment show little weight
change in response 1o the application of this growth
.

regulator (the only excepticn was the reductiscn in weight

e T

of secded Muscat berrics cbserved in 1966-7, Fig. 2°1).

Coombe (1965, 1967) observed that
berry size is reduced by sarly applications of CCC. LCC
treatment of the secded cultivars redusced bsrry size in
svery experiment; that is, the effect was independent of
the ftimes of application used hers. It seems inconsistent
that no response can be obtained from the application of a
promoter (GA) while sige is reduced in response to a
supposed inhibitor of the synthesis of that promoter. Thus
either gibberellineg are normally not Iimiting growth in
seeded cultivars but arc none the lesa cssential, or CCC

acts in some other way.

Cape Currant and to a lesser extent
Zar¥z Currant were the only cultivars that were enlarged by
pre~anthesis treatment with GA; 1ittle responsc was obtained
from this treatment on the other cultivars and this agrees
with publishcd data (Weaver and McCunc 1559a & ¢; Zuluaga
and Lumelli 1966). From Tahle 2.2, which summarises the
absolute and relative responses to G4, it can be seen that
the cultivars fall ifto three groups: Group I, seeded
berries of Muscat and Doradillo, which show littlec or no
change in weight in responsc to GA at any time of applicationg
Group II, scedless Muscat and Sultana, in which berry weight

is increased to the greatest extent by GA applied at sets



and Group III, Zante and Cape Currant, in which the
anthesis application of GA is the most effective in
increasing berry weight. The time of optimum response to
GA application for Zante and Sultana has been noted by
Weaver and McCune (19590), but no explanation was offered
for it. In the context of this more comprehensive
investigation it is evident that responsiveneszs is

2
related to the degree of seed development., It is clear

that the action of GA is largely repressed up to anthesis,
It is probablc that this repression is relieved by the
process of anthesis, either by a ldecrease in the level

of the inhibitor or by an increase in tho level of a
specific relieving compound. he lack of response of the
Group I berries énd the shifted response curve for the
Group IT berriecs may be explained in either of two wayse
either sufficient gibberellin is synthesised endogenously
after syngamy so that it docs not limit growth, or GA
action remains repressed as long as seed development

continues.,

It is clear that G4 influences berry
elongation (e.g. Weaver and MeCune 1959a & ¢). All
seedless herries treated with GA have elongated more than
normal. However only one seeded cultivar has been

documented as respondings Weaver and McCune (1959a)

obgserved that Muscat berries treated with GA were elongated

and this has been confirmed by this investigation. The
effect of GA was to cause a redistribution of growth - the
longitudinal amis was expanded and the equatorial axis was
decreased (Fig's. 2.1, 2.23 and 2,24). In important

supplement to this information is the observation that

seedless Muscat berries show essentially the same qualitative

response as the seeded berries. In all cases where increases

were noted they were greatest when the GA was applied at

anthesis.
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Table 2.2
The effect of stage of development on the response of
berry weight to the application of 20ppm GA.

Cultivar and 1 Change in berry weight
seededness .§;;:££¥£:;;s Inthesis  [Post—anthesis
g g. % g. | % g- %

Doracdillo 3.77 | +.08 |+ 2.2[+ ,05| + 1.4 - .08{- 2.2
seeded

Muscat 4,48 | +.07 |+ 1.5|+ .24 + 5.3 = .12|- 2.8
seeded

Muscat 1.68 | —=.08 = 4.5|+ 12| + 6.9 + .79{+ 46.9
scedless

Sultana 1.98 | =.08 [= 4.+ 91| + 46.2 + 1.45|+ T73.2
(steno-

spermocarpic)

Cape Currant +60 | +.91 |+150.0{+ 1.29| +204.Q + .77|+128.0

(partheno-
carpic)
Zante Currant .32 | +.16 |+ 52.2|+ 1.08[ +343.0, + .61({+194.0

1¢ Mean untreated weight at harvest

The degree of elongation in response 1o
an anthesis application of GA besars no relation to the presence
of seed or the normal L/W ratio (Table 2.3). The responses
fall into three groups: sceded Doradillo berries which show a
small but significant increase; Muscat seeded and seedless,
Sultana and Zante, all of which respond equally (approximately
a 15% increase), and Cape which shows a 38% increase in L/W in
respongse to 20ppm GA. It can be seen that these groups are

unrelated to the berry weight groups discussed above,



Table 2.3
The offect of GA applied at anthesis and CCC applied

pre—anthesis on Length/Width ratio of berries.
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Cultivar and seededness AL/ | aL/w A L/w LSDy o5 ‘

20ppm i1 2000ppnt

GA . CCG
Doradillo, seeded +0,02 0.97 0,00 0.01
Muscat, seeded +0,17 1.11 -0,02 0,03
Mascat, seedless +0,14 1.11 +0.02 0.04
Sultana +0,20 1.23 ~0.05 0.03
Cape Currant +0,40 1.05 ~0,03 0.04
Zante Currant +0.16 1.02 -0,01 0,02

i

CCC significantly reduced the L/W

ratio of Sultana and seceded Muscat berries. It was mo
effective in this regard on Sultana but only when appl
pre—anthesisg post-anthesis applications were without

effect (Fig. 2.23 and 2.31).

st

ied

Weaver and McCune (1959&) observed

that the most elongated Sultana berries were produced

by

anthesis applications of GA. This result has been confirmed

in this investigation and the generality of thie statement

extended tc include Cape Currant, Zante Currant and Mu

Coombe (1960) and Harris et al. (1968) noted that coll

scat.

division occurred in the pericarp only for a short period

after anthesis. That GA is most effective when applied

shortly before or concurrently with this cell division

indicates that GA may affect berry shape by increasing

cell
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division in the polar regions of the berry, relative to that
in the equatorial regions. It may be relevant that Sachs
(1961) demonstrated the ability of G4 to influence the number

of cell divisions occurring in apices of Samolus and Hyoscyamus.

Important practical implications were
seen to arise from the observation that clusters treated
with GA approximately two weeks prior to anthesis were
elongated (Alleweldt 19593 Rives and Pouget 1959; Weaver
and McCune 1959a, b & c, 1962)° These authors reasoned that
elongation of the rachis and pedicels would allow hettgr
aeration of the clusters and thus reduce the likelihood of
damage due to moulds, This treatment has proved impractical
due to the deleterious effect of GA on flower initiation in
many cultivars (Weaver 19603 Julliard and Balthazard 1965;
May pers. comm. ). Sultana does not display this GA reduction
of tlower initiation but cluster compactness is not as
serious a problem in this cultivar as in some of the seeded

cultivars,

The observations of this investigation
demonstrate that in all the cultivars tested, GA application
resulted in increased rachis elongation, while in two,

Muscat (Fig. 2.1) and Cape (Fig's. 2.2 & 2.39), rachises were
significantly shortened by the application of CCC pre-anthesis.
This substantiates the possible role of GA in the control of
rachis elongation. An important observation and one also noted
by Weaver ancd McCune (1959a) was that the application of GA in
quantities greater than 20ppm tended to produce rachises that
were coiled, toughened and thigmotronic., Since tendrils and
reproductive clusters of Vitis originate by divergent
development of the same structure this result may have some

bearing on the physiology of tendril growth.
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Weaver and McCune (1957, 1959c) have
noted that the effect of exogenously applied auxin and GA
on maturity of grapes appears to be related to the fruiti
load carried by the vine, Observations in this investigation
support the proposition that vine shoots grown under
Mistralian conditions can sustain load increases up %o
approximately 10 to 15% without deleteriocus effects on

maturity (Antcliff 1967),

Yield per vine consists of a number
of componentss number of clusters, number of berries per
cluster, thc relative number of seeded and seedless berries,
the density of the berry (sugar content) and the volume of
the berry. fn examination of Table 2.1 reveals a tendency
for homeostacy in cluster weight. An increase in the
number of berries is offset by a reduction in berry size and

vice~versa. If the chemicals are applisd at a time when the

number of berrics set cannot be influenced (e.g. post—
anthesis application of GA to Sultana) then the level of
sugars at harvest offsets to a degree the incrsase in size
of the berries. This tendency is a major factor limiting
yield increases in response to the application of exogencus

growth regulators.
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(5)Conclusions

The results provide evidence for
the following generalizations regarding cluster growth

ag influenced by gibberellin:

(a) CA is involved in the process
of fruit set and exogenous treatment may,
depending on stage of development, type of development,
time of application and concentration, increase or decrease
fruit sets

(v) GA is at least partly responsible
for the ex%nsion of the pericarp, but may uct be limiting in
the presence of seed;

(¢) GA is responsible for the
extension of the longitudinal axis of the berrys

(d) GA influences in a positive

way rachlis and pedicel elongation,

Further, the effects of GA and CCC
are generally opposite. This is consistent with the
hypothesis that CCC lowers the level of endogcnous

gibberellins in these tissues.
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ITT. GIBEERELLIN.LIKE AND ABSCISIC ACID-LIKE COMPCUNDS IN
GRAPE OVARTES (AND POLLEN), AND THE EFFECT OF THE
APPLICATION OF CCC.

Introduction

The presence of gibberellin-like activity
within extracts of grape ovaries has been demonstrated by
Coombe (1960, 1966) and Veaver et ol. (1965). Coombe (1960Q)
showed that in the cultivars of Seedless Emperor and Zante
Currant (Blauk Corinth) there was a marked increase in the
level of promotion in crude extracts of fruit taken at the
setting stage. Weaver ot al. (1965) demonstrated that seeded
Tokay had morc activity than seedless Tokay berries. Their
results alsc indicated that ringing (girdling, cincturing) of
the trunk of Zante Currant vines resulted in an increasec of
the level of normal acidic gibberellins in the fruit. Thus
it would appear that the berry's content of gibberellin is
related to its ability to grow, and also probably to its

ability to set.

Al though abscisic acid (ABA) has been showm
to be present in 2 number of fruits (Ohkuma et_al. 1963,
Cornforth et al. 1966: Milborrow 1967; Pieniazek et al.

1967 Rudnicki‘et al, 1968)3 its preseunce in developing

rr—"

ovaries of Vitis vinifera has yet to be demonstrated.

Rudnicki et al, (1ooocite) rostulate that the ABA is involved in
the process of fruit ripening. It is also probable that ABA is
intimately associated with the processes of flowering and fruit
set sincc these processes involve the abscission of a number of
organs (namoly; the onerculum, calyptra or caps and the anthers).
It may also be involved in the shscission of those ovules that
fail %o set (Ohkuma et _al. 1963).
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The relstionship betwsen endogenous

gibberelling and ABA has yet to be studied, although Monselise
et al. (1967) have demonstrated that an inverse relationship
exists between the /i Inhibitor (probably ABA) and auxin levels
in a number of citrus tissues. Also the initial work on
dornancy in Acer suggests that an inverse relationship may
exist between gibberellin and ABA (Robinson et _al. 1964).
The role of abscisins in plant growth, as distinct from

dormancy and abscission, has yet to be ascertained,

It has been established that the
applicaticn of CCC to plants generally results in a decrease
in normal gibberellin~like activity (e.g. Dennis et al. 1965,
Zeevart 1967). Dennis et al, (loo° cit.) showed that the CCC

inhibition of gibberellin was not related to the mechanism of
action of the other growth retardants (e.g. Amo 1618 and

Phosphon D), and Reid et al. (1968) and Bristow and Simmonds (1968
have shown that unusual gibberellins are procduced in tissues
treated with this growth retardant. Thus the exact nature

of the relationship betwsen CCC and endogenous gibberellins

remainsg to be clarified.

No information has been published on the
effect of CCC application on ABA or related compounds in
spite of the possibility that an increased level of this

type of compound could account for many of the affects of CCC.

(2) Materials and Msthods

Cultivars of crape used

Three cultivars were chosen to span the
range of ovule development: Doradillos (perfect), Sultana

(stenospermocarpio), and Cape Currant (parthenocarpic).
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The Doradillos and Sultanas were part of a commercial planting
in the Waikerie Digtrict of South Australia. The Cape Currants
were growing in Alverstcke Experimental Orchard at the Waite

Institute.
Treatment

Vines treated with CCC were compared with
untreated vines, and samples were taken at random from two
treated rows in the commercial plantings and compared with
random samples taken from two neighbouring untreated rows.
Por Cape Currant an A.B.B.A. design was used along a single
row, ten vines for each treatment, CCC was applied as an
aqueous solution at 300 ppnm (W/v) plus Tween 20 at 0.05% :

cover sprayed approximately 2 weeks before anthesis.

Sampling

Flowers or berries were sampled at five

timegs

(i) Just prior to treatment i.e. about 2 weeks before
anthesis;

(ii) Cne week later when the calyptrae were yellowing
but had not commenced abscission;

(ii1) One week later, at anthesis}

(iv) Ten days after anthesis whon the setting abscission
was at its peak rate and rate of cell division was
probably high in set berries;

(v) Two weeks after (iv), estimated to coincide with
mgximum rate of cell expansion in the first growth

phase,
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Samples (i)to (iv) consisted of forty
clusters selected for equality of stage of development.
Sample (v) was of twenty clusters. The sampled clusters
were placed in plastic bags in an ice box. .s soon as
feazgible (usually two hours for those sampled at Waikeris
the clusters were deep frozen, and storeld at -15°C until
they could be lyophylised. Prior to lyophylisation the
berrics or flowers were separated from the stems. Sample
(iii) was gieved to separate pollen from the ovaries.
Fresh and dry weights of cach sample- 3: s measured. Sample

(iv) of Sultana was degitroyed when the lyophilizer over-
heated. At maturity samples were takken to ascertain the

effect of CCC on set and pericarp development.

Extraction and purification

, The procedure followed was as indicated
in Fig. 3.1. The procedure was developed after the work shown
in appendix A; it was selecied for its good recovery of
activity and the clear separation of the inhititor from the
promoters and for its repidity and simplicity 2s it permitted

a relatively large number of samples to be handled at one time.

1.0g d.wt, samples were grocund in 20ml of
98% Methanol (MeOH) in a glass homogenizer (Kontes). This
and all gubgequent stages $ill the final rotary film evaporation
were carried ouv in a cocl room at 3 - 500° The resultant
sugpension was washed into a centrifuge tube with a further
30ml and then centrifuged at 3000 rpm for ten minutes. The
supernatant was poured off, the residue taken up in a further
50ml of solvent and then shaken on a reciprocating shaker for 4~5
hours. This was then re-centrifuged, the supernatant decanted
and the residue again shaken overnight in a further 50ml of
98% MeOH. The following morning the final centrifuzation was

carried out and the supernatznts bulked. The residue was discarde



DEAR Sephadex (4 25) columns were
prepared by rinsing Sephadex (Zg d.wt. per column), with
digtilled water (100ml/g) in a large Buchner funnel, The
gel was washed with 0.5N¥ NaCH (approx 25ml/g) first under

a slight vacuum and thean allowed to drip through unaided.

The Sephadex was then washed with
distilied water until the washings were neutral and dehydrated
with a wash of absolute methanol., Finally the resin was

rquilibrated in 98% leCH in the cold overnight. An

D

¢l

appropriate portion of the bulk resin was poured into a
2.5 cm glass column,(ﬁotal cepacity »2Lprox.. Ym.eq.). Prior %o
adling the extract, the resin in the column was backwashsd to
eliminate air,

The procedure was scaled down where pollen
was used. 200mg d.wt. of pollen were ground and extracted
in 15m1 of MeOH (98%) and rinsed with a further 5ml. The
combined supernatants (initial extraction plus 2 washings)

\
were placed on a 1g column (1.0cm).

The extracts were added to the top of the
colums and allowed to filter through wnder gravity. The
extract was washed through with a further 50mi (30ml for
pollen) of solvent to give a neutral fraction which was
discarded. The column was then washed with 200ml (100m1)
of 002 — saturated solvent. Excess €O, was removed from the
column by passing 75ml (50ml) of neutral solvent through, This
combincd fraction was desiznated the weak acid fraction and
contained phenolics and those pigments which were not removed
by the neutral washings. This fraction was also discarded.
The strong acid fraction obtained by passing 75ml (30ml) of
solvent plus 4%:formic acid through the columm contained the
biologically active components., This fraction was dried in
a rotary film evaporator at 3OOC and the residue dissolved in

1.0ml of absolute MeOH.



Fig. 3.1 Flow diagram of extraction technique

For further explanation see text
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Fig. 3.1

FLOW DIAGRAM OF EXTRACTION PROCEDURE

1g d.wt. homogenized in
98% MeOH at 3°C,

Centrifuged at 3000 rpm and

. o)
re~extracted twice at 3°C,
H
| |
| Digcard residue.

Pass through Sephadex A25 (OH“)
previously equilibrated in 98%
MeOH/Hzo at 3°C,

¢

! )

i
98% MeOH 4% in

98% MeOH 98% MeOH with co,

Neutral fraction. Weak acid fraction. Zformic acid. Strong
j acid fraction,
! | |

Discard. Discard. Dry down under

vacuum in a rotary
film evaporator at
30%.

f
Thin layer chromato-
graphy. Silica gol
H. 85/15/1 CHC1
E+OH: lHC_OOH.

38

Dry under air stream for 2 hrg, and
then divide into 15 strips and assay

with barley endosperm bioassay.

1
i

add 10‘8 GA
: | 3

Promotion Inhibition
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Thin-layer chromatograms of approximately
O.3mm thickness were prepared from silica gel H (Merck) on
5 x 20 cm glass plates. The layers were divided into two
strips by scraping a line up the middle, and the origin and
front marked 15 cm apart (See Plate 3.1)e Twe spots containing
1C0mg d.wt. equiv, orf herries (O.1ml) or 20mg of pollen
(O.Zml) were applied on to eash of two plates i.e. four for

each extract,

The plates were run in two lots in a
solvent of composition, 85:15:1, chloroform: dthanols
formic acid. The runs were split on the bagis of replicate
plates. In general the second replicates were not spectted
until two days after the first. After rmning, the plates
were dried under a faun for two hours (Skene ners.comm, ).
The plates were then marked into 15 x 1 om sections except
the first which was 1.5 cm and included 0.5 cm below the
origin. The 15 sections of the chromatograms were scraped
into 2" x 1" vials. One side of each plate was asgsayed for
promotion and the other was assayed for inhibition using the
barley endosperm bioassay (Hichols & Paleg 1963: Coombe

et al. 196§).

Recovery with this method was judged to be
complete within the limits of accuracy of thie bioassay (See

Appendix A).

Bioassay procedures

Barley seed (cv,!'Prior! ex Queensland) was
Prepared by soaking for three hours in 50% HZSO4 then shaking
vigorously in water to remove husks, first in distilled water
(10 rinses), and then in autoclaved distilled — deionigzed

water a further 10 times. The seed was then soaked in deionized
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water at 3°C for 21 hours, after which it was cut on

gterilized brass blocks as described by Coombe et al.

(1963).

The incubation mixturs for the.rpromoilon
assay consisted of 0.5ml of 0.01M Phosphate buffer pH4.0
(autoclaved), plus 0.5ml autoclaved distilled - deion}zed
water, In the assays for inhibitors 0.5ml of 2 x 10—6 g/ml GA3
replaced the water. ¥ach assay included three replications
of standard solutions. Concentratisons of GA3 (Merck 97%)
weres 0,03 10‘103 10775 10‘8; and 1077 g/ml. ABA supplied
by the American Tohbacco Co, was used as the standard in the
inhibition assay and congisted of a mixture &£ 1:1 trans-—
trans ¢ cis-trans ABA., Concentrations of 0.0; 10-9; 10—8;
107" ana 10—6 g/ml based on a total composition of the ABA

wore used (See Appendix A).

The assays for promotion and inhibition
were run on consecutive days, each assay including a
chromatogram spotted with O.1ml methanol, and +totalled 195
vials. Two endosperm halves were added to each vial; the

vials were then capped and incubated at 3000 for 42 hours.

The contents of each vial were diluted to
10ml with distilled water, and a 9cm No.1 filter paper cup
placed in the vial, The refractive index of the solutions was
measured with a Waters digital differcntial refractometer.

This method was adopted following work done by Coombe (pgps.
comm. ). The refractometer was modified by shortening the

flow lines to reduce the resistance, and connecting the effluent
line to a water vacuum pump to enable quick change of the

samples sucked from each vial via polythene tubing.



Plate 3.1 One replizate of Sultana extracts after

thin-layer chromatography
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It was found that with this method one person could read two
vials per minute. Distilled water was used in the reference
cell., Meagsurements were made at intervals on distilled
water and these were subtracted from sample readings to give

the parameter A refractiee unit (ARU),

Statistical analysis of results

The first analysis carried out was the
estimation of the confidence limits at the 5% level of
probability which were calculated from the values of ARU
for each MeOH plate to establish which roadings on the TLC

sections were significant.

In order to compare treatment effects en an
analysis of variance was carried out in the following manner:
ths plates were divided into three arcass area I fractions
1 - 55 area II Practions 6 - 10; area III fractions 11 - 15.
Within these areas the highest value (lowest in the case of
inhibition) was selected, and analysed., Thus the analysis
included eleven treatments, three areas, two replications,

In the case of the inhibition analysis only areas II and III
were compared., In the analysis for promotion’area ITT was
used as a nil comparison and in the inhibition analysis area
IT was used as the comparison. The analysis was run both
unlogged and transformed to loge° It was decided to use

loge because it gave a more linear variance.

An analysis of wvariance was carried out
on the inhibition data from the threc cultivars for sample

times (ii) to (v) %o compare CCC and nil treatments.
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Bvaluation of the Effect of CCC on Cluster Development

Ten clusters were sampled from each of
six representative vines for each treatment. The whole
sample was used in the determination of cluster weight and
length., The clusters were then separated into a number of
pieces, and berry number was determined from a weighed
sub—sample equivalent to about one tenth of the whole. A4
further sub-sample of 100 berries was used to estimate

berry weight, length, width and sugar.



(3) Results

(i) Bffect of CCC on fruit set and borry gize (Tab¢v 2.1 &
Berry fresh weight was reduced in CLU
trested berries in both Cape Currant and Sultana. Cluster
weight and number of berries per cluster were higher in
both these cultivars, but this effect was only aignificant
in Cape Currant. Doradillo was not sampled, but Goombe
(1967) has demonstrated that thig cultivar responds to CCC

in a manner similar to other cultivars (see also Sectiom I,

this thes‘is)°

(ii) Gibberellin-like activity

The results (Fig. 3.2) show there wers
four zones of prometive activiity - promoier I at RM CA .25,
promoter II &t RMG = 0.6%5, promoter III at RMGA = 1. éO, and
promoter IV ?JG % 95, Results for promeoter I should be
treated with ca 1%1on due to the wide differcunce thal exists
between the twe replicates (Fig. 3.2)e It is considered
that breakdown of this compound ccourred between the time
the two replicates were asgsayed because littie activity was

present in the second replicats.

Promoters I, III and IV were evident in
Cape Currant extrasts (Fiz. 3.2). ‘The total activity of
promoter IIT was similsr to that of promot.r I and no
significant change in activity occurred during the period
for assay for either compounds (Fig. 3.4)e A third area
of promotion (promoter IV) which ran glightly ahead of the
inhibition wag evident in the majority of the Cape Currant

extracts (Ses Tig. 3.2).

3.2)
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Table 3.1
Cape Currant: The effect of CCC on cluster development

at maturity, on vines that were sampled in the analysis of the

effect of CCC on endogenous growth regulators

i Parametar Wil | ole E Level of
i | 1 significance
i ! l i
| | 3
} Cluster weight ¢ 93 1 150 E 0,01
|
E Cluster lsngth cm 15.9 16.3 E No &,
i !
No. of berries/cluster] 192 368 0.001
Perry weight ¢ ¢ (0. 432 l Ca.41 ! 0.05
Sugar (ref. index) 20.3 1 19.1 1.5,
i :




= i
Table 3.2
Sultanas: The effect of CCC on cluster development at maturity,
on :vinoas that were sampled in the analysis of the effect of

CCC on endogenous growth regulators

Parameter Wil | CCC i Level of }
significance |
]
Cluster weight g ' 496 532 Ne Se
Cluster length cm 21.3 20.8 N Ss ‘
No., of berries/cluster 271 309 NoSe
1 |
_ : = 1
Berry weight ¢ 2.00 1.75 i 0,05
| | L
Table 3.3

The level of the ABA~like ccupound present in grape extracts
and the effect of CCC applied two weeks pre-anthesis

(averaged over the three cultivars)

CCo i Sampl !
ppm | 2 | 3 4 | 5 | lean
— : — e e e e .!'—‘ SIS --_..-.;-- PP T———
300§ 1.8470 | 1.790 | 1.836 | 1.952 | 1.858
0 1.820 | 1.843 | 1.830 |2.118 | 1.910
) Co | *
moon 10833 1.817 | 1.834 12,035 | 1.844 |

1 = 1n Refraction Units

Difference between sampling times is significant P=0,001,
LSD”05 =0.075

Difference between treatments (CCC) is significant P=0.1,

LSD, ;= 0,087
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Twe areas of promoticn were evident in
chromatograms of Sultana extracts, and these correspended
to promoters II and ITI (Fig. 3.2). Promoter II tended to
increase with time though this tread was not sgignificant
(FMig. 3.5) Promoter III showed a swall, insignificant

incroasge in concentration at anthesis and declined thercafter.

Chromatograms of the cultivaer Doradillo
showed two significeant areas of promotion corresponding to
promoter IT and vromofer III as in Sultana (Fig. 3.2).
However, unlike Sultang highly significant changes in

activity were revealed at the different zampling tinmes

K75
.

(Fig. 3.6); cromoter II increaged in activity up to anthesis
and declimed thereafter. The zmount of promoter IIT was
sreater (P=0,001) at the second and third sampling times

_ ] &

than at any cther tims.

Promoters I, IIT and IV were prosent in
Cape Currant anthers (Fig. 3.3)g but only promoter IIT was
cvident in trested and untreated Sultana (Pig. 3.3)$ and

untreated Doradillo anthers (Fig. 3.3).

(iii) Abgeigic acid-like activity

A single area of inhibition (RMAJ 1.0)

BA
was pregent in all chromatograms agsayeld, There was a
significant decline in inhibitive astivity after anthesis in
11 cultivars, At the first sample time Cape Uurrant had a
lower activity than the other two cultivars. Doradillc had a

renerally higher concentration (significant P = 0.05),

particularly at fruit set (Figz. 3.8).
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(iv) EBffect of CCC

The application of CCC had no significant
effect on the level of extractable gibberellins in developing
flowers and ovaries, ngf?dii it have any significant effect
on the level of gibberellin in Sﬁlténa and Oape Currant
anther extracts. But it had a remarkable effeét on the level
of gibbercecliin-like activity in both replicates of Dorédiilo
anthers (Fig. 3.3). The activity was spread throughout the
chromatogram, although there was an indication of several

overlapping areas.

CCC treated Doradillo ovaries exhibited
a higher level of inhibition (P=0.05) at the final sampling
time (Fig. 3.6). A similar trend existed in the other
oultivars (Figs. 3.4 & 3.5), and while thig was not significant
in the analyses for Sultana and Cape Currant, the overall
analysis (Table 3.3) shows significance at the P=0.1 level

of probability.

The level of inhibition from anthere was
unaffected by the CCC treatment, but it is probable that the
magnitude of the promotion in Doradillo anthers would mask

any increase in inhibition,.



Fig. 3.2

Chromatography of extracts

L.H.S. Assay for gibberellin~like substances
R.H.S. Assay for ABA-like substances (in the
presence of 10-8g GAS)

Horizontal lines represent the Rf of GA3 and
ABA respectively.
In AR.U. = log;e change in refraction in

arbifary units above distilled water.

The samples are extracts of ovaries collected
from untreated vines at anthesis (a,nthers

separa‘bed) 5

The horizontal dotted lines represent the LSD
(P=0.05) calculated from the mean of two
chromatograms spotted with O;1ml methanol

and assayed (Le.H.S. plus water, R.H.S. plus
10-8g GA3).
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(4) Discussion and Conclusions

The suggestion that greater biosynthesis
of gibberellins in seeded berries is responsible for the
dissimilarity in size that exists between.sesded and scedless
cultivars is borne out by this experiment, however differences
in detall arec evident between published information and the

data presented here,

A qualitative difference in gibberellin-
like activity was noted between the parthenocarpic cultivar
on one hand and the stenospermocarpic and seedsd cultivars on
the cther. Cape extracts contained two and posgsibly three
promoters (prometer I, ITI and IV), but did not contain
activity in the region of promoter II. Sultana and Doradillo
did not give any evidence for the presence of cither promotes
I or IV, but contained promoieérs II and ITII. The difference
betwsen the latter two cultivars was quantitative. Weaver
and Pool (1965b) reported gualitative differences beiween
seeded and seedless cultivars, but there is no clear
relationship between their observations and the above
results. Purther work would be required to determine the

importance of these differences.

The ion-exchange behaviour of the
compounds indicates that they possess at least one carboxyl
group. The polarity of premoter I compares with that of
apricot gibberellin (Appendix i, Table A.1). Promot: zs II
and IIT have an Rf similar to that of the unconjugated
gibberellins: prometers LI behaves chromatographically like
GA8 though this compound has low potency in the barly endosperm
bicassays promoter III is similar in behaviour to GA3° The
presence of significant promotive activity (promoter: IV) near

the solvent front in extracts of Cape Currant suggests the
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presence of a compound with properties unlike that of the
GA1_8 series; it is more mobile with an RMGA‘= 1,95 than
GA4/7 RMGA = 1.4, However it is possible tha% this is due
to the prefence of native refraction. The amount of
rofraction is eeuivalent to 1.5mg glucose, though it could
not be a sugar since sugars do not move from the origin in
this solvent; furthermore, although approximately 10mg

of extract are spotted, the majority of this is composed
of acids, such as tartaric acid, which stay near the
origin of the chromatogram. It is emphasized that this
information by no means establishes the identity of the

compounds mentioned.

Because promoter III was the most
active and was common to the three cultivars, all further
discussion is confined to it. A summation of total
promotive activity was not used because of the almost total
lack of information on the role of unusual gibberellins.
Furthermore the chromatographic behaviour of this promotaer
is similar to GA3, a gibberellin with known activity when

applied exogenously.

Activity of promoter III at anthesis
(Fig. 3.7) correlates well with final berry size, with
Doradillo having higher activity than Sultana, which in
turn was higher than Cape Currant. This result differs
from the data presented by Iwahori et al. (1968) who found
that the difference in gibberellin content of seeded and
scedless variants of Tokay was not in the level of activity
attained, but rather in the duration of that activity. This
difference may be explained in one of three ways; it may be
due to the different methods of measurement, it may be
intrinsic in genetic differences in the cultivars, or it may

be due to a different definition of anthesis.
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The third is less likely but may contribute since in neither
case was sampling precise and the samples were essentially
mixed populations in which differences of as much as two
weeks may have existed in the stage of growth of the
individual flowers in each sample. They also found that

in the geedless (stenospermocarpic) variant the second rise
in activity occurred much earlier than in the seeded
variant. Sampling in this experiment was not carried out
sufficiently often nor for a-long enough period to assess

such g difference.

The changes in concentration of the
ABA~like compound during berry development were as great
as with the gibberellin-~like compounds (Fig. 3.8). Lctivity
was close to maximal at anthesis in the three cultivars.
With Cape Currant, concentrations rose from a low level
two weeks before anthesis to a maximum at anthesis, and
declined thereafter. The same trends were evident in
Doradillo except that the concentrations were generally
higher, and the maximum concentration was achieved at set
(Notes the upper values for ABA equivalents are at or
close to the maximum response of the assay, particularly
the latter, and should be treated with caution - they may
in fact represent higher values). With Sultana the greatest
concentration occurred earlier and declined steadily during
development. Although there are differences in the form of
the curves and the concentration cf the ABA~like compound
at the various stages of development it is difficult to
connect these dissimilarities with cluster differences in

the three cultivars.
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It is possible that the presence of
an ABA-like compound in developing flowers is related to
abscission processes associated with anthesis, but it may
also be true that for normal fruit-set and development a
balance between promci #s and inhibitors such as gibberelling« abseistns
must be achieved for controlled development of the fruit.
Jackson and Blundell (1966) found that ABA could induce

fruit set in a species of Rgsa.

The relationship between the
concentrations of the ABA~like compound and promoter III
is expressed in Fig. 3.9. The equivalence ratio of 10/1
is an assumption on the basis that the inhibitor is
equivalent in activity to ABA, and that the ratio of activity
within the ovary is similar to that in the barley endosperm

7g ABA almost totally offsets the regponse

bioassay (1 x 10”
to 1 x 10—8g GAs - see standard curves in Fig's 3.4, 3.5

& 3.6)s It is notable that the ratio of ABA~like activity

to promotive activity is always greater than 10 in Cape
Currant, but that in both Sultana and Doradille, the promotar
dominates at anthesis. This correlates with final berry

size as does the concentration of promoter III. An exira—
ordinary result is the ratio at set in Doradillo (because

of non-linearity of %he ABA responsc at the concentration
represented, this value may be cven higher). Unfortunately
no corresponding value is available for Sultana, and so the
importance of this cannot be assessed, but it may be that

ABA plays an important role in berry set and/or growth. It
has been noted (Gaylor andqg;gggu1969) that ABA can stimulate
the synthesis of an enzyme necessary for sugar uptake by
storage cclls in sugar cane. If both ABA and gibberellin

are important we must either consider sequential action or
compartmentation. Both may in fact operate. More information
is required on the metabelic roles and sites of action of both

hormone classes before this question can be resolved.
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Contrary to work done on other plants
(e.g. Dennis et _al. 1965; Zeevart 1966; Radley 196T7; Reid and
Carr 1967; Bristow and Simmonds 1968), CCC had no consistent
qualitative or quantitative effect on extractable gibherellin-
like compounds. Dale and Fillipe (1968) found that slthough
CCC reduced the level of gibberellin present in young

Phaseolus vulgaris seedlings, it did not prevent the

appearance of appreciable quantities of gibberellin. It is
possible that a small change may have occurred which was not
picked up in the assay, elther because of variation or the

relatively long interwval between sampling times.

There was onc notable exception to
the above discussion: extracticn of CCC treated Doradillo
anthers showed much greater activity than all other extracts.
This result is difficult to reconcile with the results of
previous work on the effect of CCC on endogenous gibberellins,
for although there was an increase in the level of promotiocn in
the areas that could be attributed to polar gibberellins (c.f.
Reid and Carr 1967; Bristow and Simmonds 1968), the
greatest increase in activity was in the region of the normal
acidic gibberellins such as GA3, Since this effect occourred
in only one cultivar it is probably not relevant to the

effect of CCC on fruit set and requires further substantiation.

Evidence that ABA does play a role in
pericarp development is given by the correlation between
berry size and thc level of ABA-like compound in treated
and untreated berries (Tables 3.1, 3.2, 3.3 and Fig's il
3.5 & 3.6). Berries from CCC treated clusters are smaller
than untreated berries and contain higher levels of the ABA-
like compound, Furthermore it has been demonstrated that ABA
inbibite cell expansion in fvena coleoptiles and in tissue

cultures (Thomas et al. 1964). However no such correlation
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exigts between cultivars, indicating that between cultivar
differencaes in gize are due to another factor, perhaps

gibberellin as discussed abcve.

The conclusions that may be drawn

from the above data are as follows:

(a) That qualitative differences in
endogenous gibberellins exist between the berries from the
parthenocarpic cultivar and berries from two cultivars
whose berries normally have some degree of seed developments

(b) That for the latter, the
difference between the stenospermocarpic berried cultivar
and the cultivar with seeded berries in terms of endogenous
gibberellins is quantitative rather than qualitative

(c} That tha ooncentzatian.of: :
promo¥er III, which was common to the three cultivars, at
anthesis was correlated with the final size of the berry;

(&) That there was an ABA-like
compcund present in developing flowers and fruit, the
concentration of which was close to maximal at anthesis
and declined thereafter;

(e) That the concentration of this
inhibitor was generally higher in the seeded cultivar,
particularly at fruit sets

(f) That the effect of CCC in
reducing berry size may be related to a decreased rate of
decline of the ABA-like compounds

(g) That CCC had no significant effect
on extractable gibberellins within the ovary;

(h) That the levels of endogenous
gibberellins and the endogenous ABA~like compound are probably
under independent control since no obvious relationship
existed between the level of the extractable compounds of the

two hormone classes.
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TV. GENERAL DISCURSETON

It is widely accepted that the
processes involved in fruit-set and pericarp development
are under hormonal control (erer—Ftsch—195371962;

Crane 1964), although it is also recognied that nutrient
availability can be a limiting factor (e.g. Coombe 19€2;
Mullins 1967)e The aim of this work was to study the
relationship between gibberellins and fruit-set and growth
in the grape in two ways: f£irstly by examining the effect
of exogencus snplications of a gibberellin (GA3) and a
growth retardant (CCC), and secondly by examining the
content of endogenous gibberellins and ABA-like compounds
in the presence and absence of this growth retardant.

{1 ) Sct

The factors involved in fruit-set are
complex and a change in set could be due to one or more of
the following factors:

(i) a direct effect on the processes
controlling abscissions

(ii) an indirect effect on the
processes controlling abscission such asi-

a. a direct alteration of the
ability of the ovary teo attract
nutrients (eog, an alteration
of the viability of the pollen
or the fecundity of the ovary);

b. a direct alteration of the
ability of the ovary to
utilize nutrientss

¢. 2n indirectv effect on nutrient
supply such as an alteration of
the competitive balance between
the growing shoot tip and the

developing cluster.
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What role does GA play in fruit-set 7
The results presented here suggest that GA is not primarily
involved in the process of fruit-set. In no situation did
GA at the concenirations used here dramatically alter the
number of berries set. The decreases in fruit set on the
two parthenocarpic cultivars obtained when GA was applied
two weeks prior to anthegis were! probably due 1o a reduction
in pollen viability as has been suggested by Weaver and
McCune (1960)., A similar effect may be responsible for
the reduction of set in Sultana by anthesis applications,
or it may be due to enhanced competition between individual
flowers on the cluster. It has been noted that berries
derived from flowers sprayed with gibberellin before
anthesis are no larger than their unsprayed counterpart,
but that large increases in weight occur if the flowers
are treated during anthesis (presumably after pollina‘bion)°
Thus the pollinated portion at the time of spraying may

utilize the whole of the limited nutrient supply.

The increase in set produced by
post—anthesis applications of GA (notably in Doradillo) is
probably due to promoted growth of the seedless portion of
the cluster, thus enabling them to compete more abiy for
nutrients with berries that have already set and commenced

to grow (Coombe 1962).

It is likely that increases in set
attributed to the application of CCC are the result of an
action of CCC at a site distant from the cluster. From the
extraction experiments there was no evidence that CCC
significantly altered the level of extractable gibberellin-
like compounds or ABA-like compounds during the period of
anthesis and frult-set. Changes were only obvious after set
had occurred. Further evidence for this hypothesis comes

from a number of sourcess removal of the shoot tip and young leave
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at anthesis increases fruit set (Coombe 1962), CCC
application to any part of the shoot results in decreased
shoot growth and increased fruit-set (Coombe pers,commg),
and, further that CCC applications to the cluster in low
concentrations are more effective in decreasing berry size
than in increasing berry set (Coombe 1967). Thus it is
likely that CCC acts by altering the competitive balance
that is thought to exist between shoot growth and
reproductive growth. Further, a large reduction in shoot
growth is required, and for maximal effect the CCC must be
applicd two to three weeks before anthesis. An increase
in the level of ABA-like compounds such as occurs in the
berry may be responsible for the reduction of shoot growth

after CCC application.

The reduction in the number of berries
with seeds in the seeded cultivars after treatment with GA
can be explained on the basis of GA induced embryo abortion
(Watanabe 1963a, cited by Sachs and Weaver 1968, 1963bs
Smirnov and Perepelisyna 1965; Nishitani et _al. 1968).

The measurements here made show no evidence for an excess of
endogenous gibberellins being responsible for defective
embryo development in seedless cultivars.

(2) Berry gize and ghape

The effectiveness of GA in increasing
berry size depended on four thingss the cultivar, the degree
of seed development, the time of application, and the
concentration applied. A4t a given GA concentration the
most important factor was the degree of seed development,
though there were differences hetween the cultivars in cach

group (parthenooarpic, stenospermocarpic and perfect).
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Thus pre-anthesis applications were more effective on Cape
than they were on Zante. The degree to which seed growth
was perfect also determined the optimum time of
application. Thus parthenocarpic berries responded maximally
to anthesis applications, stenospermocarpic berries to
applications approximately ten days after anthesis and
seeded berries did not respond markedly at any time of
application (in one instance a reduction in berry size

was recorded — Muscat 1966-T, pre—anthesis application).

At the pre-—anthesis time of
application, gibberellin-like activity was low in the
three cultivars tested. On the basis of this evidence
it is unlikely that the unresponsiveness of $ultana and
Doradillo is due to sufficient gibberellin. However two
differences were notcd between the parthenocarpic Cape
and the other two cultivars which were correlated with
responsiveness to pre—anthesis applicationsg (a) a low
concentration of ABA-like activity in Cape compared with
a high concentration in the others and (b) the presence
of promoter IT in Sultana and Dowadillc and its absence in
Cape, Either of these two observations could conceivably
account for the observed differences in response, but the
difference in ABA-like levels is the more likely since it
has been observed that ABA and GA are antagonistic (e.g. Thomas
et al. 1964 3 Chrispeels and Varner 1967)., Little is
known of the role of different gibberellins in these

tissues,
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However, at anthesis the three
cultivars all had high concentrations of the ABA-like
compound, and thus the correlation breaks down. Response
to GA now becomes inversely correlated with the concentration
of endogenous gibberellin. To account for the lack of
antagonism between the ABA-like compound and externally
added GA at anthesis and after anthesis an alternative
hypothesis must be counsidered: it is suggested that the
tissue must be prepared before GA can act, and the
presence of a specific predisposing compound may be the
determinant factor. There is a distinct possibility that
this compound may be a cytokinin (e.g. Weaver et al, 19663
Zuluaga ot _al. 1968). It has been demonstrated a number
of times in different tissues that cytokinins can over=rice
inhibition of response duc to the presence of ABA or
coumarin (Khan 19673 Overbeek 1967; Knypl 19673 Khan and
Downing 1968; Letham 1969), and that cytokinins predispose
barley aleurone tissue to respond to GA (Bastwood et al.

1969).

There arc two possible ways of accounting
for the lack of response to GA if seed develcpment continuess
either, in the presence of seed growth, gibberellin is non-
limiting or GA action remains repressed, BEvidence in
Sections IT and IIT guggests that the more likely situation
is that GA ig non-limiting. Thus Cape Currant has no promoter
IT and has a low level of promotur III, and responds
maximally to GA applied at anthesis; Sultana has a low
concentration of promoter II and a low level of promoter IIL
(maximal at anthesis?) and responds maximally to GA applied
after anthesis, while Doradillo has marked promotér IIT
activity at anthesis and fails to respond to the application
of GA. However better data would be required on both the
quantitative and qualitative changes of gibberellins and their

roles in develonpment bafore full confidence could be taken in



the above hypothesis.

The high inhibitor to promoter ratio
evident at fruit set in Doradille is puzzling, and lack of
a value for Sultana at this stage of growth makes it
g@ifficult to assess its importance. It may be related to
the growth of berries that have set, but further data will
be required in order to examine its function and its
relationship to response to externally applied gitberellin,
The importance of the generally higher ABA-like activity

in Doradillo also requires assessment.

The ability of CCC to reduce
berry size irrespective of the presence of seed couldld
he interpreted as meaning that GA was egsential for berry
growth, but not limiting. However the evidence pre sented
in section ITI suggests that this effect is due to a
sustenance of high concentrations of the ABA-like compound
in the berries during their early growth. This also

suggests a role for ABA in the control of berry size.

Berry sige is determined by two
factors, the number of pericarp cells and their size.
No quantitative measurements have been made of the
relative importance of each process in determining
cultivar differences. Similarly little work has been
done to determine whether differences in shape are due
to different numbers of cells or different size of cells
in the different regions of the berry. Sachs and Weaver
(1968) demonstrated that the effect of GA on berry size
was primarily due %o increased cell size and further that

the cells at the distal pole were most affected.



The relationship between the
extractable growth substances assayed in this work and
berry shape is obscure. Although gibberellin applied at
anthesis is effective in incrsasing the length of the
berry versus the width, the spherical seeded berry,
Doradillo, possessed more gibberellin~like activity at
this stage of development than the elongated Sultana.

An adequate explanation of control of berry shape will
probably involve a balance between Two or more growth
regulators. It has alresady been noted that auxin application
results in berries with decreased L/W ratios (Sachs and
Weaver 1968; Coombe pers.comm, ), and thus an auxin-

gidbberellin ratio may be the important factor.

Two important observations on the
relationship between gibberellin and berry shape are:
(a) it is more effective when applied at anthesis than
at any other time and (b) the effectiveness of GA in
this regard is not related to seed growbth, That GA is
only effective early in berry growth suggests either an
effect on cell number or that expansion in the various
directions is rrogrammed early in the expansion of the
cells and, once set, cannot be altercd. Sachs and Weaver (1968)
noted differamces in cell sige - the polar cells were
larger in GA treated berries than the equatorial cells -
although they did not discount an effect on cell number.
Differences in responsiveness bhetween the cultivars
requires further invesiigation (seeded Doradillo berries
were unaffected; Muscat seeded and seedless, Sultana and
Zante showed a 15% increase in length/width ratio in
regponse to 20ppm, while Cape showed a 38% increase with

the same concentration).
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CCC, only when applied before
anthesis, decreased the length/width ratio of Sultana
and Muscat (both cultivars have relatively large and
elongated berries). It is difficult to explain this
observation on the basis of the data on extractable ABA-
like compounds or gibberellin-like compounds because no
significant differences between C0C treated and untreated
berries were noted in either of these classes of compounds
at anthesis., 3But if the differences in shape are due
%0 cell expansion then the higher concentrations of the
ABA~like compound at the stage of maximal rate of cell
expansion in the first growth phase would be a better
explanation. However this does not explain why CCC
applied at fruit set was equally as effective as CCC
applied pre—anthesis in reducing berry weight, yet had
no effect on berry shape.
(3) GA and CCC interaction
The effects of the two compounds, GA

and CCC arc generally opposite and, where parallel, are
probably so for different reasons. A number of paramsters
showed a significant response to GA only, notably those
concerned with pericarp growth in parthenocarpic cultivars.
A few showed significant response to CCC only; these were,
without exception, parameters measured on seeded cultivars
and may be treated as special cases. The latter effects may
be explained as being situations where GA is required but
is not limiting if one accepts that CCC inhibits the
synthesis of endogenous gibberellins. However all these
responses could be explained on the basis of a totally
different concept, a concept which is based on the effect
of CCC being directly antagonistic to GA through promoting

the build-up or maintainance of high levels of a natural
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gibberellin antagonist, ABA. Although ABA has been shown

to prevent gibberellin responses in a number of systems

(eug, Chrispeels and Varner 1967) it is probably better
conceived of as bheing an anabclic hormone which both

prevents the action of the catabolic hormone GA and premotes
anabolistic processes such as the storage of reserve products.

.

Recent evidence for such a concept has been published by
Gayler and‘%5%€ﬁ0(1969)° This tyve of concept could explain
some of the interactions that have been described,; and why
CCC has effects on some parameters and not others, and why
G4 has effects on scme parameters and not others. Furthermore
this type of concept enables such synergistic interactions

as reported by Guttridge (1966) to be more realily accommocdated.

A complete explanation of the
interaction of these two compounds, GA and CCC, in this
gsystem is not yet prossible becausc critical data on the
precise site and mode of action of each is unavailable,

It seems likely from what has been discussed that CCC is
effective as a scetting agent at a site distant from the
cluster; there was nc significant effect of CCC on

either GA-like or ABA-like compounds during the period of
anthesis toc fruit-set. ©On the other hand it is probable
that GA acts on set within the cluster, There is reasonable
evidence that GA applisd to the cluster does not move out
of the cluster although it may move into the cluster from
outside (Weaver and McCune 19590). When one considers the
effects of GA and CCC on parameters of pericarp growth,
however, it seems more likely that their effects are direct

and due to the presence of the compounds in the ovaries.
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\4) _Conclusions

Based on the results of this
investigation and the observations of.other authors
a reasonable hypothesis of the control of fruit set and
development would seem to be as follows: as the flower
matures an inhibitor (anabolic hormone) builds up (e.g.
ABA) and causes the observed decline in growth and nutrient
importation, and probably in the promotion of the processes
that lead up to anthesis. Pollination anl perhaps syngamy
result in the production of a compound (a cytokinin) that
relieves the inhibition of growth and nutrient importation,
and thus disposes the pericarp tissues to respond to
hormones such as gibberellin synthesised in the developing
tissues of the seed. This relieving compound may also be
responsible for the shutting down of the synthesis of the
inhibitor although accumlation continues in Doradillo
up until fruit set. The process essential for set is the
relief of the inhibition. Whether or not set occurs then
depends on the availability of organic nutrients and the
ability of the ovary to gain its nutrient requirement in

competition with neighbouring ovaries.

While this hypothesis does not
pretend to describe the whole of the control of berry
set and pericarp growth it should provide a sound working

hypothesis on which to base further studies.
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VI. APFENDICES



EXPERLENTS CON EXTRACTICH ANWD ASSAY TECHNIQUES

Introduction

Work published by Coombe (1960) anC Weaver
and Pool (1965b) on gibberellin-like activity in Vitis is
difficult to interpret duc to the poor definition of their methods
of purification. Coombe's (loc,cit.) data from crude sextracts
may, a8 he suggests, represent the promotor/inhibitor balance
rather than total gibbercllin-like activity. The data of Weaver and
Pool (1Og.w1t l while demonstrating the presence of a number of
gibberellins with widely varying solubility properties; is
difficult to interpret because of the likelihood that one
compound may be vresent in more than one fraction. Furthermore
no account was taken of the possibility of an inhibitor being
present. For the work described in section IIT it was
necessary to separate three groups of compounds: conjugatad-
(Water—soluble, polar) gibbherelling, wnconjugated gibberellins,
and ABA-like compounds. Such a separation would enable simpler

interpretation of results.

Abscisic acid and the known gibberellins
exhibit the behaviour typical of organic acids, and in fact
nossess one or nere carboxyl groups. Polarity within the
unconjugated gibberellins depends mainly on the number of oxygen
containing groups - hydroxzyls and epoxides; they are marginally
soluble in water but are soluble in the more polar of the organic
solvents (e.g. the alcohols and ethyl acetate). The solubility

characteristics of ABA are similar to those of the less polar of
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the unconjugated gibberellins (GA4/5/7)° Conjugated

gibberelling such as those suggested by Murakail (1961), Sembdner
et_al. (1964), and desoribed by Sohreiber et al. (1967) and
Tamura et al. (1968), are glycosides of gibterellin and also
possess a free carboxyl group. However, only a few of the
reported conjugated gibherellins have been fully characterised,
and eclaims have been made that some of these are neutral
compounds (e.g. Hashinhto and Rappaport 196u,, that is, either

the conjusation has taken place via the carboxyl group or the

compounds do not possess a carboxyl groub.

Thig information was used to design a
system of purification and analysis based on the barley
endosperm bioassay for analysing the three groups of compounds
menticned above namely, conjugated gibberelliins, unc sonjugate

gibberellins and AFiA-like compounds.

Partitioning of extracts

Throughout these experiments one method
of sample vpreparation and extraction vas used. The tissue
was lyophilised and then homogenised at 3OC in 98% methancl
(MeOH) with e glass homogeniser (Kontes)° The homogenate was
centrifuged, the supernatant decanted and the residue was tlien
re—~cxtracted twice during the next twenty four hours with 9up
MeOH by shaking on either a reciprocating or a wrist-action
shaker, and then centrifuged. The supsrnatants were combined,
and reduced in volume in a rotary film evaporator under reduced
pressure at 30 to 35OC Ho soluble activity remained in the

residue after this extraction.
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Ten grams d.wt. of two weeks pre-anthesis
Cape Currant flowers were extracted in the above manner, dried
in a rotary evaporator and then taken up in 250ml of 7Oml
phosphate buffer (pH 8.0) and partitioned three times with
equal volumes of petroleum spirit (BP 40-6000). The agqueous
phase was adjusted to pH 3.5 with 10% HCl and partitioned
four times with equal volumes of ethyl acetate (Merck,
Pro - Analyst). The aqueous residue was dried in a rotary
evaporator, lyophylised, and re-extracted with absolute
MeOH (freshly prepared by treatment with magnesium turnings
and iodine, refluxed and then distilled). All fractions
were rotary evaporated to dryness and then taken up in 10ml
of distilled water. A dilution assay of 250, 25 and 2.5mg
equivalent of tissue was carried out in triplicate using the
barley endosperm bioassay (Coombe gi_giu1967). An assay for
the presence of inhibitors was carried out by adding 5 x 10 —1Og/
ml GA, to one set of vials (also three dilutions and three

3
replicates).

The results (Fig. A.1) shew the presence
of a reasonably high level of inhibitor in the ethyl acetate phase,
and a low level of promotdr in the methanol triturate. There

was no activity in the petroleum spirit phase.

Althougl the system showed some promise
it was evident that an extra step would be needed to separate
the components more clearly. PFurthermore the method was time
conguming and did not effect a good purification. The formation

of a denatured protein emulsion added to the difficulties.



Fig., 4.1

Fig, A2

Partition analysis: pre-anthesis Cape

Currant

For sxplanation see text

Anion exchange chromatography: post-arthesis

Doradillo and GA

3

For explanation see text

NCTE: log GA, equivalent is thke calculated

3

amount of CA, that would be present if all

3

activity were eluted in a particular fraction

(at the lowest dilution 1/20th of the GA,

addead ),
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The results in Fig. A.2 demonstrate the
presence of reducing substances (sugars) in fractions (1) and
(3) of the Doradillo column (92: extract plus seed and extract
minus seed). Recovery of the GA3 added to column B was complete
within the accuracy of the assay (2 x 10 =7 verens 1 x 10 —9g
theoretical), Fraction (3) of the Doradillo column contained
an inhibitor and so gave no indication of the presence of any

promotors (Note: subtract + seed + GA from - seed).

The results of this experiment were
encouraging because of the good recovery of GA3 and the
cleanliness of the active fraction (No.}) of the Doradillo
extract. This method of purification was easier to perform

than partitioning and was apparently purer.

Anion exchange chromatography of ABA znd apricot zibberellin

Al though a preliminary examination using
electrophoresis (Coombe pems,comm.) indicated that the polar
gibberellin-like compound from apricots was monocarboxylic, no
information was available on its ion exchange properties. The
alm of this procedure was to determine the fraction in which
it was eluted, and whether or not any gross reduction in
activity occurred during elutiin. It was further decided to
investigate whether ABA was, in fact, eluted with 4% formic
acid, and whether or not there was any possibility of separating

ABA and GA a2t this stage.

Two 10 gram Sephadex columns were prepared
ags previously described: to column "A" 20kg of active apricot
extract was applied and to column "B" a mixture of gpg ABA and
118 GA3. The columns were then e luted in six batches with 98%
methanol containing increasing proportions of formic acid:
500ml 0.0M; 250ml 0.05M; 250ml 0.1M; 250ml 0.25M; 250ml O.5M;
and 250ml1 1.C0M (approximately equal to 4%). The resultant









E

=

= B




- 112

(a)

()

(b)

SUMMARY OF CHROMATOGRAPHIC DATA FOR SILICA GEL THIN LAYER PLATES

]
3 . Glucose Apricot GA GA ABA TAA
3 gl gl |8 "Gibb. " > 4/1
(] \O FS—! '.—f 2] 8 g
Bl ol of 2182 =13
FmlolRElHlola |o  H
SILICA GEL G (Merck.)
6 1 0.15(5)" 0.85(5) 0.89(5) 0.83(2) 0.84(2)
: . (.14-?23)% (.80-.88) | (.85-.92 (.81-.84) | (.82-.85)
EO- _"—3‘(5 "5'0 ol 1 | 0.35 0.81 0.81 ]
T [30la0l30F | {1 0.18 L EORB0T N SE080! BT R B
5ol [50] [5 0.0 OO 3 RO 48 Jfo 10
50[ {50 1 0.0 0.15(2) 0.40(2)
Shox| . | (.09-.20) | (.33-.47) i ol =
50 50 51 0.02 0.35 ] 0.61 A
50[ |50 1] 0.0(3) 0.17(3) | 0.39(3) 0.37(2)* | 0.47(2)
(.15-.20) | (.34-.47) 0.45(2)**
95{ 5 1] 0.0 0.08 0.21
92| 8 1| 0.0 0.28 0.49
90(10 1| 0.01(7) 0.40(8) 0.53(7) 0.55(5) 0.50(4)
(.00-.04) . (.28-.55) | (.39-.77) (.53-.59)| (.49-.50)
85(15 1| 0.02(6) 0.13 0.38(6) | 0.54(6) 0.63
(.02~.03) ; (.24-.47) | (.49-.60)
80| 20 11 0.06(7) 0.34(2) | 0.69(7) 0.76€7) 0.70(4) 0.65(4)
(.04-.12) | (.30-.38)! (.54-.91) { (.64-.94) (.66-.73)| (.61-.70)
19|30 1| 0.14(3) 0.71(3) 0.74(3) 0.78(2) 0.74(2)
(.11-.17) (.68-.73) | (.71-.76) (+74-.82)| (.73-.76)
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References

Ref.,

*¥¥ trans trans Abscisic acid.

(a)
(b)

+ cis trans Abscisic acid.

Coombe pers, comm.

Skene

]

o o
° O (@]
Q “ lan (@) [as} d A q
mz = £ 6« g SN e lucose |'F§;§o‘1'; GA3 GA4/7 G.l\_8 ABA TAA
+ (O] i) +| | > 2 ©
O B H &) M| o [as| _
60 [0 1 10.31(2) 0.81(2) 0.83(2)
(.30-.31) (+77=.85) | (.79-.87)
50 O 1 10.40 0.79 0.82
50 fi0 0.5 [0.02 e 0.52
70 [30 0.5 0.15(2) 0.71(2) 0.83(2) i
(.71-.72) (,,80_.,85_)_
50 B0 0.5 [0.41 0.71 0.73
50 0 5.1 0.02(2) | 0.15 0.30(3) 0.45(3)
(.28-.33) | (.41-.55) !
70 D.1[0.14 0.30 0.79
50 bo | P.1[0.25 P 0.27 0.28 o -
= - Silics Gel H (Merck)
85 15 1 lo.02(3) 0.45(8) 0.63(8) 0.33 |0.60(2)
B 1 638-51) | (53-.14) | Gse-e) ]
70 BO 4 0.67 0.77 0.67 |0.72 0.76
oo e 1o | W 0.79 0.70 |0.75 0, e 0
GELMAN ITLC Ll R |
99 | 1 1 10.0(2) 0.37 50;53(0,76)
?2)(GA,?
GA4 ) A,( )
Footnotes: 1. The mean Rf of the compound followed by the number of observations in brackets.
2. Therango of Rf values measured,
*



Plate A.1

Chromatograms of plant hormones (GA3/4/7,
IAA, t.ABA and + ABA) on silica gel G in
solvents of composition from left +to
right; 50:50¢1, CEC1,: Bt.Ac.: HCOOH;
90:10:1; 85315215 80820213

7023031, CHC1,: EtOH: ECOOH.

Detected by spraying with 95:5 (v/v)
Et0H/H,S0, and heating at 120°C for

10 minutes,






Glass plates (5 x 20 om) were coated with
silica gel G (O,}mm) and then air dried overnight. Usually
two spoie containing a mixture of ipg of each compound in
methanol (see Table A.1) were applied to each chromatogram.
The plates werce then placed in solvents of varying composition
as shown in Table A.71 and developed to 15cm. The compounds were
made visible by spraying with 5% ethanolic sulphuric acid, and
heating at 110o C for 10 minutes (Jones gi_gl,1963), Apricot
gibberellin (supplied by Coombe ) was used as an example of a

polar gibberellin-like compound and was detected by btio-assay.

The results of these and later experiments
are summarised in Tgble A.1. A solvent of composition 85:1531
chloroform (CHClS)s mthanol (BtOH): formic acid (HCOOH) was
chosen as being most suitable. With this solvent ABA usually
ran half tb one Bf unit ahead of GA4/7, GA3 was well separated
from GA4/7 (one to one and a half Rf units) and the apricot
gibberellin was moved about half way between glucose and GA3°
Solvents with a lower proportion of EtOH gave better
resolutinn within the unconjugated group of gibberellins but
did not distinguish between glucose and apricot gibberellin.
Solvents with a polar content higher than 15% tended to form
a seccndary front with which all of the unconjugated gibberellins
and ABA and IAA were assoclated. Such mixtures, in particular
those with 20 or 30 % E40H, gave excellent resolution of the
polar gibberellin, interfering substances such as glucose, and

the unconjugated gibberellins.

Examination of the interference of silica gel G with refraction read

Preliminary experiments showed that results
based on the measurement of refractive index were highly variable
when eitker the eluant from silica gel G was assayed or when

gilica gel G was included in the vial.



TABLE A.2 - 116 -

Phe effect of silica gel G on the change in refractometer

reading of glucose solutions with water in the reference cell

Gel area Glucose/bg/ml
sq cm 0 300 1500
A RU
0 0.0 3.0 14.3
2.4 5+5 16.8
5 11.5 15.5 26.3

) -

(ARU + ARU
glucose

ATRU

gel 5 glucose

0 0.0 0.0 0.0
0.0 0.1 0.1
5 0.0 1.0 0.5
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The magnitude of this effect and whether

or not the refraction due to the presence of silica gel was
additive to that of reducing sugar (glucose) was examined.
The vefraction of filtrates of three concentrations of glucose,
0, 300, or 1SOng/ml, combined with O, 1.0 sq cm or 5.0 sq cm
of 0.3mm thick silica gel was measured on a VWaters digital
differential refractometer. There were two replications

of each combination.

The results (Table A.2) indicate that
the response was additive and that the refraction due to the
presence of gilica gel G was of such a magnitude that large
errors could be introduced in readings by minor differences

in gel thickness or area scraped.

Similar tests carried out on "Gelman ITIC"
and silica gel H, neither of which contain binders, showed
that the binder was responsible for most of the refractions:
Five square cm of silica gel H had A RU of 3.2 while an
equivalent ares of silica gel G had ARU of 11.5. Thus by
substituting a medium without a binder an acceptably low

level of background refraction could be ohtained.

Tegt of chromatography media for asgsay purposes

Using the above informaticn four chromedia
were tested for suitability for hormone assay purposes. Four
chromatograms of silica gel H, Gelman ITIC, thin layer cellulose
(MN300), and paper were prepared and spcotted in duplicate with
either 10_9g GA3 or 10—7g ABA. The solvents were as followss

Silica gel B : 85/15/1  (CHC1,/E+OH/HCCOH)
Gelman ITLC 99/1/1 (n " ")
MN300 2% agueous formic acid

on

20

Paper e n " " 1"



Pig. A4 Test of chromatography media for suitability

in the bioassay of plant hormones

For explanation sec text

Solvents: Silica gol H 85:15:1 CHCl3/EtOH/

formic acid

Gelman ITIC  99:131 CHCl3/EtOH/

formic acid

T.L. Cellulose 2% formic acid in

water (w/v)

Paper 2% formic acid in

water (v/v)

Cross hatched arcas reprcsent the absorption

visible in short wavelength U V 1light,
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APPENDIX B

COLUMN STUDIES CEROMATOGRAPHY

Introduction

Preliminary studies indicated that the
incorporation of an extra step in the purification procedure
might be worthwhile to enhance the purity of the samples being
assayed. It would also enable the assay of larger dry weight
equivalents of extracts and thus permit the determination of
minor constituents. Further, suck a step seemed to be essential

in the preparation of samples for gas liqui. chromatography.

Thin layer chromatography on a preparative
scale was tried and discarded as a technique because of the
large number of steps involved in chromatographing the samples,
scraping and eluting, and reducing the sample in volume prior %o
respotting on another chromatogram. Also inconsistent recoveries
were obtained. Column chromatography using batch elution

techniques seemed preferable.

Methods and results

Attempts were made to imitate thin layer
chromatography conditions in s column but thess were unsuccessgful
due to retarded elution of gibberelling when extract was added.
Attention was then furned to partition chromatography using water

as the stationary phase on silica gel.

The gel, Silica Gel for Chromatography, M & B,
was pre~washed in a large column using a gradient of methancl to
chlorcform. Thirty grams of silica gel was triturated with
distilled water (100g silica gel :62.5 ml HZO) then added to the

columns in chloroform saturated with water and packed (Powell 1960).



for

-IJ.__
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Air bubbles weré removed by backflushing the column with
chloroform. Samples and extracts were taken up in methanol
and applied to the triturated silica gel in a round bottomed

flagsk and the methanol was then removed under vacuuml.

It was found thst GA4/7 were eluted with

chloroform while GA3 was eluted with 90:10 chloroform/methanol
(Plate B.1). The behaviour of the column system was further
tested by including 100;,@ each of GA3 and GA4/7 with 5g pre-
and post-antbesis extracts of Cape Currant. The results
indicated that the effect of the extract was to increase the
mobility of the gibberellins in the system. This was probably
due to the presence of organic acid which would reduce the pH
of the aqueous phase. It could also be due to the presence of

methanol residues.

The behaviour of a polar gibberellin

extracted from apricot seed was studied by using a graded series
of chloroform to butanol mixtures., All activity was eluted with
50250 chloroform/butanol, but due to difficulty encountered in
removing all traces of butanol for bioassay purposes the technique
was abandoned. Instead, a graded series of chloroform to methanol
was tried. This was successful and all activity was eluted with
70230 ohloroform/methanol (Fig. B.1). A disadvantage was that
this proportion of methanol tended to remove the stationary phase

from the ceclumn.

Preliminary attempts were made to apply
this system to the assay of extracts but the results were
inconclusive. Due to lack of time the system was not fully

exploited,



Pig. B.1 Silica gel partition chromatography of

apricot extract

Thin layer chromatography on silica gel of
the fractions eluted from a silica gel
column prepared as in the text. Solvent

CHCls/E"tOH/Formio acid (85:15:1)

Cross hatched areas represent the Rf of

standard gluccse, GA, and GA

3 4/7









- 125 -
APPENDIX C

EXPERIMENTS RELATED TO THE GAS LIQUID CHROMATOGRAPHY
OF PLANT HORMONES

(Some of this work was done in conjunction with Mr R.D. Firn)

Introduction

Gas liquid chromatography (GLC) provides
a means of quantititing smali amounts of volatile substances,
It ig suitable for the assay of biologically active compounds
because of its sensitivity and specificity. This in part
overcomes the problem of relating activity in one biological
system to activity in another. At best biological assay systems
can be only regarded as being semi-quantitative unless elaborate

precautions are taken with the methods.

Tkekaws et al. (1963) demonstrated the
GIC of the methyl esters of GA1 9°
Cavell et al. (1967) to include a further eight gibberellinss;

This work was extended by

these authors prepared the trimethyl silyl ethers of the methyl
ester derivatives and the methods were then successfully applied
to crude plant extracts. A further improvement in the technique
was ths combination of gas liquid chromatography with mass
spectrography; this permits unequivocal identification of known
compounds and provides an insight into the identity of unknownm

compounds (Pryce and MaclMillan 1967 a & bs MacMillan 1967).

A number of authors have studied the techniques
related to the GLC of indoles (Stowe and Schilke 1964; Powell
19645 De Moss and Gage 196535 Dedio and Zalik 1966; Koisumi et _al.
19665 Grunwald et al. 1967; Brook et al. 1967), and several of
these authors have applied the technique to the analysis of plant

extracts (Powell loc.cit.s Dedio et al. loc.cit.; Koisumi et al.

loc.cit.). The great sensitivity of this method was demonstrated
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by Brook et ale(Lgcocit.); they reported a response to

5 e 10-8g of methyl ester indole-3-acetic acid (TAA) when using
a flame ionization detector, and 5 x 10'115 when using an electron

capture detector.

An attempt was made to employ GLC techniques
in a study of the hormones present in developing flower

clugters of Vitis vinifera.

Materiagle and Methoeds

4 ShimaNdzu GO - 1C gas chromatograph fitted
with dual flame ionization detectors was used. To facilitate
use at high sensitivity the leads from the detectors to the
electrometer wers double shislded to reduce noise. Dual glass
columng, 1875 mm long and 4 mm internal diameter provided with

facilities for "on - column" injection of samples were fitted.

The chemicals used are listed bolows

SE-30 liquid phase Applied Scicnce Lab.,
QFl " 1 " 11 "
Anachrom ABS, 80-90 mesh Column support material
Hoxamothyldisilazane (HMDS) Wilkens
Trimethyichlorosilane (TMCS) Applied Science Lab.
Carbitol (diethylene glycol moncethyl

ethor) Ajax Chemicals
N;methyl—N;nitro-p-tclueneSulphonamide

dliiaal Koch-1ight
Gibberellin A.3 (98%) Merck
Gibberellin A ;

4 /7 ICT

Abscisic acid (1 part trans trans to American Tobacco Co.

1 part + cis trans ABA)
Indole-3-acetic acid BDH

Indole acctonitrile Light & Co,
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The glass columns were silanized by
pouring hot (SOOC) 1% HMDS in benzene through the clean dry
columns. The solution was left in the columns for 3-4
minutes and then drained off. The column was then oven
dried and the procedure repeated four times. Glass wool

for packing the ends of the columns was similarly prepared.

To coat the support with QF-1 the
following procedure was useds: A 2% (w/v) solution of QF-1
in methyl ethyl ketone was prepared and 80ml was slurried
with 20g of support material. The slurry was then thoroughly
degsssed, allowed to stand for five minutes and then filtered
under reduced pressure in a Buchner filter until foaming had
ceased. The support was then spread on filter paper and dried
for four hours at 120°C. An acetone extract revealed 2.1%
QF-1 (W/W)° The same procedure was used for SB-30 except that

toluene was used as the solvent.

To pack the support into the columns
a glass wool plug was introduced near the injection port end
of the column which was then connected to a vacuum pump.
Support was added through a small funnel to the other end, and
compaction wes achieved by tapping the columns with a spatula.
When full, a glass wool plug was introduced at the top of

the column and the vacuum was then released gently.

The columns were conditioned overnight

by vpassing a low flow of nitrogen (N2) at a supra-optimal
temperature (250°C for QF-1, 300°C for SB-30). Further
conditioning was carried out in two wayss the first was to
inject sewveral 5 A1 aliquots of HMDS on to the columns at a

temperature of 120°C and a flow rate of 10ml N per minute.

2
The second method which was sometimes used in conjunction with

the first was to overload the cclumn with GA3 at 200°C and 60ml

N2 per minute to ensure that any sites that would bind gibberellins
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irreversibly would be filled (injested approximately 209ng
GA3 - methyl ester). After this operation the columns were
again conditioned in the oven overnight, but at a lower
temperature than was used in the initial conditioning

(approximately 23000)°

Mothylation was carried out with diazomethane
produced by the method of Schlenk and Gellermen (1960) as
modified by Powell (1964). Three rubter-stoppered tubes were
connected in series with small bore teflon tubing; tube 1
contained methylene chloride, tube 2 contained the reaction
mixture, and tube 3 contained the sample in 10% methanol in
methylene chloride. The reaction mixture consisted of 2ml
60% KOH, 2ml carbitol and approximately 100mg "TONY" in 2ml
methylene chloride which wag added last. Prior to the addition
of the "TONY" the nitrogen flow through tube 1 was adjusted so
that when the "TONY" was added and tube 2 stoppered, the
diagomethane produced was immediately removed to tube 3. This
prevented any dangerous build up of diazomethane., 4s further
safety precautions, the tubes were placed in a shielded
perspex stand, and the whole process was carried out in a fume
hood. Methylation was considered complete when the solution
in tube 3 turned yellow. This was confirmed by TIC on silica
gel G using di-isopropyl etheg/éoetic acid (95:5) a8 a solvent
(MacMillan 1963).

The TMS ethers were prepared as described
by Cavell et al. (1967). The dry sample was taken up in O, 1ml
of redistilled dry pyridine and treated in a small capped vial
(dry) with O0.9ml of a mixture consisting of pyridine, BMDS and
TMCS in the ratio of 10:2:2, After gtanding for at least 10
minutes an aliquot of the sample was chromatographed. For small
samples ((_10//g), the mixture was added directly to the dry

Sample,
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The preparation of the plant extract was
as follows: two lots of 4g d.wt. of Cape Currant berries
collected two weeks post-anthesis were homogenised in 100ml
of methanol, centrifuged and re-extracted twice. The combined
supernatants were then dried down on to 25g washed dry silica
gel (see Appendix B) and placed in 30cm x 2.5cm glass columns
and eluted with 70:30 chloroform / methanol (300ml, fraction A)
and then anhydrous MeOH (150ml, fraction B), Fraction A was
then chromatographed on DEAE Sephadex as in section 3 (fraction
A1= neutrals A2= weak acldg A3= strong acid). Fraction A3
was taken up in water, pH adjusted to 3.0 and extracted with
three equal volumes of peroxide-fres redistilled ether

(fraction A This fraction and fraction B were further

3U1)'
subjected to TIC on silica gel G (Skene 1967) in chloroform/ethyl

acetate/formio acid (50350:1).

The IAA used in this investigation was of
horticultural quality and was purified by recrystallization
prior to use. To effect recrystallization, 0.25g of the IAA
wag added to a few millilitres of chloroform and warmed on a
hot plate. Methanol was added in sufficient quantity to
dissolve the IAA, This process Qas carried out in a dark
room illuminated with a green safe-light. After cooling, the
solution was placed in the deep freeze overnight. The
resultant faintly pink crystals were filtered off and rinsed
with a small amount of chloroform. Chromatography in a number
of systems on thin~layer cellulose gave only one spot when
sprayed with a number of reagents (s.g. ferric chloride/

orthophosphoric acid reagent).
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Attempts were made to separate the three
groups of compounds being studied, namely, auxins, abscisins
and gibberellins, It was found that no one set of conditions
was adequate. Further, umder the conditions described by
Tielawa et al. (1963) or Cavell et al. (1967), different
retention times were obtained. (This was probably due o an
equipment idiocsyncrasy since with the same support and liguid
phase on another machine, a Packard, results comparable with

thosc reported were obtained).

GA4 and GA7 could only be adequately
separated if ~hromatographed on 2% QF-1, whilst recovery

of GA3 was low on this liquid phase (Figs C.1 and C.2).
Adequate recovery of GA3 was best achieved at high temperatures
but at these temperatures the more vclatile components (IAN,
IAA, ABA) were difficult to distinguish from the solvent peak
(Fig. C.3). Some of these difficultics were overcome by the
use of linear temperature programming (Fig° 004), however
under these conditions recovery of methyl GA3 was still poor.
The use of trimethylsily ether derivatives of GA3 to a

large extent overcame this problem. It was not found necessary
to use the TMS of the methyl ester as was used by Cavell gt al.
(loo.ci't.)° A further advantage of using the TMS of the frec
acid was the lability of the TMS group in water which permitiga
the bioassay of collected fractions. This was tested and found

tc be so although detailed studies were not made;1

1. Subsequent to this wbrk a paper was published by Davis ¢ _al.
(1968) on the preparation,gas liquid chromatography and
collection of TMS ether derivatives of '"Abgeisic acid and other

plant hormones'.



It was found that under most conditions
tried thoe cis irans <i ABA) and trans trans (t,ABA) stereo-
isomers of ABA could be adequately separated. The identity
of each pesk was esbtablished by the use of (+) cis trans ABA
(courtesy of F.T. jddicott). Difficulty was encountered with

GA8 under the GIC conditions used here.

A dilution bio-assay of fractions A

, 1,2,3
and B revealed inhibition in fractiom ch On TIC and bioasseay,
the activity in A3 wss resolved into three zones of inhibition
(Fig. C.5). The zone of inhibitive activity which coincided
closely with the reported Rf of the inhibitor in grape sap

{Skene 1967) and with the Rf of authentic ABA (Appendix L) was

gcraped off the rema ng area of the plate, sluted with methanol
and methylated. Chromstography of 0.1g d.wt. equiv. gave the

chromatogram illustrated in fig, C.6. Though the chromatogram
is complex, one of the resolved peaks coincided almost exactly
in several runs with the retention time of standard + ABA

(g, C.4). A further two peaks coincided closely with known
oompounds and could possibly be IAA and IAN (both run close

to ABL in the TIC solvent system used)., While this information
cannot he takon as an unequivocal identification of the compounds
in question, the presence of a compound with a retention time
gimilar to that of suthentic ABA docs support other inTormation

obtained in this study (Section III and Appendix A),

Conclusions

Hethods were develcoped to chromatograph and
separate on one GLC column o variety of acidic plant growth
substances, namely auxing, abscisins and gibberellins, though
better results may be achieved by the use of a separate method
particularly when congidering the more polar gibberellins.
Trimethyl silyl ether derivatives wore superior for the analysis

of gibberellins and have the adventage of lability which



facilitates bioassay of chromatographed fractions after

collection,

Biological activity, Rf on TIC and
retention time on GIC suggest that inkibition in grape

extracts is due at least in part +to the presence of ABA,
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Figure C.1

GIC of plant hormones

stationary phase

Sample

Temperature
Column
Injection
Stationary phase
Support
Reference column
Carrier gas
Flow rate
Inlet pressure
Bydrogen
Flow rate
Air pressure
Range

Sensitivity

Detector temperature

Chart speed

with QF.1. as a

- methyl esters, 2 4g ABA
(mixed isomers), 1 og GAj,
andOZ/pg GA4/7

-~ 223°C

- all glass - 1875 x 4 mm

- on column

- 2% QF.1

— JMnachrom ABS, 80 - 90 mesh

- 24 SB 30

-~ nitrogen

- 105 ml/min atmos.

~ 0.8 kg/cm2

~ 65 ml/min
- 0.8 kg/cm2
- 12,8 V
~ 107

- 280°%

- 2.5 mm/min



Figure C.2

GLC of plant hormones

stationary phase

Sample

Temperature
Column
Injection
Stationary phase
Support
Reference column
Carrier gas
Flow rate
Inlet pressure
Hydreogen
Flow rate
Air pressure
Range

Sengitivity

Detector temperature

Chart speed

with SE 30 as a

methyl esters, 2 ug ABA
(mixed isomers), 1 g G%,
28 Sy

225°C

all glass, 1876 x 4 mm

on column

1.5% SB 30

Anachrom £BS, 80 - 90 mesh
2% QF'1,

nitrogen

90 ml/ﬁin atmos.

0.7 kg/cm2

50 ml/min
0.8 kg/bmz
3.2m V
104

255°¢

2.5 mm/min
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APPENDIX D

BXPERTMENTS RELATING TC THE DETECTICH OF GROWTE SUBSTANCES
ON CHROMATOGRAMS

Introduction

A summary of detection methods for gibberellins
reveals that it is possible using spectrophotofluorimetry
to distinguish between four groups of gibberellins. It is
theoretically possible to distinguish between gibberellins
1-9 using the spray reagents 1isted(Paleg 1965). However
th

and 85 a preliminary survey was undertaken of s wider range

(D]

latter methods were limited to silica gel chromatograms
of reagents to see if plant hormones could be detected with
equal sensitivity on paper snd whether moré specificity could

be introduced.

Materials and Methods

The reagents used were as follows:

1. Foling BDH, applied and then placed in an oven
at 80°C for 15 min. |
2. Ethanolic sulphuric acid, 95:5(Jones et al. 1963);
applied and examined immediately.
3. Fe013/33304(Glick et al, 1964); a stable stock

solution of 2.5% (W/v) FeC1.

3 in 86% H3PO4 was

made up. When required 0,8ml of +his reagent

was made up to 10ml with conc. H280 For

2°

application to chromatograms this reagent was
diluted with ethanol(95:5 v/v).



Te

Ascorbic aoiCL/HCl/Hsz(Jolliffe 1967)5 20mg

of ascorbic acid wag dissolved in a mixture of
19ml methanol and 30ml conc. HCl. To this

2.1/& of fresh 30% aguenus 5202 was zdded. The
solution was then mixed, applied thorcughly and
allewed to dry in the dark for 50 min. before
examingtion.,

AMkaline blue tetrazolium(Bush 1963); gualitative
reagent: Solution I, O.Q5%Qw/v) blue tetrazclium
(3,3-diasnisolebis 4,4~ (3,5-diphenyl )~ tetrazolium
chloride) in ethanol.

Solution II, 2N ¥aOH. Immediately prior to use

1 volume of zolution I was mixed with 4 volumes of
solution II. The mixed reagents were applied, the
chromatogram was theu left at room temperature

in light for 1hr and dried befeore examination(see
also Bush 1961). A quantitative version is
described by Bush(1963),

NaOH(Bush 1961); 2N NaOH(carbonate free) was
applied to the chromatogram which was then left

at room temperature for 1hr in light and dried
before examination.

Trichlcroacetic acid(Bush 1961); 20-33%(w/v)
trichlcroacetic acid in ethanol(or chloroform) wWas
prepared. The chromatogram was dipped in the
reagent and then dried at 80-100°C for 20 min.
Antimony triohloride(SbCl3) (Kagawa et al.1963);

a 30%(w/v) solution of SbGlé in chloroform was
applied to the chromatogram. The chromatogram was
then placed in an oven at 120°C for 10 min. before

examingtion.
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9, FeCl3/HC104(Gordon and Weber 1951): the reagent
was prepared by adding 5.4g FeCl3 to 2 litres
of 35% HClO4° This solution was diluted and
applied directly {to the chromatogram.

10. Dimedone(Vurck and Pegram 1966); =a solution
of 0.25g dimedone (5,5—dimethyloyclohexane 1,3-dione)
in orthophosphoric acid was applied to the
chromatogram, which was then heated at 110°C for

10 min. prior to examination.

11. Sulphanilic acid - diazotised;
Solution A, 1 vol. of 9g sulphanilic acid in
900ml distilled water plus 90ml conc. HC1.
1 vol, sodium nitrite, 5% w/v in water.
Solution B, sodium carbonate(anhyd), 10% w/v in water.
Solution A was sprayed onto the chromatogram.
Immediately following this solution B was applied by

spraying. The chromatograms were examined immediately.

5 micrograms of the following compounds were applied
as spots onto pieces of Whatman No, 3 chromatography paper: IAA
(recrystallised), ABA(American Tobacco Co,), phloretic acid,

glucose, GA3, GA4/7°
Results
See Table D.1

Reagent 3 was found to be sensitive; it was possible
to detect O0.14g of GAj and GA4/7 on either paper or silica gel
and the limit for detection of IAA on both chromedia lay between
0.1 and 1.0pg while Jug of ABA could be detected on silica gel

though larger quantities seemed necessary for detection on paper.
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Regults
Reagent | Compound ‘ Colour
White light Long AUV Short A UV
1.
Folin TAA Purple Absorb -~ blue Absorb - violet
(Pink before black
hea.ting)
ABA - - .
PA = = -
Gluc - = -
GA3 Blue - green Blue -~ grey -
GA " " " n .
4/1
E
!_ -
o
| Bthanolic| TAA . Green yellow | —
I H_SO fi.
| /E 2" 4
1 95% ABA = Green fl. Absorb - blue
r, marked purple
:I TA o - 1 1"
1 Gluc L Yellowish " " |
| fringe fl. ]
! G_A3 - Yellow fl.. Green fl. ‘!
1
'i GA4/7 Light green @ 7 Yellow green fl. |
3.
FeCl3 TAA 1 Magenta Orange fl. Orange f1.
i| H3P04 ABA Yellow Green fl. Green fl.
g PA e ! -
E Gluc - sy, = .
i e, L Bright_yellow.! gr. yellowish f1.]
I, [
G.A4 /7 Green Orange yellow fl, :
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j:_ Reagent ; Compound JSolour
i ! { Vhite light | Long AUV J_* Short AUV
e |
: Asc »bic TAA i Faint pink It, Blue f1l. Lt. blue f1l.

acid/HC1/ | ABA | = Faint yellow | —

H,0, | | green i

PA | - _ 5
| Gluc P - — -
? I GA3 = Yellow green It, blue
i E GA4/7 = Yellow Blue Yellow
i E
i R ™
L 5. l
%Alkaline ! I Light pink Blue fl. Blue fl.
t blue ABA Faint yellow Green Faint purple absorb
?te'bra,-— ) PA = = | n n n
% zolium Gluc | = = =
l | Gag - - =
GA4/7 = Faint blue fl. | Faint blue 1.

B [
| NaOH 1IAA - Lt. blue fl. | Blue fl.

| | ABA i Yellow after Yellow gr. fl. | Gr. yellow centre f1
| UV exposure purple absorb
i" ’ePA i - : = Purple absord
! E?xluo : — ! = ! " "

i: EGA3 l - — i Mauve absorb

B U : :

I
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‘ Reagent Compound Colour
White light Long AUV Short MUV
|
Te ‘
Trichloro- | TAA Brown yellow Orange f1l. Orange yellow fi.
acetic acidl ABA - = =
PA | - - =
Gluc - Bright orange Faint yellow fring
fringe fl.
GA3 - pl " i ¢ "
GA4/7 - Blue green fl. | Green fl.
8.
Antimony IAA Br. - grey Sbsorb dark on | Dark absorb
tri- orange back-—
chloride ground
ABA Greyish Tend green il W
PA W dark orange L [k
Gluc Dark grey U i U W
:GAS o " | n " " n
GA4/7 | Dark blue il D 1 n
|
9. :
FeCl3 TaA Pink (yellow | Dark red absor% -
HClO4 i background ) (green back~ |
_ ! ground )
IABA i = | - Blue absorb
PA - i - =
Gluc i - i - =
GA3 = | - -
I GA4/7 ? - % - !_
| i




— - e

5 Reagent | Compound | ! Colour |
f % Wnite light T Long WOV Short WUV
|
100 |
| Dimedone i TAA . . J
| 110% for | 4Ba L. : !
i 10 min. . PA b . d
! Gluec Yellow . - -
i GA3 b - Dark green + £1, dark green
i - ' |
% GA4/7 = Intense bright !Bluish
i i mauve i
. I _ﬁ
‘ f
11. ! |
Sulphanilic IA4 - = -
; Diaxotised | ABA | - o - |
! PA !Purple Purple absorb Purple absorb
é % Gluc i— - g_
i | GA3 f— = :_
| | GA4/7 %— | - t_
- : e i :
NOTE
- ¢ no observable reaction
o ¢ not tried
PA ¢ phloretic acid
Gluc ¢ glucose

fi. 2 fluoresence
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Discussion and Ceonclusions

It is clear that the plant hormones examined
(gibberellins, abscisins and auxing) can be detected with
a wicder range of compounds than was previously thought to
be the case(Paleg 1965). Two reagents appear to be
particulariy sensitive: ferric chloride/phosphorio acid(})

and dimedone(10).

In practice detection of substances on thin
layer chromatograms is generally more sensitive than on
paper because of the diffuseness of the spots on the latter;
however z number of reagents appeared tc be suitable for
detecting substances on paper chromatograms viz. F6013/H3PO4,
dimedone, ascorbic acid/HCl/Hzoz.

Many of the reagents tested are used for the
detection of steroids and the testing of other steroid
detecting recagents may be worthwhile, particularly as some
of these are gpecific for stercids possessing a nmerticular
side group. For example the alkaline reagents tested are
specific for{14 3 keto steroids, while isonicotinic
hydrazide(not tested) ig specific forzx4 and A 1—43 keto
steroids(Bush 1961).

Although analyses of the fluorescence spectra
induced by these reagents were not carried out, it is felt
that such analyses could yield useful information on the
identity of unknown compounds, particularly if used in

conjunction with established reagents.

However a wider range of plant compounds would
need to be tested before these reagents could be recommended

for general use on either a qualitative or quantitative basis,
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APPENDIX E

ANATOMIC AL STUDIZS OF OVULE DEVELOPMENT IN CAPE CURRANT

Introduction

Tunn Currant is thought to be symonymous
with the Cape Currant of South Lfrican origin(Boehm and
and Tullock 1967; fntcliff pers.somm.; Coombe DETrs.COomm. ),
although no direct comparison has been made of the two
cultivars. There may be two variants in Australia differing
mainly in vigour but with similar cluster and leaf morphology.
The material used for these studies was the less vigorous variant
known ag Tunn Currant in South Australia. The vigour of Cape
Currant as described by Perold(1927) seems similar to that of
the variant crown at the CSIRO Horticultural Research Station,
Merbein. Perold(lococit,) describes Cape Currant as, "purely
and simply a Red Muscadel, in which total Millerandage has

become hereditary“.

Anatomical studies made on such seedless
cultivars as Zante and Sultana(Pearson 19325 Stout 1936) have
revealed that ovule development was in one or mecre respects
imperfect. It was thought important to study the ovule
development of Cape to obtain information on the source of
parthenoccarpy and thus to provide background knowledge for

the interpretation of the results in Sections II and III.

Materials and methods

Samples of flowers and developing cvaries
were taken at the same time that samples were collected for

the examination of endogenous growth regulators(see Section III).
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Thege samples were placed in FAA solution until they were
embedded for examination. Dehyiration was carried out in
a tertiary butanol series as per Johansen(1940).
infiltraticn with histological grade wax (MP 5600) was
also carried out by the method of Johansen (loc.cit.), but
because of difficulty in obtaining serial sections with
this wax, the wax was changed to a commercial preparation
of paraffin wax(MP 6000) containing ceresin. Sections(1%u)
were cut on g rotary microtome and stained with safranin

and fast green and then mounted in Canada balsam.

Results

Sections from samples collected 2-3
weeks pre-—-anthesis show that the development of the ovule
and associsted *tissues was apparently normal. The nucellus
and the inner and outer integuments were at an early stage
of development with only approximately three layers of cells
being apparent in the nucellus(Plates E.1 & E.2). The
megaspore mother cell was presenty; Plate E.2 displays what
appears to be a division of this cell. Plate E.3 shows
the presence of pollen tetrads which have probably formed
from recent reductive divisions of the micrispore mother

cells.

By one week before anthesis development
of the ovule was substantially completc although in some the

nucellus had not yet attained its full sisze.
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Deficiencies apparent in samples
collected one week prior to anthesis were even rmore
obvious in the anthesis samples. In the majority of
cases the embryo sac had faile@ to develop(Plates E.4 &
E.S), though in a few it developed normally(Plates B.6 &
E.?), Insufficient samples were examined to determine
accurately the relative proportion of incompletely developed
ovules but there may be more than half. The embryo sac
appeared to be replaced by files of elongated cells(Plate
E.5). The source of these cells is unknown and no
transitionary stages between the division of the megaspore
mother cell(Plate E.2) and the formation of these cclls was

rioted. Only one pollen tube was noted(Plate B,7).

Bxamination of samples taken at fruit
get two weeks after anthesis showed in general little
further development of the ovule(Plate E.8), but in two of
the ovarics examined(CCC treated) the nucellus had expancded
abnormally and burst through the integuments(Plate E.9).
Insufficient samples were examined to establish whether this

was an effect of CCC,
Discussion

Seedlessness of Cape is apparently
related to the failure of embryo sac development. A similar
situation occurs in Zante altkough in this cultivar embryo
sac development apparently proceeds a little further than in
Cape (Pearson 1932). It is apparent from Plates E.6 and E,7
that the megaspore mother cell is differentiated and does
undergo at least one reductive division, and from plates E.6
and E.7 that in some instances megaspore formation can proceed

to completion,
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The presence of celumnar cells in the
position normally taken by the embryo sac has not heen
described before in the grape. In other parthenoccarpic
cultivars, either the embryo sac develops dbut the nuclel
degenerate (Zante) or, as in White Corinth, it is replaced

by a thin lince of dead cells.

The possibility that pollen viability
or compatibility may be limiting has not been studied for
Cape, nor is it known whether pollination is necessary
for set, but seeded berries do occasionally develop and a
pollen tube was noticed in one section(Plate E.7). Formation
of abundant pollen appears to procesd normally. However
large numbers of pollen tubes such as has been described
for Zante by Pearson(1932) were not observed within the

ovaries.
Conclusions
Parthenocarpy in Cape is apparently

generally obligate and is associated with defective embryo

gac formation.



Plate E.1
L.S. developing ovule, 2-3 weeks pre-anthesis(phase

contrast, 1160)e

Plate E.2
L.S. developing ovule, 2-3 weeks pre-—anthesis(transmitted
light x160).

Plate B.3
inther, L.S., 2-3 weeks pre-anthesis showing pollen

tetrads(phase contrast, x160).

Abbreviations:

¢ = calottas ¢.p. = chalazal pad; e.c. = elongated cells;
8.8, = embryo sacs f = funiculusg i.t. = inner integument;

m micropyle; m.m.c. = megaspore mother celly m.s. = megaspore:

n nucellus; o.t. = outer integument; p.t. = pollen tubeg

D.tet. = pollen tetrads.



PLATE E.2

PLATE E.1

PLATE E.3




Plate E.4
T.B8. of ovary at anthesis showing the absence of the

embryo sac(phase contrast, x160).

Plate E.5H
L.S. of ovary at anthesis showing the absence of the

embryo sac(phase contrast, X160).

Plate E.6
P.S. of an ovule at anthesis with a fully developed

embryo sac(phase contrast, x160).

Plate E.7
LeS. of the micropylar end of a fully developed ovule at
anthesis demonstrating the presence of an egg nucleus(phase

contrast, x320).



PLATE ES5

PLATE E.4




Plate E.8
approximately 2 weeks post-anthesis.

L.S. of an ovary sampled
¢ . plate E.5(phase

Note the lack of further development:

contrast, x160).

Plate E.9

Te8. of an ovary sampled approximately 2 weesks after

anthesis; demonstrating the expansion of the nucellus

without a concomitant development of the integumcnts(phasec

contrast, x150).



PLATE E.8
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