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Chapter 1

INTRODUCTION

a GENETICS

- The present knowledge concerning the genetic control of flowering
1n peas haS'recent1y been reviewed by Murfet (1971a). Rowlands (1964),who
used as his criterion FT (the number of days between sowing of the seed
and opening of the first f10Wef) and Barber (1959), who recorded the
flowering response in terms of NF (the node at which the first flower
15~initiated);both concluded that flowering was fundamentally under
the control of one major gene,.dominant for late f1owering. Barber
used the symbol Sn, first proposed by Tedin and Tedin (1923), to
desighate_this géne. The effect of Sn is increased under S.D. (short
day) conditions, and subject to modification by a system of polygenes.
‘Barber also suggested a second polygene system working outside the
“orbit.of the Sn gene. More recently, Wellensiek (1969) has suggested
the presence of a multiple allelic gene system cbntro]]ing flowering - -
behaviour in peas, with alleles for late, intermediate and early
flowering such that each later gene is incompletely dominant over
v the earlier one. | ’

Little work has been carried out in which both FT and NF have
been recorded. Paton and Barber (1955) have presented data for some
commercial lines, as has Marx (1969). Rowlands (1964), who scored
plants for both FT and NF for two successive generations, reported
a high correlation between the two. Rowlands also stated that any
- data found not to.be correlated may result from a difference in. the
rate of internode production for those particﬂ]ar varieties.

 However, by graphing FT agaihst NF Murfet (1971a) observed three
distinct phenotypic classes in the F2 generation of a cross between
a "late-floweringf cultivar and an "early-flowering" one. Further, as a
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 result of a deta11ed crossing programme (Murfet, 1971b), he was able
to demonstrate quite convincingly that flowering in peas was pre-
‘.domjnant1y under the control of a 3-gene system (c.f. the multiple

" allelic system described by Wellensiek). These three genes he called
S2, E-and S1. He found that gene S2 was responsible for conferring
lateness, gene E was ep1stat1c to S2, and gene S1 was epistatic to E.
Murfet (1971b) suggested that the.historic symbols Lf and Sn replace
‘the symbols S1 and S2 respectively and take on the meaning attached to
S1 and S2 as defined in his paper.  This has been done in the remainder
~of this thesis. The role of" these three genes - Sn E and Lf - is
dealt w1th in greater detail in Chapter 6.

~ In reviewing the literature, Haupt (1969) commented that NF was
the more reliable of the two criteria fromta‘physiologicaT standpoﬁnt,
since mfndf,environmenta] fluctuations could cause a change in FT
without altering either the physiological status of the plant with
respect. to flowering or NF. However, he suggested that both factors
should be taken into account so that information regarding aborted
flowers and vegetative reversion was not lost, as these facts are
important when discussing the physiological aspects of flowering.

b PHYSIOLOGY

iTECHNIQUES-AND.ENVIRONMENTAL VARTABLES

“With regard to the physiological approach towards flowering in
peas, the two most common variables used have been photoperiod and
'verhalization. ’In addition, the two techniques of cotyledon removal
‘and grafting have been'conMDn1y employed. These environmental
variables and techniques -are explained in greater detail in the
fo110w1ng chapter
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- VARIETIES -

Most workers have made use of two types of var1et1es categor1zed

by the1r f]ower1ng hab1t

.Late varieties typ1ca11y flower above node 12, are capab]e of

- being verna11zed and respond to photoper1od behav1ng as quantitative
L.D. (1ong day) p]ants. -Vernalization advances flowering by -approx-

imately two nodes without affecting the rate of node formation. - The

veffect of verna11zat1on increases with the progressive delay in NF.
Cotyledon removal soon after germination w111 a]so promote f]ower1ng

by.about two nodes, and this effect is add1t1ve to both photoperiod

‘and vernalization. Cotyledon removal causes a reduction in the growth

rate;‘.Grafting-has“anieffect similar to cotyledon removal under L.D.

_conditions but under S.D.. conditions the prolonged period of vegetative

growth appears to nullify this effect, 1rrespect1ve of the vernal1zat1on
status of the stock (see Amos and Crowden, 1969)

Early varieties_typicaljy f]ower between nodes.8'and 12, behave

~as day-neutral plants'and_respond‘only's1ight1y - and in a negative

way - to vernalization. Cotyledon removal soon after germination

‘can. cause a delay in NF of up to two nodes and the plants can then show

a response to photoperiod (Haupt, 1969). However, this photoperiod
response is not always observed, (e.g. Johnston and Crowden, 1967).'
This 1ack of response has been attributed to either the physical fact
that flower initiation occurs in these varieties soon after germination
has commenced thereby a]]ow1ng on]y a brief period of time when the
p]ants are above ground for them to be able to respond to photoper1od

(Haupt 1969), or to a difference in the genetic constitution of the
early varieties involved (Murfet 1971a). As just mentioned, Murfet

(1971a) has observed a number of phenotyp1ca11y di fferent classes,

fgwh1ch,w111 be dealt w1th_more fully in Chapters 2 and. 6.
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INTERACTIONS

- Barber (1959) and Haupt (1969) have both stated that photoperiod
and vernalization act in a competitive manner, each reaction vying

for a common substrate. However;'both Paton (1969) and Amos and
~ Crowden (1969) have presented evidence to support the concept that
these two reactions are 1ndependent of each other and 1n fact work in

a comp]ementany manner rather than a competitive one.

It_is‘of interest to note that up until this time no data has
been brought forward comparing the effect of the growth rate on
flowering behaviour, although mention has been made by both Haupt
(1969) and Murfet (1973) that a causal relationship may exist. In

‘particular the ratio total nodes : expanded nodes has not been

discussed before' and it will be seen in Chapter 7 that there is a

strong correlation between th1s ratio (called the growth pattern)

and flowering behaviour.

THEORIES

~ Although transmission of a floral stimulus from the leaves to
the apex is an accepted partial process of photoperiodic induction

(Zeevart, 1962), the actual hormonal regulation of floral induction

in Pisum has been interpreted differently by different workers ; and
the controversy has polarised into two opposing schoo]s of thought.

The f1rst interpretation as expounded by Haupt (1958, 1969)
and Kﬁh]er (1965) is that flowering in Pisum is mediated by the
pOS1t1ve action of a rora]_st1mu1u= present in the cotyledons of
ear]y varieties. Haupt has carried out a numbe r of experiments

“involving cotyledon nemova] of early varieties - which causes a
_'_deTay 1n,NFv_ and,graft1ng of early scions (e.g. Haupt, 1952,
1954, 1957). Most of his work has been carried out under only one

photoperiod (L.D.) regime. Kohler, using a cross}grafting_technique
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between early and late varieties, supports the idea of a promoter

being present in the cotyledons of early varieties. In his view,

late varieties normally initiate flowers autonomously, as an effect

of ageing; but can be induced to flower at a lower node if grafted

to a stock of an early variety. Early varieties normally are induced
“to flower at a very early age by their own COtyledons, but autonomous
determination can occur if the cotyledons are removed as early as ’
poSsib]e. This theory'has been supported by experiments using pea-

‘seed di ffusates (Highkin, 1955), a]though flowering has been found to

be delayed as well as promoted by this technique (Moore and Bonde, 1962).

“The second interpretation involves the presence of a floral
inhibitor which is present in'the'cotyledons of late varieties of peas.
~Paton and Barber (1955) found that cotyledon removal had no effect on
the flowering behaviour of early varieties but led to an advancement
of NF in late varieties. Grafting experiments between varieties "
(i.e. cross-grafting) confirmed this idea. Barber (1959) employed an
approach combining both physiology and genetics, and suggested that
the gene Sn - which delays NF and induces a response to photoperiod
.and vernalization - produces a flower-delaying substance which he
named colysanthin. This substance must be destroyed before flowering
can occur, and is preferentially destroyed by Tow temperatures
(verha]ization) and a long-day photoperiod regime. In conjunctionv"
~ with Sprent (Sprent and Barber, 1957) he discovered that cuttings of
a late variety would flower out of a lower node once they had been
- leached, and further postulated that the coty]edonary.inhibitor was
both'mobi1e and available up to fourteen days after germination.
-1Experiments'inv01ving removal of the cotyledons of a late cultivar
at’varidus stages after germination have supported this interpretation
__(Johnston and Crowden, 1967), and other workers (e.g. Moore, 1964 1965)
have also obtained resu]ts consistent with the hypothes1s of a .
'coty]edonary inhibitor in late varieties of peas.

It has also been observed that removal of cotyledons in early
var1et1es will on]y de1ay f]ower1ng if carried out at a very ear]y stage
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of germination (up to four days), and perhaps this behaviour is also
the result of a coty]edonary'inhibitOrvwhich is rapidly nobi]ized,v'

but subsequently deactivated or destroyed by the shoot as germination
progresses if the cotyledons remain intact (Johnston and Crowden, 1967).

_'A third»propdsal has been brought'forward by Murfet (1971c). In
dfscussing his experiments on the genetic control of flowering
‘behaviour in peas, he has proposed a balance model controlling flower
initiation, where NF is determined more by a balance between promoter
'and inhibitor than by an absolute amount of e1ther He suggested that
all varieties can produce a promoter in the1r leaves and shoots but
that varieties containing the dominant gene Sn also produces a floral -

- inhibitor in their cotyledons and shoots by virtue of gene Sn. To
explain some of his results, he found it necessary to postulate that
the mutant form, sn, is possibly a leaky mutant causing some inhibitor
to be present'in'eanly varieties. Short days favour the production of
'inhibitor in the shoot until the normal process of ageing reduces its
synthesis or its effectiveness. Gene E lowers the level of inhibitor

in the coty]edons,'and Lf increases the sensitivity of the apex to
dnhibitor or a]ternat1ve1y reduces the sens1t1v1ty of the apex to the
' st1mu1us '

Finally, it has been'foundvthat many environmental variables such
as nutrient ]evels; light intensity and growing temperature can alter
NF and/or the growth réte to some degree (e.g. Fries, 1954; Sprent,
1966b, 1967; Stanf1e1d et al, 1966).. Thisiaspect‘will be dealt with
to a greater extent in Chapters 3 and 4. '

_The wokk to be described in this present programme is concerned
-'brimarily with a consideration of the role of the cotyledon on the
f1owering behaviour in Pisum sativum, with special emphasis on the
late ‘pea cultivar Line 24 - derived from the commercial line
"Greenfeast" - and in its re]at10nsh1p with the env1ronmenta1

fcond1t1ons of photoper1od and vernalization. '




Chapter 2

MATERIALS AND METHODS

‘a  GROWTH HABIT

The growth habit of the various cultivars of Pisum sativum
used in this programme is monoaxial, with one main stem.on which

the leaf axils bear_eithef dormant vegetative buds or flower
primordia. If these vegetative buds grew into lateral branches,
which is a common condition for ﬁ.number of cultivars under S.D.

cond1t1ons, they were p1nched off early égﬁma1nta1n the monoax1a1
condition. ‘

Flowers develop singly or as small inflorescences from the:

rep%dduCtive nodes and once a node has undergone transition from
the vegetative to the reproductive state, all succeeding nodes are
usually reproductive until the plant final]y‘seneéces. However
| under special circumstances reversion to the vegetative state can

occur (Barber; 1959; Kdhler, 1965; Murfet, 1971a). Fully developed
flowers normally arise from these reproductive nodes, but with | |
certain genot§pes and under certain conditions, the initiated flower
may abort before the deve]opnent of the flower pr1mord1um into a
flower bud has proceeded to any great extent. '

Aborted flowers can easily be identified as a withered stalked
'_'StructUre in the leaf axil. In very rare instances a smooth axil

' wasiobserved, and these were regarded as the flower primordia -
having ‘aborted at a very early age. o '

-
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b CHARACTERS . RECORDED

Three main characters were recorded, although in some

| experiments only one may have been noted. The first was growth rate.
In a number of experiments, the rate of leaf expansion was recorded
on the decimal system as. proposed by Maurer et al (1966). To
determine the rate of node formation, the apices of a samp]e‘of

plants in each treatment were dissected at various intervals and

‘. both the number of nodes laid down and the size of the apical meris tem
. .again on a dec1ma1.system as proposed by Maurer et.gl.(1966) -
'were recorded.

The second was the node of initiation of the first flower (NF).
' This node is taken to represent the physiological stage at which the
plant changes from the vegetative to the reproduetive condition,
1rrespect1ve of any vegetative reversion that may. subsequent1y occur,
and also irrespective of the degree of subsequent deve]opment of the
flower primordium into a flower bud or open flower. In a number of
experiments,both vegetative reversion and flower abortion were
recorded.  The cotyledonary node is taken as zero.

The third character was flowering time (FT). .This is taken to
be the nunber of days'from the sowing of the seed to the éppearance
'of'the'first open flower. Obviously this character would not be
_ related to any f]ower initial which did not proceed with subsequent
development into an open f]ower

With many of the experiments that were carried out, the only
character’ recorded was that of NF, as it was assumed that this
factor would be more representative of the true physiological state
of the plant than FT, which could be affected by a change in the
growth rate that was not Specifit for floral initiation. However
in some of the experlments with "Greenfeast“ both FT and the growth
rate were noted, and an attempt made to corre]ate these .
characters. aad N& ‘
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¢ CULTIVARS

Allvthe cu]tivars used were dwarf varieties, since this
facilitated easy handling, and have previously been described by

© Murfet (1971 a,b). The~majority of the work has centred around a
. late-flowering cultivar originating from a single seed selection of

the commercial cultivar "Greenfeast", and designated “Line 24". This

: pure Tine is late for both NF and FT and has the genetic const1tut1on_

for flowering Sn e Lf (Murfet, 1971b) Some of the early work
mentioned previously has involved the commerc1a1 cu1t1var "Greenfeas t"

~ {Amos and_Crowden, 1969). Murfet (1971a) has classified the various
Pisum cultivars into three major phenotypic classes, depending on their

flowering habit. Class ED (early developing) is a plant which flowers
ear]y in both time and node and is unaffected by photoper1od The
first 1n1t1ated flower primordium develops through to a mature flower
in both photoperiods. Class EI (early initiating) is a plant whose.
NF is unaffected by photoperiod but whose FT is delayed under S.D.

‘conditions. This delay in FT is due mainly to the fifst initiated

f10wervprimordia having aborted. Class L (late flowering) plants
behave as quantitative L.D. p]ahts in both node and time. . In making
a_comparison between Line 24 and the other genetic cultivars, five_

~ other. Tines were emp]oyed and these are explained in detail in

Chapter 6.

d GROWING CONDITIONS

The'grOwing_Conditidns'have been described pfevious]y"

(Murfet, 1971a). Plants were grown in 2.7 kgm. tin cans and
- plastic boXes in a-50/50 by volume mixtufe,of 6.4 mm. dolerite
~chips and yenniculitévand'watered each day. Nutrient in the form
‘of ‘a modified Hoagland's solution was supplied twice weekly. The
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¢ontr011ed envfronment facilities provided good control over the -

- length of the light period but only limited control over temperature.
Plants were grown on trucks which automatically moved in and out of
the dark compartments'at'prescribed times, and a system of heaters

‘and fans maintained the same temperature in the L.D. and S.D.
compartMentS; The heaters were able to maintain the night temperature

" above the ambient and lessened the possibility of vernalization on

- frosty nights. No cooling was provided apart from g1asshouse vents

~ which opened automatically at a predetermined temperature to allow a

Cross c1rcu1at1on of outside air. Long days were supplied by

~supplementing natural photoperiod with banks of incandescent and

fluorescent 1ightS'which were adjustable in height.

" Seeds were selected so that their testae were free from cracks
- or obvioUs infections, sunface-sterilized with Thiram-80, and grown
in fresh vermiculfte/grave] growth medium. It was found necessary
‘with Lines 2 and 60 to nick the testa with a razor b]ade so that

fu]]_and regular genm1nat10n_wou1d follow..

e EMBRYO CULTURE '

Seedstwhose embryos were to be excised were imbibed for
8 hours in sterile moist vermiculite, after which time the embryo
~ was aseptically removed and placed on 10 mls. of growth medium.
The med1um sterilized in an autoclave, contained a- range of salts
that are detailed in Chapter 3, together with 2% dextrose and 0.75%
agar to g1ve it a gel-like cons1<tency

_ i 0nce enbryos had been placed on the medium, they were left
to grow until. both a healthy Yoot - system had deve]oped and the
shoot had reached a stage of development where the 5th internode
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was expanding, counting as zero the cotyledonary node. Once

this stage had been reached (see_Figufe 2.1) plahts were’transplanted
- out onto a vefmiCulite/grave1 mix identical with that for intact
plants.

f VERNALIZATION

Vernalized plants were sown as for unvernalized plants, and the
cans placed in a cool room that was kept at a temperature of 3 1°c.
Ihe_hormal period of vernalization was four weeks. However, experiments
were conducted where the vernalization period was varied. '

Embryo vernalization was perfokmed by placing the embryos onto a
sloped nutrient agar growth medium to allow for illumination during
the vernalization period. This illumination was provided by
artificial Tight only, given by banks of incandescent and fluorescent
lights such that the 1ight'intensity at pTant,levei was 50 lumens,
unless otherwise stated. ' | : |

, Experiments were staggered such that at the end of the vernal-
Jzation. treatment, plants had reached a similar level of development
as unvernalized plants (see p. 4.2). '

g GRAFTING

‘The grafting procedure has been detailed previously (Paton
‘and Barber, 1955; Amos and Crowden, 1969; Murfet, 1971c). Seeds
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were germinated at a depth of approximately 15 cms. in moist
vermiculite/gravel mix for four days to encourage extension of the
epicotyl. For the stock, the shdot was decapitated below the first
‘scale leaf, a small rubber band made from bicycle-valve rubber was
slipped over the cut top and the epiCOtyl s1it down the'middlefby a
'sharp‘sca]pe] For the scion, the epicotyl was cut off above the"
cotyledons, cut into a wedge shape with a sharp razor-blade, and
Awedged into the stock (see F1gure 2. 2) (For grafts involving
‘ coty]edon remova], cotyledons a]so were removed at ‘this time.)

A firm union was usually achieved within two to three days and
vigorous growth commenced within.a week. The cotyledonary axils were
checked at regular intervals and any lateral shoots cewcied:.

h EXPERIMENTAL DESIGN

. To allow for statistical treatment of the data, all experiments
were planned as randomized block experiments with four and sometimes
- five reb]ications in each'treatment, A minimum of 20: plants were
invo]vedlin .each treatment although with some treatments, the survival
rate was extreme]y Tow. - The values for means, standard errors and
‘numbers of p]ants scored fOr ‘the var1ous treatments are quoted in the
| tables where appropr1ate
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FIGURE 2.1

. CONDITIONS OF EMBRYO CULTURE

Pictured are Line 24 seedlings that are ready for transpianting.
These embryos were excised from the seed after 8 hours’
imbibition, and grown under S.D. conditions. (From thnston,_'
M.J. (1966), B.Sc.(Hons.) thesis - University of Tasmania.)
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FIGURE 2.2

THE GRAFTING TECHNIQUE
intact.seed]ing,

decapitation between the cotyledonary node and
Teaf node 1.

wedge-shaped scion, and stock withf;;\:féi;}rubber

ring and Tongitudinal slit.

the completed gkaft.






Chapter 3

COTYLEDON REMOVAL AMD EMBRYO CULTURE

a INTRODUCTION

Many workers have connented that the coty1edons of P1sum sativum

’ p]ay a d1rect and incisive ro]e in controlling f1ower behaviour, either

by the prpduct1on in late varieties of a flower inhibitor (e.g. Paton
and Barber, 1955; Sprent and Barber, 1957; Barber, 1959; Johnston and
Crowden, 1967; Chailakhyan anq Podol'nyi, 1968; Paton, 1969) or by the

'1-_production‘inbear1y varieties of a flowering stimulus (e.g. Kéhler, 1965;

Haupt, 1969). The results have been inconclusive either way. In the

 present investigation, a series of experiments has been designed involving

the removal of cotyledons of a lTate variety in an attempt to determine
more precisely how the cotyledons affect the flowering process.

Previous experiments in the laboratories at Hobart have shown

‘that plants which have had their cotyledons removed within four days of
germination were unable to survive.by themselves, and so a technique.of

aseptic embryo culture was adopted similar to that described previously

(Fries, 1954; Johns ton and Crowden, 1967; Amos and Crowden, 1969). The

nutrient agar medium used is described in detail in Section b, sub-section

1 of this chapter (p. 3.2). The method of embryo culture is also

described in the previous chapter.

;’The bresentation of material in this chapter requires some

-explanation. In Section 3b, a number of experiments are described

where nutrient and Tight levels have been varied, and their effect on

' _grewth and:flowering obsenved.. Al though the wbrk'presented in this

section was not pursued to any great extent, it did point out the need

to exercise a rigid control-over*theseAleve]s.

At the commencement of this exper1menta1 programme, two d1st1nct

approaches were made as to the effect of coty]edon removal on f]ower1ng
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The first approach was to remove cotyledons at various stages of deve1op-

ment, as described by Johnston and Crowden (1967); the second was to
remove coty]edons once imbibition had been completed. Although the

second approach could be regarded as being but a small part of the first,

it was decided to present the results in two different sections, as the

~two approaches each contributed different information as to the role of

the cotyledons in the flowering process. Further, although the experimental
programme began with the "sequential cotyledon removal" approach, the
majority of the work that is described in later chapters was involved with
the removal ofvcotyledons_at the early stage of development. The purpose
behind these two approaches will be appreciated when the vemalization

response is discussed in the following chapter.

The two approaches were separated into two distinct sectiohs: the
first of these, Section 3c, records the results of experiments designed
as "Sequehtial cotyledon removal" experiments, and the second, Section
3d, records the results of "early removal" experiments. Section 3d also
contains a general discussion which Tinks the two sections together. It
is- acknowledged, however, that this method of presentation necessitates
some repetition of material. | |

‘b SOME ENVIRONMENTAL FACTORS
AFFECTING EMBRYO GROWTH AND FLOWERING

In this section, experiments are described in which both nutrient
app1ication and Tight intensity have been varied, and the effect on the
vegetative'growth'and NF of embryos in particular are briefly disCusSeq.

I.  MEDIUM
The first experiment concerns the nutrient levels in the medium
on which the embryos were initially grown. An experiment was conducted
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under L.D. conditions where the nutrient'levels in the agar medium
were altered. This experiment was in part inspired by the results
that other workers had obtained in altering the nutrient balance and
observing the effect on excised tissue (e.g. Fries, 1954; de Fossard,
1967).

Experiment 3.1:- Ten different media were prepared as shown

in Table 3.1 and 30 embryos were placed onto each medium. Plants
were transplanted ata;fwg;sthe'stage of "5th internode expanding"

(with the exception of one treatment where it was found necessary
tb transplant plants at the stage of "4th leaf open"), and their
stage of'development recorded, both for roots and shoots (Table
3.2). ‘Plants were then grown to anthesis and their NF recorded,
together with an approximate FT for each group (Table 3.3).

Results:- Table 3.2 shows the effect of the different media on
the rate of growth of embnyos. The No. 8 medium especially had.

- such a profound effect on root development that it was felt
necessary to transplant the embryos at an earlier stage of stem
development than normal. Media 6, 7 and 8 all produced strong
root growth. The presence of glycine and the two vitamins thiamine
and pyridoxine had a deleterious effect on root growth (c.f.

‘media 2 with 1, or 8 with 10), as also did a Towering of the sugar
level (c.f. media 3 with 1, or 9 with 8).

The NF for each different category - based on the rate of shoot
“development as shown “in Table 3 2 - is given in Table 3.3,
together with . aﬂ @wenA axe%f, ~for each medium. From this
;Table, it wou]d appear that the rate of node expans1on(§mhsAewx_,pﬁﬁ3
_ experienced by the embryos while in test-tubes is ‘reflected in
'»kthe final NF. This appéars to be thé case both within a specific
~ treatment and between treatments. For example, the results for
o NF of medium 6 show a significant trend for more rapid growth
. to cause a delay in NF (a - c, P = 0.01).. (In fact this
phenoﬁenon was observed throughout the entire investigation,
although it was not always as significant as shown here.)
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- Also the more rap1d1y grow1ng plants on medium 8 flowered out-of
a h1gher node (14.00) than e.g. their medium 4 counterparts
(13 30) (P<0.001).

1t is of interest to note that the survival rate in this
experiment was in the order of 85%. This figure was found to
be normal for all cotyledon removal work involving Line 24 plants.

Discussion:- These results show that the embryo growth medium can
1nf1uence NF to some extent. The medium may well exert this
effect by alter1ng the growth rate, since plants that exhibited
a more_rap1d rate of growth tended to flower at a higher node.

- The more rapid growth rate exhibited by p1ants on media 6 - 10
may well be linked to the higher phosphate levels in these media,
especially when it occurs in conjunction with increased _MQSO4 levels.
The fact that plants on media 8, 9 and 10 all tended to flower at
a higher node than those grown on media 1 - 7 suggests that the
growth _rate and subsequent NF may be affected by the levels of
potass1um nitrate and phosphate in the medium. FT shows no such
effect.

This effect was not pursued further, but the results from this
experiment emphasized the need to exercise a'rigid control over the
consistency'of the medium. ATthough this particular experiment was
conducted after the major experimental programme had begun, it was
decided to change from medium 1 ‘to ‘medium 8 as the latter medium gave
a more rapid growth rate. All1 future experiments reported therefore
state which medium was used as there is a minor variation apparent in
both the growth rate and NF. '

. I1.  NUTRIENT

, As a result of.the findings:reported in the previous sub-section;
it was thought advisable to test whether the amount of liquid nutrient
given to both intact plants and embryos after transplant had any effect
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on vegetatiVe Qrowth and flowering. Two experiments were conducted
~ at different times in the programme'to determine this effect. Although
the first was essentially a pilot experiment to the second, both are
reported since there is a subtle difference in design between the .two.

Experiment 3.2:- Intact and decotyledonized plants were'grown
under L.D. conditions to anthesis. Plants were given nutrient
“either once or twice weekly, using one of two nutrient stocks
(Table 3.4). The>resu1ts'for NF are given in Table 3.5.

Experiment 3.3:- Intact plants were grown:Under either S.D. or
L.D. conditions and were given nutrient once or twice weekly
from Nutrieht‘Stock a. After 32 days of growth the stage of
node expansion was observed, and the plants then grown through
" to anthesis. The results are g1ven in Table 3.6.

Results:- It can be_seén from Table 3.5 that an increase in the level
of applied nutrient will cause a delay in NF for both intact and
~ excised plants. The dosage rate had a greater effect on NF
(P significant - see Table 3.5) than a change in the nutrient
stock (P not significant). It was with this fact in mind that
Experiment 3.3 was designed. Table 3.6 shows that an increase
in the dosage rate delayed NF for intact plants under either
- photoperiod regime, as well as increasing the rate of node _
] expansion. HoWéver,“FT was not affected by nutrient treatment.
Plants had a more rapid rate of node expansion under L.D.
conditions than under S.D. conditions (c.f. Table 3.11a).

. Discussion:- Although obvious photoperiod and cotyledon removal
effects can be observed, these will be discussed in greater detail
at a later stage. The reason for discussing these two experiments
here is'tb_point out that the level of nutrient supplied will

o affect'botthF'and the'growth'rate, for both intact and excised
: v1p1ants;'and under either photoperiod. Sprent (1966b, 1967),
who obtained similar results to those presentéd here, also found
i that whereas the nutrient level can affect both NF and growth rate,
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a change in the water level wi11'bn1y affect the grthh rate -
"not NF, - ' ' ' |

' As also shown in Experiment 3.1, it seems that there is a
~definite link between the growth rate and NF, perhaps by allowing
plants to Tay down more nodes in a certain period of time. Thus, -
aithough plants will initiate flowers after receiving a certain 
quantity of light, their NF will depend on the number of nodes
that can be laid down within that period. Thisvmatterlwill be -
discussed in detail in Chapter 7. R

Again, a]though_thié matter was not pursued further, the results
emphasized the need for consistency in the nutrient treatment, and as
a standard braCtice, it was decided to apply nutrient to plants twice
each week from nutrient solution a, the solution that was normally.
used- in the Hobart glasshouse. '

IIT. LIGHT LEVELS

The third factor to be investigated'was the level of light |
'ihtensity under which embryos were grown prior to transplanting. This
experiment was performed primari1y'to determine whether the amount of
light reaching the plant at an earTy stage of development would have
an effect on NF, as the seasonal variations in the Tight levels are
quite marked in Hobart.

" Experiment 3.4:- Decotyledonized plants, 24 per treatment, -
~ were grown under L.D. conditions at light levels of 1400,
1700, 350 or 175 lumens until their 5th Teaf had opened. The
" period of time taken to reach this stage was recorded and an
average timevcaTculated (Table 3.7), At this stage, embryos
werejtranSplanted and groWn_undérznormal daylight conditions
to anthesis.  FT‘after.transpTanting and NF were recorded,.
both for each light treatment and for the embryo growth rate
irrespective of the Tight treatment (Table 3.7).
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Results:- =~ It can be seen from Table 3.7 that an increase in
the Tight intensity will cause an increase in the rate of node
expansion. The different Tight intensities under which p]ants
x were grown while in the. test-tubes had no significant effect on
either NF or FT after transplanting. Thefinitial growth rate
had a negligible effect both on the subsequent NF and on FT after
transplanting. ' ' '

DiscusSion:- Since both NF and FT after transplanting are not
affected by the initial 1ight intensity, and since all plants
were transplanted at a similar stage of devé]opment,'it is
-apparent that the growth rate of a11'plants is the same after
transplanting. Although the initial light intensity had an
effect on the initial growth rate, this effect was not expressed
in the resultant NF. It would therefore seem likely that the
growth béhaviour'ofvthe plant has been affected in a different
manner from that exerted by the nutriént lTevels as noted in the
previous sub-section. This matter is also discussed further in
Chapter 7. | | | |

At this stage, the more important observation is that the range
of Tight intensities used did not affect the resultant NF, and it was
concluded that embryos could be grown in’test-tubes under normal
lighting conditions on the floor of the g]aSshoUse, irrespective of
season. '

"¢ .SEQUENTIAL COTYLEDON REMOVAL

As stated in Section 3a, this section dea]s with two experiments
~ involving the removal of cotyledons of Line 24 plants at various stages
~ of deve]bpmént.'_Alfhough the first experiment was in effect a trial
experiment:forithe second, the conditions under which the experiments
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were conducted varied slightly, and different types of data were
recorded. Experiment 3.5 involved the old medium (medium 1) and was
carried out in winter, while Experiment 3.6 involved the new medium A
(medium 8) and was carried out in summer. Experiment 3.5 was concerned
primarily with the number of nodes laid down at the time of cotyledon
- removal ; Experiment 3.6 recorded the number of'expanded nodes after
33 days' growth to determine whether photoper1od had an effect on the
"growth rate. '

Experiment 3.5:- Coty]edonsIWere renbved at interva]s, after
8 hours 1nb1b1t1on and then at 1,2, 4,6, 9 and 12 days after
'-:germ1nat1on had commenced. For each treatment 35 plants were
involved. The apices of 5 plants in each treatment were dissected
at the t1ne of coty]edon removal to determ1ne the total number of
nodes 1a1d down; the other 30 were grown to anthesis under L. D.
conditions.. Plants that were excised at 8 hours, 1, 2 and 4 days
were grown initially on a nutrient agar medium (medium 1) until
the root growth had become established, whereupon they were
transplanted. Plants were then grown to anthesis 5 to a tin.
The results are shown in Table 3.8 and Figure 3.1.

Experiment 3.6:- Cotyledons were removed at the same stages of
development as in Experiment 3.5. However, two photoperiod
regimes were used, and each treatment contained 20 plants.
Plants were again grown 5 to a tin. The rate of development

was recorded as the number of nodes expanded after 33 dayS'of
‘growth (NE) using -a decimal system first proposed by Maurer et
al. (1966) The time taken for the first bud to reach anthesis -
FT - was also recorded The results are shown in Table 3.9 and
NF is d1agrammat1ca11y shown in Figure 3.1.

- 'Resu1ts - Table 3.8 shows that the rate of node formation for MLMX€M
&gxfi the first 12 days of germ1nat1on was approx1mate1y 0.5 nodes/day.
The effect of coty1edon removal on the rate of node expansion (NE)
'and FT was quite marked (Table 3.9). Plants that were;dmdnu&MuAcMA‘huA\
wm test- tubes grew much less rapidly and had a much longer FT than w&d-
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'Arts\ﬂ~$C>were placed d1rect1y into tins. NF showed a

. different response. In fact NF was. advanced for plants that had

their cotyledons removed, and the results shown here agree
“Very well with those presented by Johnston and Crowden‘(1967).

Under L.D. cond1t1ons a progressive delay in. the time dMlk
'Acotyledon removal 1ed to a gradual increase in NF until at 12

days there was no further effect. This delay in NF does not “wyda\
correspond with the more rapid rate of node expansion exper1enced
There appears to be a seasonal d1fference in that the winter crop
“flowered 1.2 - 1.3 nodes earlier than the summer crop, irrespective
of the time of cotyledon removal. This difference is greater

than that observed for the effect of the medium in Experiment 3.1
(approximately 0.5 nodes).

Plants grown under S.D. conditions flowered approximately 6 nodes

~ later than their L.D. counterparts, irrespective of the cotyledon
status. However, plants that were excised 2 days and 4 days after
germination showed an extra response, delaying NF by a further

3 nodes. Photoperiod did not appear to have a significant effect
on the rate of node expansion.

One other observat1on that should be noted is that symptoms of
overcrowd1ng appeared in the 9-day, 12-day and control plants.

Discussion:- Plants that were excised after 8 hours germination
needed to put down another 6 - 7 vegetative nodes before flowering
_could occur - from node 6.0 (NT) to node 12.75 (NF), whereas. plants
that were germlnated for 12 days before excision Occurﬁedﬁwmds& \o
hxﬂ dowa\cW\exkr»\3 - 4 vegetative nodes before transferr1ng

from .the vegetat1ve to the flowering state - from node 12.2 (NT)

to node 15.40(NF). “ S ui@eckti-%ux Q&(mka —excised after

8 hours germination flowered at the same node (node 12 - 13) as

had been laid down,py plants prior to excision at 12 days.
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At the 12-day stage of germination, the cotyledons are beginning to
- disintegrate, suggesting that all the available material has been
mobilized and moved into the axis by this time. This is supported
by the fact that the difference between 12-day excised plants and o
the intact controls is minimal, for both NF and FT. '
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Since ‘the retention of the cotyledons causes a delay in NF of some
3-4 ﬁodes which is not spgéifiéally related to the level of
growth achieved prior to cotyledon removal, it is thought that the
cotyledons are playing a direct role in the flowering process by
producing a substance intimately associated with the delay in NF.

The delay in NF experienced by plants excised at the 2-day and 4-day
stage of germination under S.D. conditions is not. fully understood.
This phenomenon was not observed in all experiments, and is thought
to be caused by seasonal factors, allowing for either a build-up of

inhibitor (see pp.3.13-14) or an alteration in the growth pattern
(see Chapter 7).

point is “discussed more fu]]y in Chapter 7

The growth response'of embryos is similar to that reported by
Fries (1954) and Killeen and Larson (1968). The seasonal
difference as shown in Figure 3.1 existed throughout this
experimehta] programme. This difference may be the result of
a mild vernalization responée (see Chapter 4), a conbination of
minor seasonal variations (e.g. temperature, light jhtensity).or
a change -in the gro&th pattem (see Chapter 7). Whatever the
cause, it did not alter the overall: qua11tat1ve response to
coty]edon removal. Theoretical cons1derat1ons of this.
qua11tat1ve response are discussed in the next. section.’
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" Plants that had their cotyledons removed during the first 4 days
of germination experienced a similar reduction in their growth

rate - as measured by NE - together with a concomitant delay in FT.
Plants that were excised at the 9-day and 12-day stage ofvgrowth
exhibited a similar NE and FT to that of the control plants. NF,
did not show a similar response:%b ci:¥&LwJ¥&ih®wk

It therefore appears that there is a connection between FT and |
the growth rate, and it was felt that NF would be a much more
reliable indicator of a direct cotyledon effect on flowering.

There was however, a lingering feeling that the reduced rate of
growth itself may have had some direct effect on flowering. This
point is discussed more fully in Chapter 7. |

The growth,response'of embryos is similar to that reported by
Fries (1954) and Killeen and Larson (1968). The seasonal
difference as shown in Figure 3.1 existed throughout this
_experimehta1 programme. This difference may be the result of

a mild vernalization response (see Chapter 4), a combination of
minor seasonal variations (e.g. temperature, light jhtenéity).or
a change in the grthh pattem (see Chapter 7). Whatever the
cause, it did not alter the oVera]] qualitative response to

cotyledon removal. Theoretical considerations of this

qualitative response are discussed in the next section.




3.11

d EARLY EXCISION

.In the last section, it was observed that cotyledon removal had - ...
its greatest effect on NF if performed as soon as imbibition is compléte.”
To further study this cotyledon. effect, a number of experiments were
performed with the cotyledons removed at this early stage. In fact the
" remainder of the eXperiments'tO'be described in this thesis ihvoTvingk\,
coty]edon'removal were designed on the basis of obtaining a maximum
cotyledon effect. ' .

Three experiments are reported in this section. The first two
deal solely with the effect of cotyledon removal on the growth rate,
and were designed as pilot experiments. Experiment 3.7 was performed
on medium 1, was limited to one photoperiod, and measured the growth
rate by the rate of node formation. Experiment 3.8 was performed on
medium 8, involved both photoperiods, and measured the growth rate by
the rate of node expansion. The results of two experiments are given
in Experiment 3.8 in order to draw attention to one aspect of the ‘
photoperiod response. (Although in retrospect it seems obvious, at
the time there was no thought given to measure both parameters in the
same experiment.) Experiment 3.9 is a fully factorial experiment
showihg the effect of cotyledon removal and photoperiod on NF and FT.

It has the same basic design as' Experiment 3.8 but was performed at a
di fferent time of the year..

Experiment 3.7:- Intact and decotyledonized plants were grown

“under L.D. conditions, and the apices of 8 plants were dissected
at various time intervals up to 30 days after germination to
determine the rate of node formation. The results are shown
in Table 3.10 and Figure 3.2. |

~ Experiment 3.8:- Intact and decotyledonized plants were grown

. under S.D. and L.D. photoperiod regimes, and their stage. of
development after 33 days' growth was recorded as the number
of expanded nodes. The results for two such experiments,
conducted one year apart, are given in Table 3.11.
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Experiment 3.9:- Intact and decoty1edonized plants were grown
under S.D. and L.D. photoperiod regimes as in Experiment 3.8,
and both NF and FT recorded. The results are given in Table 3.12.

Results:- From Table 3.10 and Figure 3.2 it can be seen that
cotyledon removal drastically reduced the rate of node formation.
Under the conditions of this experimenf.the average rate of node .
formétion for intact plants was 0.42 nodes/day, and for
decotyledonized plants 0.16 nodes/day. From Table 3.11, the rate
of node expansion was also much reduced by cotyledon removal

(see also Table 3.9). Although photoperiod may have an effect on
the rate of node expansion (e.g. Table 3.11b) this did not always
occur (Tables 3.9, 3.1la). When it did, the rate of node expansion
was always greater in plants grown under L.D. conditions.

The effect of cotyledon removal on NF can be observed in Table
3.12 (see also Table 3.9). Coty]eddn removal reduced NF by
approximately 3 nodes under either photoperiod, and plants in
S.D. conditions flowered approximately 6 nodes later than .those
under L.D. conditions, ’ o

Discussion:- The results presented here further demonstrate that
cotyledon removal at imbibition causes a reduction in both the
rate of hode formation and the rate of node expansion, and causes
a reduction in NF of approximately 3 nodes. These results are in
general agreement with those obtained by Moore (1964, 1965).
However, it must be emphasized that not all experiments showed

- such a clear-cut response of 3 nodes as did the one reported here

(c.f. Table 3.9). ‘

Many workers have suggested that the cotyledons of late varieties
of Pisum sativum contain a floral inhibitor in their cotyledons

‘'which passes to the shoot during germination and delays flowering
'(e.g.'Paton and Barber; 1955; Barber, 1959; Sprent, 1966a; |
Paton, 1969); removal of the cotyledons during germination will
remove the supply of inhibitor and cause plants to flower. out of
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a lower node. These present experiments did in.fact show that
NF can be advanced \:/ S0 if the cotyledons are removed
~during the first 12 days of germination. (By the 12-day stage of
growth, the cotyledons have begun to rot aWay, so it would not be

expected that they would exercise any effect after this time.)

On this a35umptibn, the mqvement of inhibitor begins soon after
imbibition is complete and continues during the first 12 days of
~germination. This fact agrees with the results of leaching
~experiments on cuttings of a late pea variety (Sprent and Barber,
1957). The inhibitor wbqu_set a threshold Tevel which must be
surpaSSed.by an_dpposing inductive stimulus before flowering can-
occur. Further, if production of the stimulus is dependent upoh
~the amount of light reaching the plant, the effect of short days
would be to delay the attainment of this threshold level by reducing
the rate of production'of the inductive stimulus. Therefore, S.D.
conditions would enable an extended period of vegetative growth to
oceur - approximately 6 nodes - before this threshold is surpassed.

Both Sprent (1966a) and Paton (1967) have conducted'experiments
invo]ving}leaf»remova] in efforts to determine the role of the
leaves in the inductive process}- Whereas Sprent suggests that the
role of the 1eaf‘is more of a qUalitatiye nature than a quantitative
"one,'Paton disagrees and later-‘experiments involving masking of
1eaves'support this view (Paton, 1971). - However, one of the greatest
problems 1nvo]v1ng leaf removal was its effect on the rate of node
format1on, and it was thought that the primary effect on NF may

have been a result of a change in the growth rate (Sprent, 1966a;
Paton,:1967). ‘

The apparent anoma]y existing with the 2-day and 4-day treatments

requires further dlscuss1on (Table 3.9). Murfet (1971b) has .
'}suggested that the inhibitory substance is’ produced in the shoot
~as well as.in the cotyledons. If this is in fact the case, the

| ',1ongerethe_period of time that plants are subjected ‘to S.D.. -

coﬁditions,.the more inhibitor would be produced in the shoot.
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From Table 3.9, 2-day and 4-day plants take approximately 40 more
days to reach a flowering condition than plants which have been
excised at 9 and 12 days. This extra period of time would
-presumably be sufficient for an amount of inhibitor to be manufact-

~lured to raise the threshold- leve] | sufficient to produce-an: add1t1oné1
delay of approx1mate]y 3 nodes as observed in- Exper1ment~3‘6

A e e —

Other workers have interpreted their results differentiy. Both
Kéhler (1965) and Haupt (1969) have suggested that cotyledons of

- late varieties do not contain any inhibitor at all, and plants will

. flower autonomously once they have reached a certain stage of develop-

"ment. The results presented here do not appear to support this

| " theory. Although Haupt (1969) comments that cotyledon removal may
advance NF by temporafi]y arresting growth, the difference in the

~ number of expanded nodes between intact and decotyledonized plants
does not correspond with the difference in NF.

From Table 3.9, it is appakent_that plants excised at 1-day, 2-days
and 4-days can be grouped together on the basis of growth rate (NE),
‘as can plants that were excised at 9-days,'12-days, or had their
éoty]edons left intact. Although FT shows a similar response, the
-effect of cotyledon removal on NF is seen to be a gradual one,
especially under L.D. conditions (Tab]es'3.85_3.9); Although there .
- may be a connection between the effect of cotyledon removal on both
the .growth rate and NF, it does not explain fully the results
presented here. This "connection® is discussed further in Chapter 7.

It was with these conclusions in mind that experiments involving
‘'various vernalization treatments were conducted in an attempt to further
understand the cotyledon response.



TABLE 3.1

CHEMICAL COMPOSITION OF 10 DIFFERENT AGAR MEDIA

Medium 1 was used at the beginning of the experimental programme , but wedives %- »_Aizp_fs'u&i&&kf on the completion of this experiment.

Figures underlined show where the various media differ from the two standards.

Medium
Unit Ingredients 1 2 3 4 5 6 7 8 9 10
(:a(N03)2 .6 .6 .6 6 6 .6 .6 2 2 2
- KNO3 .25 .25 .25 .25 .25 .25 .25 1 1 1
m MgSO4 .2 2 2 2 5 .2 5 5 5 5
KH2P04 .25 .25 .25 .25 .25 12.5 12.5 12.5 12.5 12.5
FeSO4 .05 .05 .05 .5 .05 .05 .05 .05 .05 .05
E.D.T.A. .05 .05 .05 .5 .05 .05 .05 .05 .05 .05
CuSO4 - - - 1 - - - .1 .1 .1
MuSO4 - - - 10 - - - 10 10 10
/«.M
. ZnSO4 - - - 2 - - - 2 2 2
H3803 - - - 10 - - - 10 10 10
+ glycine 3 - 3 3 3 3 3 - - 3
mgm/ + thiamine 0.1 - 0.1 0.1 0.1 0.1 0.1 - - 0.1
Titre
+ pyridoxine 0.1 - 0.1 0.1 0.1 0.1 0.1 - - 0.1
sugar 2 2 0.2 2 2 2 2 2 0.2 2
%
agar 0.75 .75 .75 5 .75 .75 .75 .75 .75 .75

Experiment 3.1

G1°¢



TABLE 3.2

EFFECT OF THE MEDIUM ON TRANSPLANT TIME (T), ROOT DEVELOPMENT AND. SHOOT DEVELOPMENT
INEEXCISEDEEMBRYOS OF LINE 24 (SPRING CROP)

L.D. photoper1od only was used. n, number of plants scored.-

| IR o S Medium B |
Characters Recorded | 1 | 2 | 3 | 4 | 5 6 7 | s 9 | 10
T(days) | 25 v | 25 | 20 | 2 18 18 || 13 |18 | 18
Root development  |average | strong | weak |average | average | strong |strong || v.strong| average| weak
o - - - slow slow : ' ' :
_ start start
Shoot development * : | - _
(a) 5th leaf open 12 10 10 o 6 -7 12
] (b) 5th internode o ‘ : v : _
"~ expanding 16 12 11 6 8 6 6 10 10 6
(c) 4th Teaf open 4 | 16 12 17 12 10 5 12
't (d) 4th internode 5 10 5 7
expanding . . | ‘ “ -
n 28 26 30 27 26 30" 28 25 | 27 25

) *'_ The f1gures in the columns score the number of plants wh1ch have reached the stage of development as shown at

the t1me of transp]ant

:-ihe NF -data for p]ants transp]anted at d1fferent stages of deve1opment is g1ven 1n Table 3.3.

Experiment 3.1_

or'e



EFFECT OF THE MEDIUM ON NF AND FT»IN‘EXCISED EMBRYOS OF LINE 24 (SPRING CROP)

;‘

TABLE 3.3

The results for NF are cepeeted “in the first instance to relate with Table 3.2. L.D. photoperiod only was used.
n, number of plants scored. The figures for NF.and n of intact controls are also given. '

n

Characters Medium
Recorded - '
1 2 3 4 5 6 7 8 9 10
NF (a) 13.5 | 139 | 1.0 14.0 | 14.3 143
(b) 13.6 13.7 13.4 13.8 13.5 4.0 14.0 14.0 13.7 14.3
(c) ' 13.0 13.8 13.1 13.8 | 13.3 13.8 14.4 4.0 | 13.9
(d) ) 13.5 13.2 13.9 13.2 113.9
_ NF&axgaﬁt ) 13.56° | 13.64 13.69 13.30 13.77 | 13.69 13.75 | 14.00 14.04 14.00
-+ SE .11 .11 .12 .09 _ 12 .15 .12 .14 © .10 .12
>n.(m“wuu%\¢ugs) 26 25 26 27 26 26 28 25 23 24
FT (approx.) 63 61 63 62 62 62 62 59 63 64
Control NF ~ 15.70 = .16

(AR PR, n

20

Experiment 3.1
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TABLE 3.4

3.18

 CHEMICAL COMPOSITIOM OF TWO NUTRIENT STOCKS

| . Nutrient Nutrient
Ingredients - Solution a Solution b
: .;’é(N03)2’ »10 20
KNO3 . 10 10
“'MgSO4 .4 8
| KHPO, 2 4
- Feso, .2 5
E.D.T.A. .2 S
- AM
Hg80, 90 100
ZnSO4 ) 2 20
'CUSO4 0.6 1.0
Mso, 18 100
NaMoO, 0.2 1.0

Nutrient solution a: The solution normale used in :
o “.the Hobart glasshouse. . =~ .

" Nutrient solution b: A solution based on de Fossard (1967).

1EX§eriment 3.2
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TABLE 3.5

EFFECT OF TWO NUTRIENT STOCKS ON NF IN INTACT AND DECOTYLEDONIZED
~ PLANTS OF LINE 24 (SUMMER CROP)

Both nutrient stocks were administered once or twice weekly.
L.D. photoperiod only was used. n, number of plants scored.
Nutrient agar medium 8. 4

- Cotyledon Status
Stock | Dose/. Intact  Excised
- | Week : — — —

n NF SE _ n NF SE
a |1 |2 163 .15 14 13.57 .17
2 20 16,95 .14 12 14.33 .2

(P = 0.01) (P = 0.02)
b |1 |20 150 .4 | 8 1400 .33
| 2 |20 17.05 .15 10 - 14.90 .23

(0.001<P<0.01) | (0.02<P<0.05)

EXperiment 3.2
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TABLE 3.6

EFFECT OF NUTRIENT DOSE ON NF, FT AND NE (NUMBER OF EXPANDED
NODE FTER 32 D G 1 PL
' (SPRING CROP) '

Both S.D. and L.D. photoperiodé were used.

S.D.
Dosage Characters ' . L.D.
Rate/ Recorded
Week n = st | n = SE
NE 16 9.14 .10 15 10.37 .09
1. NF | 16 20.94 .35 15 15.38 .24
FT 16 63.44 .88 15 46.08 .56
| CHNE 15 9.97 | .10 | 15 | 10.75 | .12
2. NF 15 22.13 .50 15 16.07 .21
FT 15 63.67 [1.04 | 15 | 46.03 .44
P (for NF) 0.05 0.02<P<0.05

Experimeht 3.3




TABLE 3.7

EFFECT OF LIGHT INTENSITY AND GROTH RATE ON NF AND FT IN EXCISED PLANTS OF LINE 24 (SPRING CROP)

L.D. photoperiod only was used. n, number of plants scored at f]owering. Nutrient agar medium 8.
The results for NF and FT of. intact control plants are also given. '

Experiment 3.4

| Time to Reach Light Intensity (Lumens) T - n NF
5th Leaf Open From Transplant
~ (Days) 1400 790 350 175 (Dpays)
_n n n n
17 15 12 3 - 44.20 = .31 30 14.47 + .10
19 8 4 6 3 43.47 = .56 20 | 14.55 + .17
21 8 9 - 43.94 = .60 17 | 14.24 + .14
23 6 11 43.71 = .63 17 14.35 + .23
25 8 45.50 = .10 8 | 14.13 + .04
28 . ) - - -
Average Time |17.70 +.20 |18.67 +.37 | 20.50 .40 | 23.58 .47
to Transplant ' :
(Days)
FT - From
Transplant 43.95 =£,44 143,71 +.35]43.75 £.651{44.73 +.61
(Days) '
" n 22 24 24 24
 NF 14.55 +.14 }14.25 +.35| 14,38 +.16 | 14.41 +.17%
- CONTROL FT n NF
42.58 + .62 12 17.08 + .36

12°¢



TABLE 3.8

EFFECT OF COTYLEDON REMOVAL AT VARIOUS STAGES OF GERMINATION ON NF IN PLANTS OF LINE 24 (WINTER CROP)

L.D. photoperiod only was used. Data is also given for the number of nodes laid down at the time of
excision (NT). n, number of plants scored. Nutrient agar medium 1 (see Chapter 3.b.I).

Time of Cotyledon Removal
Characters I~ — T
Recorded} 8}hrs. 1 day 2 day 4 day 6 day 9 day 12 day Control
NT | 6.0 6.2 7.0 8.0 | s.8 10.5 12.2 .
N | 12,75 | 12.88 | 13.04 13.24 14.00 | 14.564 | 15.40 15,43
+SE 4 .19 14 .10 a1 ] s .14 12
n 20 | 17 25 21 19 28 30 30

Experiment 3.5
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‘-EFFECT,OF,COTYLEDON_REMOVAL‘AT VARiOUS‘STAGES OF GERMINATION ON NF IN PLANTS OF LINE 24 (SUMMERvCROR)

 TABLE 3.9

Both S.D. and L.D. photoperiods were used.  Data is also given for the number of expanded nodes aftek 33 days'
- growth from germination (NE),and the flowering time (FT).. n, number of plants scored. Nutrient agar medium 8.

Characters

Time of Cotyledon Removal

39

Photo-
period Recorded 1 day 2 ddy 4 day 6 day 9 day 12 day Cbntro]
NE 6.6 6.8 - 9.2 11.4 11.8 11.8
S.D. NF + SE 21.60 .58{ 23.69 .44 23.63 .52 (20.84 .43 | 22.11 .34)21.76 .41} 22.11 .31
n 15 16 16 19 18 17 19
] FT (days) 103 106 98 69 62 58 58
NE 7.2 7.2 7.6 9.2 11.2 11.8 11.8
L.D. MF * SE 14.21 .14 14.41 .17 14.63 .20 |15.00 .19 | 15.70 .13 16.70 .25| 16.65 .18
N 19 17 19 19 20 20 20
FT (days) 54 - 54 51 43 39

39

Experiment 36
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TABLE 3.10

3.24

EFFECT OF COTYLEDON REMOVAL ON THE RATE OF NODE

FORMATION IN PLANTS OF LINE 24 (SUMMER CROP)

L.D. photoperiod only was used. The average rate
of node formation is also given. Nutrient agar medium 1.

Cotyledon Status
Time (Days) Intact Excised
0 6.00 + .00 6.00 + .00
4 7.00 + .00 7.00 + .10
6 8.00 + .00 7.50 + .15
9 9.70 + .15 7.80 + .10
12 11.20 + .13 8.30 + .13
16 13.00 + .00 8.50 + .17
20 14.90 + .10 9.00 + .12
26 17.00" 10.40 + .14
30 11.20 + .13
Average Rate
of Node 0.46 nodes/ 0.15 nodes/
Formation day day

* flowering

Experiment 3.7




~ TABLE 3.11

EFFECT ‘OF COTYLEDOH REMOVAL OH NE (THE NUMBER OF
LANTS OF

'AFTER 33 DAYS' GROWTH)

EXPANDED NOD

LINE 24 (SPRING CROP)

Both S.D. and L.D. photoperiods were used. n, number of
Nutrient agar medium 8. '

plants scored.

(a)

Cbty]edon Status S.D. L.D.
n NE + SE n NE =+ SE
" Intact 10 9.9 .10} 10 10.2 .12
Excised 10 5.4 .17 1 10 5.6 17
(b)
CotyTedon Status S.D. - L.D.
, n NE + SE n NE s+ SE
Intact 28 9.4 1 29 10.4 .1
Excised 39 5.4 .1 35 5.8 1

3.25

. Experiment 3.8



EFFECT OF COTYLEDON REMOVAL ON NF AND FT

TABLE 3.12

IN PLANTS OF LINE 24 (WINTER CROP)

3.26

‘Both .S.D. and L.D. photoperiods were used. n, number of plants

scored. Nutrient agar medium 8.

Cotyledon

S.D. L.D. -
Status —
n | NF+ SE | FT{ n| NF+ SE |FT
Intact | 16 |22.06 .36 | 75 | 13| 16.00 ~ .23| 54
" Excised 19.00 .50 | 109 | 22| 13.00 .13| 78

23

.

* Experiment 3.9
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Chapter 4

VERNALIZATION

- a INTRODUCTION

.It.is a well documented fact that late varieties of Pisum sativum
will respond quite mafked]y to a'pehiod of vernalization treatment given
during germination (e.g. Barber, 1959; Highkin, 1956; Moore and Bonde, |
1958, 1962; Stanfield et al, 1966; Paton, 1969). This response to
vernélization consists of advancing both NF and FT, and occurs in both
‘intact and decotyledonized plants under both S.D. and L.D. photoperiod
regimes (Amos and Crowden, 1969). o

" Although Highkin (1956) observed that the effect of temperature is
most easily detected during the early stages of development, Barber (1959)
has stated that vernalization in late varieties of peas is most likely a
continuous process and not restricted to the early stages of growth. He
- further obsérved that prior vernalization reduces the photoperiodic -
respdhse and suggested that the two reactions compete with eachfother.
:Patoh’(1969); who demons trated a separation of those events related to
-the  leaf requirenent (induction) and those between induction and.initiation
: ofxthé first flower (evocation - Knox ahd'Evans,,1968). surmised that the -
~ effect of seed vernalization is probab]y additive to that of photoperiod.
-He'suggested that whereas photoperiod influences induction, vernalization
'ianQences evocation by repressing the synthesis of a graft-transmissable’

floral inhibitor. . | |

| From the’resu]ts of experiments reported in this chapter, Ambs
and Crowden (1969) showed that in late cultivars vernalization appears
to have two separate effects, both of which promote flower initiation
. to a lbwernhode; Although thevsma11ér-effect is manifest on the
cotyledonafy.inhibitor-system,,the.méjor effect occurs in the young
embryo énd'iS»effeCtiyé before photoperiodic induction has occurred.
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:They further suggested that this effect may be part1a]1y obscured by
the cotyledonary 1nh1b1tor(co]ysanth1n) unless the coty]edons are.
removed soon after verna11zat1on 1s comp]eted

“In preliminary experiments leading up to this present_investigation,
it was observed that a vernalization period of 1 week will’result'in a
~ number of new nodes formed approximately equivalent to l'day's growth
;under normal temperatures 2 .weeks equ1va1ent to 2 days, and so on.
‘This fact has been taken into account in the exper1nenta] des1gn such
. that unvernalized plants were p]anted e.g. 4 days prior to vernalized
' p1ants.comp1eting-a Vernalizationiperiod of 4 weeks. It has also been
taken into account when calculating FT and growth rate.

: Inﬂthis chapter, the_vernalization'response'1s,dea]t with in some
bdetail in an attempt to determine both its site of action and the stage
of deve]opment at which the response to verna11zat1on is manifest. The
presentation of material is in four sections. . The f1rst of these,
Sectionf3b, dea]sxwith_a pilot experiment where embryos were vernalized
under different light intensities to determine any effect on NF. Section
3c deals wjth the effect of vernalization on plant growth.' The third
'-__section, Section 3d, isﬁconcerned with:the»effect of vernalization on

flowering;. Section 3e is a genera]'discussion. '

b _.VERNALIZAT-ION AND LIGHT INTENSITY

Th1s sect1on is concerned with the 11ght 1ntens1ty under wh1ch
embryos were vernal1zed In most experiments, embryos were verna11zed
‘under L.D. conditions with a light intensity of approximately 50 Tumens.

However, in- the first exper1ment where enbryos were. verna11zed under
.both S.D. and L.D. conditions, a re]at1ve1y h1gh Tight: 1ntens1ty
(approximately 1400 lumens) was used and most of the embryos died

(c.f. Experiment:3,4). ‘The purpose of this experiment was both to find
a sotisfactory 1eve1fof light intensity which would allow embryos to



4.3

surv1ve through to the post verna11zat1on stage and to observe any
effect of 11ght 1ntens1ty on the subsequent NF.

- Experiment 4.1:- ‘Decotyledohized p1ants, 20 plants per

;‘treatment;'were subjected to a vernalization period of 4 weeks .
‘under’ L.D. conditions at light intensities ranging from 50 - 800
“lumens. At the completion of the vernalization treatment, plants
‘were grown to anthes1s under normal L.D. cond1t1ons and scored
“for NF. The resu]ts are given 1n Tab]e 4 1.

Results:- Table 4.1 shows that no enbryos survived if vernalized
at a light intensity of 800 Tumens , and only 3 of the 20 survived
if verna11zed at 600 1umens 'There was no signifiCant effect of
"11ght 1ntens1ty on the subsequent NF (P - not s1gn1f1cant), while
--a normal verna11zatjon effect was observed, although not as large
< .as:normal, A]though nOt'recorded'in the Table, it was also noted
-that "high 11ght 1nten51t1es promoted shoot growth wh11e ]ow light
1ntens1t1es favoured root growth.

”Discussion-- The low'values for NF of the control plants are
attributed to the winter conditions, and it is thought that
- p]ants may have been affected by the 1ow growing temperature
:dur1ng the post-vernalization period of growth. It seems that
‘ ‘the. max1mum 11ght intensity at which embryos can be vernalized
4 under L D. cond1t1ons 1s between 400 and 600 lumens. Since high
) 11ght 1ntens1t1es encourage shoot growth, it-is. thought that
. plants. whjch.are exposed to high light intensities during -
~ vernalization die from exhaustion, as the temperature would hot
o allow for growth to be as rap1d as is requ1red by the Tight .
: -1ntens1ty '

JThe 11ght 1ntens1t1es used here d1d not have any s1gn1f1cant effect

(CPIE WEIEN

on NF and future exper1ments were conducted at the Tow 11ght 1ntens1ty
of 50 1umens to pronmte a v1gorous root growth
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¢ VERNALIZATION AND GROWTH RATE

In a previous experiment (Experiment 3.7) it was observed that
‘ cotyledon removal had a marked effect on' the growth rate of excised
plants;, and the subsequent advancement of NF was discussed - at least
in part - in relation to this effect. Since vernalization also advances
NF, it was felt necessary to determine whether prior vernalization also

_*Aaffected the growth: rate of plants, and in this Sect1on an_experiment is

descrlbed where ‘the effect of vernalization on the growth rate of both
intact and exc1sed plants was exam1ned '

Experiment 4.2:-  Intact and.decotyledonized plants were either
left unvernalized or vernalized for periods of from 1 to 4 weeks
and then grown to anthesiS‘under L.D. conditions. The apices'of
10 plants were dissected at various time intervals after_comp]etjon
‘of the vernalization treatment until flowers had been initiated to
-~ determine the total number of nodes laid down. The resu]ts are
~given in Table 4.2 and Figure 4.1.

*. Results:- Under the conditions of this experiment the rate of
_ node formation for intact plants was 0.50 nodes/day, and for '
- decotyledonized plants 0.24 nodes/day (c.f. Experiment 3.7).
Prior vernalization had no effect on the rate of node formation
(see Figure 4.1). | |

“013cuséion;é The reéu1ts are in general agreement-with. those
~_ presented for cotyledon removal in Exoeriment 3.7, and in Paton
" (1969). - The effect of vernalization on flowering behaviour is

'in'no way related to a change in the growth rate - ‘as may be
-”the case with cotyledon removal - since the growth rate is.

" not affected by pr1or verna11zat1on treatment.
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" d' VERNALIZATION AND FLOWERING "

In this section, the effect of vernalization on flowering is

‘examined in some detail. The.settion is divided into three sub-sections.
- The first is concerned with the effect of vernalization on excised plants

under L.D. conditions, the second deals with an experiment which was

'des1gned to determine whether immature seeds have the capacity to respondt
Ste verna]1zat1on wh11e st111 in the pod,.and the ‘third is concerned with
»the quest1on of an 1nteract1on between photoper1od and vernalization.

1. VERNALIZATION OF EXCISED PLANTS

"3Four experiments are described which'were designed to determine -
the Tikely site of action of the vernalization response. A1l of them

- were conducted under a L.D. photoper1od reg1me and a11 embryos were :
- grown on medium 1. ' '

rThe first of these experiments deals with both the period of

R vernalization necessary to elicit a max1mum response and the effect
of. coty]edon removal . on that response.

.‘Experinent 4.3:-' Six,differentvverna]ization treatments were
employed.. Within each treatment, 50 intact and 30 decotyledonized -
plants were exposed to a temperature of‘3°C for periods ranging

' from 0 - 6 weeks At the completion of the vernaTization treatment,

‘ ‘coty]edons were removed from 30 of the 1ntact p]ants, and then all

o Ip]ants were grown to' anthesis under L.D. cond1t1ons The results
A‘~‘3pare shown in Table 4 3. and F1gure 4.2. S

"-Resu]tst-',Fprrintact~piants,'there,was-a gradua].advancement in
< NF with increasing exposure to vernalization up to 4 weeks, at
o Which'stage NF -again began to be delayed. For decotyledonized

' p]ants, the advancement of NF was more abrupt, and it was obvious

,~that .some plants responded maximally to. verna11zat1on with only

': a 1-week treatnent However, the average NF fell to a minimum-
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- after a 3-week treatment After this- t1me, the NF for p]ants
that were decoty]edon1zed after verna11zat1on was again
delayed (to NF 13.33 at 4 weeks and NF 13.66 at 6 weeks), whereas
the NF for plants that were decoty1edon1zed prior to vernalization
: rema1ned around 12.

It is obvious that notIOnlyAdo excised plants respond to vernalization
~in a different fashion‘thaﬁ intact plants, but also the time-of cotyledon
remova] is 1mportant s1nce plants that were excised prior to a 4-week

or 6-week verna11zat1on treatment showed a different response to those

that were excised after similar periods of vernalization treatment. This
fact was explored further in the second experiment, where p1ants were
exc1sed dur1ng the vernalization treatment.

cggperiment 4.4:~ Enbryos were dissected. from imbibed seeds wh1ch o
5had been verna11zed for vary1ng per1ods up to. 4 weeks. Some of .
- these embryos were then given extended verna11zat1on treatments up

| -to a total of 4 weeks, in isolation from the cotyledon 1nf1uence The
, _rate of node. format1on from the: conc]us1on of the various vernalizatio

.treatments was determ1ned for both intact and eXC1sed plants by -
d1ssect1on of the ap1ces of a number of plants. P]ants were. grown

fto anthes1s under L D. conditions and their NF recorded The

.fresu]ts are shown 1n Tab]e 4.4, ‘

ReSults 2= Again'it can be seen- that intact plants'shOWed a
4progressive advancement 1n NF as the verna11zat1on period was
3extended to 4 weeks. - However, if the cotyledons were removed
'mbefore post- verna11zat1on growth commenced ‘then..a verna11zat1on
period of 1.-week only was sufficient to cbtain an almost max1mumf
dadvanCement'of NF. ‘

Cotyledon removalfduring a vernaTization treatmentlof greater
‘than 1 week had little effect .in further advancing NF. ‘Plants
~ that were decotyledonized after vernalization flowered out of a
_ highervnode'thanjthose that were'decotyledonized prior to
: verna1ization,_a1thongh in this case the difference was not as
marked'as_in-Experiment 4.3, |
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The grewth rdte‘of intact plants was.in the order of 0.50
‘nodes/day, and for excised plants about 0.25 nodes/day. Prior
vernallzat1on had no effect on the growth rate (see. also Experiment
4 3)

It would seem from the previous two experiments that the coty]edons
doin fact play a fairly substantial role in the flowering behaviour
of Line 24 p1ants In ‘the th1rd experiment, th1s role was examined
further by remov1ng on]y one coty]edon and subJect1ng these plants to
a verna11zat1on treatment. '

Experiment 4.5:- Intact, eemi-decotyledOniZed and fully-

decotyledonized pTants_were.either;left unvernalized or given

a vernalization treatment of 4 weeks. On completion of
vernalization, plants were. grown under L.D. conditions to anthesis
and scored for NF. The results are’gfven in Table 4.5 and Figure
4.3.

Results:- ‘Table 4.5 shows that the vernalization effect was

d‘apprqximately 2 nodes, irrespective of cotyledon status, and

Q.that further, the cotyledon effect was about 2 nodes, {rreSpective

,.6f Verhalization freatment Remov1ng one of the cotyledons caused
p]ants to flower at an intermediate NF. '

‘The prev1ous three experiments have shown that verna11zat1on has
a marked effect on the. flowering, behaviour of both intact and exc1sed
p]ants if- g1ven once germination has.conmenced. A further experiment
was designed to see whether the vernalization effect was modi fied in‘
any way if given to p]ants at d1fferent stages after germ1nat1on had
‘ commenced ‘

Experiment 4.6:- intact plants were germinated for'varying
intervals. to 14 days before vernalization treatments of 4 weeks,

were begun, and the cotylédons were removed from different groups
of.plants immediately before or after vernalization. The entire
experiment was conducted under L.D. conditions. Plants were
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grown to anthesis, and the results. for NF, the number of nodes
- laid down pr1or to and at the conc]us1on of the verna11zat1on
treatment are g1ven in Tab]e 4. 6

ReSu]ts:- - It can be Seen from Table 4;6-that, irheSpective of

" the cotyledon status, the response to vernalization decreased as

»germination and grbwth of the plants progressed. In fact, once
plants had reached the node 12 - 13 stage of development (between
'210 ‘and 14 days after germ1nat1on), verna11zat1on had no significant
effect on NF. Cotyledon removal at 14 days was without effect on

unyerna]ized plants, but an effect of marginal significance

(P = 0.05) was still apparent with vernalized plants. As shown
'prev1ous1y (Tab]es 4.3 and 4.4), cotyledon removal before vernaliz-
‘ation resulted in a greater advancement of NF than did. post-

_ verna11zat1on excision.

" The decreasing effect of vernalization on NF. is not correlated
with a change in thehrate of node formation during the vernalization
period. For intact plants, the rates of node formation during,the
-vernalization period given after 6, 10 and 14 days' germination
“were approximately the same in all cases (approximately 0.5
'nodes/week).‘ If.the cotyledons were'removed'prior'to vernalization,
the*number of nodes formed per week in the embryos during vernaliz-
'ation'increased sharply from 0.05 at 6 days to 0.15 at 10 days to
0.5 at 14 days, whereas the. effect. of - verna11zat1on in. these groups
' of plants showed an almost 11near dec11ne

Diseuésidnﬁ% The nature'of the vernalization response is clarified

" by the resu]ts’of the series of experiments: presented hehe From
‘the outset, it must be emphas1sed that the verna11zat1on response

j_vd1ffers marked]y from that of cotyledon remova] in that verna11z-

- ation- does: not affect the rate of subsequent. ‘node formation to any
great extent (seenTables 4.2, 4.4; Figure 4.1).

Tables 4.3 and 4.4 show'that:a'majdr effect of vernalization is
manifest directly on the embryo, ahd that this response to
Vernalizatiqn4hequires.on1y a comparatively short-term exposure



4.9

 to 10w'temperature in order to yield a maximum response. ‘Since

under normal growing conditions the NF of vernalized plants does not
regain the original value for unvernalized controls, it would appear
-that the effect of vernalization on the embryo is partially
obscured if the cotyledons are left. attached to the growing plant
after verna11zat1on

It is this series of experiments, dealing with the vernalization
. response;, that has .provided the best evidence for the presence
‘of a floral inhibitor in the cotyledons of late varieties.

~ Both Barber (1959) and Paton (1969) have implied that the response

" to vernalization can be interpreted in terms of a direct effect of

vernalization on. the cotyledon inhibitor, either by destruction or

| by reduced synthesis. However, it appears from these experiments

- that any effect of vernalization on the cotyledon system is
_significantly less than the maximum response that can be realised.

This maximum nesponse to vernalization is achieved on]y'if cotyledons

- are removed before post-vernalization growth at normal temperatures
'15 a]]owed to occur; the presence of the cotyledons appears to.

. reduce th1s max1mum response :

'NOr is there evidence in these experiments to endorse the proposal
- brought forward by Barber (1959) that vernalization leads to the
'destruct1on of colysanth1n at the plant apex. In most experiments
"v1nv01v1ng both verna11zat1on and cotyledon. removal, vernalization
is' more effective in advancing NF than coty]edonAremoyal alone.
I'f colysanthin is indeed the substrate for thepverna]ization response,
then,it‘must follow. from Barben'sihypothesis that the enbryo of the
imbibed seed already contains a significant quantity of the
inhibitor - or alternatively,as Murfet (1971b,c; 1973) suggests,
it has the ability to manufacture colysanthin during the post-
;verna11zat1on phase of growth. However, experiments involving

'"sequent1a1 coty]edon removal (see Johnston and Crowden, 1967;

~also Chapter 3) and leaching (Sprent and Barber, 1957) show that
the movement of co]ysanth1n from the coty]edons does not beg1n
until about day 4 after germ1nat1on
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Neverthe]ess it would seem that a flower inhibftory substance 1is

,;manufactured in the coty]edons, and is transported into the shoot
'dur1ng the first 14 days of growth. This period.corresponds to

the decrea51ng sens1t1v1ty of the shoot to verna11zat1on treatment

(Table 4. 6), and it may be argued that it is the presence of

co]ysanth1n,that has‘arr1ved at the apex prior to vernalization

‘which decreases or masks the effect of vernalization in young plants.

"hlf canﬂalsd'be observed in Tables 4.3, 4.4 and 4;6 thet cotyledon

removal is more effective in advancing NF if carried out prior to
vernalization, irrespective of how long after germination the
vernalization period is commenced. Whilst it can be expected that

some. colysanthin has already entered the shoot during the period of
. germination preteding-the vernalization treatment (at 6, 10 and 14
.days), thus providing for the progressive delay of NF in both groups

of decotyledonized plants, it is apparent from this theory that in

';plants'invo1ving post-vernalization excision, movement of inhibitor
~ from the cotyledons continues,throughout the -vernalization treatment,
“in company with the limited growth whichvtakes place during this
~ period. In each of these cases, it is implied that colysanthin
'present at the apex survives the verna11zat1on treatment and - ..
.effect1ve1y reduces the’ verna11zat1on response..

| Thehe'is-evidence-that verha1ization has a direct effect on the
tcotyledon inhibitor system. Although it can.be seen from Table 4.5
A-that ‘there is no interaction between verna11zat10n and’ coty]edon :

remova1? both effects being additive to each other, a strong inter-
aetion.betweenAthese two factors does appear to exist in experiments
where both intact and excised plants were subjected to varying

‘lengths. of vernalization treatment (see Tables 4.3, 4.4). This
" apparent interaction is explained by the fact that .excised.plants
-_Shew'a rapid hesponse to vernalization, achieving maximum effect
. after. 2 weeks whereas intact plants. show only a gradua] response
.Ato verna11zat1on up to 4 weeks : '
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1t is this progressive 1ncrease in the effect of verna11zat10n on
1ntact plants which suggests’ an effect on the coty]edon system.
It may reflect either a steady, 1ow temperature destruction of

o~

~ colysanthin or more probably a progress1ve repress1on SR o

Nl T

of 1nh1b1tor bi§“ubw

In either’case the net effect appears to be that before the inhibitor
Tevel can be - restored to its normal effective threshold, a lesser
Tevel of growth is ach1eved before the plant becomes photo -induced,

~~and flower initiation is evoked. Unlike the apical vernalization
response, verna1fzation’of the cotyledon system requires a longer
" period of treatment in order to register the full effect.

One result which cannot readi]y-be-exp]ained_at.this stage is the
response of intact plants to a vernalization treatment of greater
than 4 weeks. It may well be that the extended period of vernaliz-
ation has either»delayed the production or reduced the capacity of
‘the plant to synthesize the inductive stimulus. Alternatiye]y, the
growth,pattetn of the plant may have been aTtered by the Tong period
of cbld,treatment (see Chapter 7). ’

II.  PARENT. VERNALIZATION
~Throughout the.fnvestigatfon, it was thought'that vernalization may
“have had an effect on seed which was still deyeloping in,the pod, and .as

such an experiment was designed to See.whether such an effect did exist.

Experiment 4,]:-Y'Intact plants were vernalized for 4 weeks-

~and, together with unvernalized controls, grown under L.D.
. conditions to anthesis. Once the pods appeared whole p]ants
were subjected to one of four treatments, involving verna11zat1on
'.ftemperatures for 8 hours each night. These were respect1ve]y

(1) no'Veknalizatioh treatment'at all.
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(if)".n1ght verna11zat1on from the time the pod first appeared
~ .through the flower peta]s unt11 it had swollen to maximum
size.

(iii): night Vevnalization from the time the pod had swollen to

maximum size until it had desttcated.

(iv) “-n1ght verna11zat1on ‘from the time the pod first appeared

through ‘the flower petals unt11 it had desiccated.

Seed was collected from the pbds of nodes 15 and 16 for unvernalized
plants, ‘and from node 14 pods for verna11zed plants. Half of the

- progeny were then subjected to a vernalization treatment of 4 weeks,

and the other half grown as unvernalized controls. A1l plants
were grown under L.D. conditions to anthesis as before and scored
for NF. The results are given in Table 4.7.

-Results:- In all progeny, irrespective of the different pod

treatment conditions, vernalizing the seed for 4 weeks during

_germination had the effect of advancing NF by 2 - 3 nodes.

Vernalization had less effect on the spring. crop (approximately

tl 9 nodes) than on the summer crop (approx1mate1y 2.4 nodes).

"Seed from vernaTized p]ants had'a tendency to f]OWEPAOUt of a
- higher node than those from unvernalized plants. Although the
'd1fference\~as nots1gn1f1cant for seed which had not been

verna11zed (NF 17.54 - NF 17.69, P=0. 1) vernalized seed d1d
show a significant difference (NF 15.01 - NF 15.40, P = 0.001).

.'Pods of vernalized p]ants which were themselves subject to

*verna11zat1on temperatures produced progeny that flowered out of

~a slightly Tower node (e.g. NF 15.00 - NF 15.67, P = 0.01). However,

the,same_was.not‘true for pods of unvernalized plants.

'.Discutsioni-. Overall, the effect'df'vernalization'does not seem
“to be transmitted between generations. Although there is a

tendency for a vennalized plant to produce progeny that are less
reéponsive,to vernalization, the scale of response in no way



~ approaches the regular 2 - 3 node response observed for vernalization.
'Further;'unverna]ized:progeny show no significant effect, Seeds

_which are exposed to vernalization temperatures while stillvdeVeloping
in the pod show 1ittle sign of being affected.

In the previous sub-section, the Various‘sites of the vernalization

response were'discussed From this experiment, it would seem that
the apex. is incapable of perceiving a vernalization response until

it has ‘both become fully deve]oped and undergone a period of dormancy

The same app11es to the coty]edon system.

111, THE IN'TERACTION} BETWEEN PHOTOPERIOD -AND VERNALIZATION -

The next step was to ‘compare the effécts of verna11zat1on on intact
and’ decotyledon1zed p]ants under d1fferent photoperiods.

'Egperiment 4.8:- Many experiments were conducted involving the
_effect of all three factors - namely cotyledon removal, vernalization
and phOtoperiod -"on NF in Line 24. - The results for a typ1ca1

exper1ment are shown in Table 4.8 and F1gure 4, 4

lResu]ts:-'”The-resu1ts Shown in Table 4.8 are.in agreement with
"those shown preVious]y for plants .grown under L.D. conditions
‘(Tables 4.3 and 4.4). Intact plants showed. a gradua] advancement
~f1n NF- as the verna11zat1on per1od was extended -to 4 weeks whereas

- in decotyledon1zed plants, maximum advancement was. obta1ned after
- a 2-week . verna11zat1on per1od Photoperiod did not alter the
qualitative nature of the vernalization and coty]edon removal
‘responses, but s1mp1y superimposed its own response over those of
’the other two effects In other words, the photoper1od response
'was.en,edd1tjve one. |

’;'D1scuss1on - Paton (1967 1968, 1969) has proposed that in
“Greenfeast" peas . (equ1va1ent to Line 24), photOper1od has a
_quant1tatjve effect which is directly concerned w1th,tne attainment
of a minimum,1eaf.requirement for flowering (i;ef;inductiOn) and
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the produetion in the leaves of an inductive stimulus. This
st1mu1us, ‘he suggests, passes from the 1eaves to the stem apex
where flower initiation takes p]ace

“ Under S. D conditions the minimum node at which f]ower 1n1t1at1on
can occur is approximately node 18. “In other words, the supply- of
inductive stimulus necessary to induce the apex tovf1ower does not
reach its effect1ve threshold 1eve1 until node 18 has been laid
down (c. f node 12 under L.D. cond1t1ons) This difference of
6 nodes is regarded as an expression of the quantitative difference in
‘photoperiodic. induction between the two photoperiod regimes for
this cultivar. The production of inductive stimulus would be
- dependent on the quantity of light received by therplént.

In Barber's hypothesis (1959), vernalization and long photoperiod
both act in a compet1t1ve fashion to destroy colysanthin. However,
Johnston and Crowden (1967) reported that photoperiod and coty]edon
removal appeared to be additive in effect, and now it has been shown
‘that the photoperiod effect is additive to both cotyledon removal

and vernalization. Paton (1969) has also'denmnstrated a physiological
separation of the phbtoperiod and vernalization effects (c.f. |
Chapter 7). It would therefore seem that_photoperiod is relatively
independent of the other two treatments in its effect.

.‘AlthQUgh there is no evidence as to the precise nature of the apical
‘vernaliietion'reaetion it appears foirly certain that it does not

 involve 601y5anthin. ‘Rather it seems more logical to,interpret

| the embryo response in terms of the inductive stimulus. Since
under L.D. cond1t1ons photoper1od1c induction in Line 24 can be

;completed by about node 12, it is apparent that the effect of seed

Averna11zat1on is stable for at least 5 - 6 plastochron (e. g.

Lyndon, 1968) intervals. Under S. D. conditions th1§ period is

- even loriger... .

It can.be»observed'from.Table.4.6 that vernalization has no
significant effect on apices which have reached the node 12 stage
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- of development. This wooldAimply that vernalization only has an
effect on the enbryo,when given to plants prior to the time of
photoperiodic induction. It is therefore possible that vernaliz-
ation acts in some manner to predispose the young plant to the
photoinductiVe processes, rather than be implicated at a later
stage in the evocation events, as Paton (1969) has suggested. On
the other hand, co]ysenthin appears to be more concerned with the
post -inductive events, and may part1a11y obscure the. verna11zat1on
response '

e . GENERAL DISCUSSION

Pisum sativum, Tike many plants, undergoes a-period'of vegetative

growth before reaching the ripeness-to-flower condition, a condition which
is probably .an abso]ute express1on of the genetic constitution of the
plant (see Chapter 6). However, ‘the realization of this genet1c potential
may requ1re an appropriate combination of env1ronnenta1 conditions. There
is good. evidence in this present exper1menta1 programme to show that the
minimum node out of which Line 24 plants may flower is at node 12. Since
‘there are 6 nodes a]ready present in the embryo at the time of imbibition,
the atta1nnent of the minimum node number for flower initiation involves
'the format1on of a further 6 vegetat1ve nodes after the commencement of
_germ1nat1on Norma]]y the observed NF for Line 24 under L.D. conditions
'1s de]ayed beyond node 12, but quant1tat1ve reduction of this delay may
beibroUght about}by'treatments such as vernalization and cotyledon
rennvaT' given ﬁndependent]y or in.combination.

In these'oresent experiments, it can be seen that vernalization
~and coty]edon ‘removal, when given together allow flowering to occur
as early as node 12 under L.D. conditions. Under these conditions, at
least, the inductive stimulus has reached its effective threshold by
abouf the node 11 - 12 stage of development. Therefore, proVided seed
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verna11zat1on has been performed the induced apex can proceed v
1mmed1ately to floral initiation, and th1s will occur in the absence
of cotyledons. However, should cotyledons remain attached to the
grOW1ng plant after verna11zat1on then flower 1n1t1at1on is delayed,
and if seed verna11zat1on 1s not g1ven, f]ower 1n1t1at1on is delayed
still further.

~ Other workers have proposed that th1s de]ay in floral initiation

’ -can be largely attributed to the presence of an “inhibitor produced both

in the cotyledons (Paton and Barber, 1955; Barber, 1959; Paton, 1969)
and in the shoot (Murfet, 1971b,c; 1973) of Line 24 plants. The data in
these present experiments is. consistent with the view that flowering in
Line 24 is at least in part regulated by an inhibitory effect of the
cotyledons. .This inhibitory effect of the cotyledons is not only stable
to,vernalization, but can obscure the vernalization response. Whether
the cotyledon effect is due to the presence of an inhibitor (f.e,i
co]ysanthin) or to the ebsence,or retarded formation of a florigenic
substance is. not unequivooally'determined but on the evidence’available
the former view is favoured. Further comment on the coty]edon effect
can be found in Chapters 3 and 7.

’~:Itdha$-béen_Sh0wnvthat vernalization does not influence the
‘subsequent growth rate of plants. However, vernalization does have
" two other direct and separate effects, both of which'promote flower
~initiation to an earlier node. The smaller effect is mani fest on the
coty]edon system, requires a long period of exposure and probably results
from a,reduction,in.tne effectiVe level of the cotyledonary inhibitor.
The major:effect is manifest on the young embryo, requires only a short-
term per1od of exposure and.is effect1ve before the completion of photo-
'per1od1c induction. In fact it is probably related to the photo-inductive
process in.some way. Further, this effect can be partially obscured by
.the-cotyledons, pn]ess»they;are removed soon after vernalization is |
- completed. | | '
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- ~ TABLE 4.1 R
~ EFFECT OF LIGHT INTENSITY ON NF AND FT OF EXCISED
LINE 24 PLANTS UNDER VERNALIZING CONDITIONS: (WINTER CROP)

: ,L.D.*COnditiphs'Only'wére used. n, number of plants scored.
v Nutrient agar medium 8. C '

Vérnalizatfon Light '
. Status v ‘Intensity| .n NF + SE FT
, .| (Lumens) (approx.)
u , 20 13.20 .19 | 49
g0 | - |
| o 600 | 3 | 11.67 .33 | 50
v : - 400 17 12.18 .21 47
| 200 15 | 11.87 .16 | 48
50 18 | 11.72 .14 | 48

'7vEXperihent 4.1



* TABLE 4.2

EFFECT OF DURATION OF VERNALIZATION. TREATHENT ON THE GROWTH RATE OF INTACT AND EXCISED "GREENFEAST" PLANTS (SPRING CROE[

.-1 F1gures are for.total number of nodes‘(NT)

L.D. photoper1od only was used.

Nutr1ent agar medium 1.

 Days After Intact.Plants Decotyledonized Plants
;vVernaliz-_. 4 Weeks Vernalized Weeks Vernalized
ation Ouks. | 1wk, | 2wks. | 3Wks. | 4wks. || Owks. | 1uk. | 2Wks. | 3Wks.| 4Wks.
0 59| 59| 61| 65| 7.3 || 5.9 | 6.0 62| 67| 7.0
4 7.0 | 8.1 8.6 8.8 10.0 || 6.5 | " 7.1. 7.5 _. 7.7 8.2
8 9.3 | 10.1 | 10.7 10.8 | 11.5 8.1 8.2 9.0 | 8.9 9.7
12 11.5 | 12.2 | 12.8 | 12.9 | 13.6 | 9.3 | 9.5 | 10.2 | 10.1 | 10.7
16 113.5 | 13.9 14.7 14.7 15.6 10.0 10.5 1.3 -| 10.8| 11.5
20 15.5 15.6 | o 10.7 | 11.0 12.1 11.6 | 12.7
24 11.4 12.0 | 12.6 12.4 '
28 12.2 | 12,7 | 13.5 | 13.5
32 ﬁ#13.8
Average ~Slope = 0.50 (nodes/day) S]ope 0.24 (nodes/day) _
 growth rate’ Correlation coefficient = 1.0, Correlation -coefficient = 0.98

Experiment 4.2

81" ¥



TABLE 4.3 ' .
EFFECT OF -DURATION OF VERNALIZATION TREATMENT ON_NF OF INTACT »

AND DECOTYLEDONIZED "GREENFEAST" PLANTS (WINTER CROP)

Two. c]asses of decotyledonized plants aré shown — pre--and post—verna11zat1on excision. L.D.
conditions only were used. n, nutber of plants scored. Nutrient agar medium 1. '

. . v o Cotyledon Status
Weeks Intact Plants | Cotyledons Removed - | Cotyledons Removed
Verna]iz-_ ‘ - ' After Vernalization Before Vernalization
- e n NF .t SE | n NF £ SE | n NF % SE -
0 20 16.60 22 | 24 13.92 .08 :
1 20 15.80 14 | 24 12.57 .23 26 12.73 .10
2 20 - 15.35 .18 | 27 12.93 .07 22 12.55 .13
3 20 14.70 . .16 | 22 11.8 .10 22 12.00 .13
4 .20 14.79 = -.09 29 13.33 .09 29 12.14 @ .14
C 6 20 15.25 .14 ) 29 13.66 10 | 27 12.11 .12

Experiment 4.3

611



L D.. photoperiod only was used,
verna11zat1on treatment to time of 1n1t1at1on of first visible flower pr1mord1um

 TABLE 4.4

EFFECT OF VERNALIZATION ON NF OF EXCISED EMBRYOS IN "GREENFEAST" PLANTS (WINTER CROP)

"n, number of plants scored.

N/D, rate of node formation (nodes/day) from end of
Nutrient agar medium 1.

Length.of Length of Verna11zat1on Treatment After Cotyledon Remova]
Vernaliz- |Cotyledon v -
ation Status 0 Weeks 1 Week 2 Weeks 3 Weeks 4 Weeks
Treatment*]. . — - : '
( Weeks) n NF =SE N/D° n NF +SE | n NF +SE{-n NF *SE | n NF £SE
0 Intact |20 15.40 .15 0.46. - |
_|Excised 23 13.48 .14 0.24 {124 12.67 .12{27 11.76 .09| 7 12.14 .14 16 12;06 A1
1 Intact |19 15.50 .12 0.45 | | -
Excised 29 12.48 .15 0.23 {30 12.33 -.12 (27 12.22 .11}27 12.44 .12
2 Intact |20 i4.60 .15 0.51
Excised - |24 12.17 .10 0.27 {17 11.53 .24 |26 11.92 .13
3 Intact. 20 13.50 .11 0.51 :
' Excised 24 12.33 .12 0.25°|126 12.58 .11
4 Intact |19 13.00 .09 0.50
Excised 24 12.33 .10 0.26

*Préceding-COty]edon removal .

Experiment 4.4

02"t
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EFFECT OF VERNALIZATION AND COTYLEDON STATUS

ON_NF_IM "GREENFEAST" PLANTS (SUMMER CROP)

L.D. photoperiod only was used. n, number offp]ants scored.

Nutrient agar medium 1.

“Cotyledon Status

-Vernalization Status

Verhaiized

Unvernalized
| n  NF + SE n NF % SE
" Intact 29 15.97 .14 26  13.73 .12
‘Semi Excised 53 14.83 .09 | 55 13.00 .06
10 13.80 .17 11.90 .10

Fully Excised

Experiment 4.5‘




TABLE 4.6

~ 'EFFECT OF TIME OF COTYLEDON REMOVAL AND VERNALIZATION ON NF IN “GREENFEAST" PLANTS (SUMMER CROP)

18-hr. photoperiod only was used.

n, number of plants scored.

treatmént; N&, number of nodes at conclusion of vernalization tréatment. Nutrient agar medium 1.

, number ot nodes at commencement of vernalization

gg%?n;¥ig bgcgg?igf Cotyledons Intact Cotyledons Removed Cotyledons Removed
Commence- | ation Before Vernalization After Vernalization
ment of Treatment
Vernaliz- | (Weeks) '
ation "o n NF s SEN NG NG| on NF o= SENp NG | on NF o= SE | ND NP
0 0 18 16.78 .21| 6.0 - 23 14.84 .14} 6.0 -
4 18 14.39 .12} 6.0 7.0120 12.28 .12 6.0 - 10 12.80 .20 6.0 7.0
6 -0 17 15.76 .25 }{ 8.7 -
4 20 15.60 .15| 8.8 11.0} 13 13.92 .08} 8.8 9.0 18 14,39 .12] 9.5 11.4
10 0 : 19 15.37 .14 |11.2 - '
4 19 15.47 .16] 11.2 12.5}|18 14.22 .10 {11.2 11.8(18 15.44 .16 |11.6 14.5
14 . 0 19 16.37 .19 |13.2 - : B O
4 20 16.50 .15} 13.1 1574 20 15.90 .16 }13.1 14.7|18 15.94 .19 §13.2 15.5

Experiment 4.6

22y



TABLE 4 7
EFFECT OF VERNALIZATION OF THE PARENT PLANT ON NF IN LINE 24 PLANTS

The four pod treatments (i, ii, 1ii, iv) are as described in the text. (Parent treatment spring
crop. Progeny treatment summer crop.) L.D. conditions only were used. n, number of plants scored.

Parent u L v
Seed < n - NF + SE n NF + SE
Treatment '
93 15.87 .08 97 13,96 .05

Progeny Seed U v v - !
Treatment n NF =+SE n NF =+ SE n NF =+ SE n NF * SE
Pod . 18 17.22 .24] 19 15.00 .13| 18 17.78 .17]18 15.67 .14
et g4, |5 1772 16| 24 15.08 .15 |18 17.56 .18 |19 15.00 .19

iii. |25 17.40 12|25 14.92 .08)2 17.70 .16 |22 15.41 .14

iv. |25 17.72 .11} 25 15.04 .11 | 18 17.72 .14 | 18 15.56 .12

Totals {93 17.54 .08 | 93 15.01 .06 } 74 17.69 .08 { 77 15.40 .08

Experiment 4.7

€'y



: TABLE 4.8 - . : :
EFFECT OF COTYLEDON REMOVAL, VERNALIZATION AND PHOTOPERIOD ON NF IN LINE 24 PLANTS (AUTUMN CROP)

n, number of plants scored. Nutrient agar medium 8.

S.D. LD,
No. ‘ - :

Weeks Intact Decotyledonized Intact ‘Decotyledoni zed
Vernal- -

ization n NF

1+

SE| n NF = SE n NF + SEf n NF + SE

. 19 24.05 321 21 , 20.95 .56 | 20 15.80 211 22 13.32 .14
2 19 22,42 .32| 22 18,32 411 19 14.95 .22 19 12.58 .16
4 - 20 20.65 .23 | 21 18.72 .27 | 18 13.83 .15 22 12.23 .11

Experiment 4.8

ve'v
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FIGURE 4.1

EFFECT OF DURATION OF VERNALIZATION TREATMENT

ON THE GROWTH RATE OF INTACT AND EXCISED “"GREENFEAST" PLANTS
' ' (SPRING CROP) o

Intact plants

------ v Excised plants

o - 0 weeks (unvernalized)
+ -1 Week

X f: 2 wéeks

B - 3 weeks
v - 4 weekgv

Experiment 4.2
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FIGURE 4.2

EFFECT OF DURATION OF VERNALIZATION TREATMENT
ON NF OF INTACT AND DECOTYLEDONIZED "“GREENFEAST" PLANTS
' (WINTER CROP)

a - Intact p]anté.

b - - Cotyledons removed after‘comQ]etion of the
| vernalization treatment.

c - Cotyledons removed prior to the vernalization.
treatment (i.e. at imbibition).

(The standard errors are shown at the top of each‘histogram.)

Experiment 4.3
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FIGURE 4.3

EFFECT OF VERNALIZATION AND COTYLEDON
STATUS ON NF IN "GREENFEAST" PLANTS (SUMMER CROP)

a - Intact plants
b - Plants with one coty1edon removed
c - Plants with two cotyledons removed

(The standard errors are_shown at the top of each histogram.) -

Experiment 4.5
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FIGURE 4.4

EFFECT OF COTYLEDON REMOVAL, VERNALIZATION
AND PHOTOPERIOD ON NF IN LINE 24 PLANTS
(AISTUMN CROP)

Plain bars ' - Intact plants

Cross hatched bars - Excised plants

(The standard'erroré are ‘shown at the top of each histogram.)

Experiment 4.8 '
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" Chapter 5

GRAFTING-

Much work hés}appeared in the Titerature concerning the effect of
grafting on flowering in "Greenfeast" peas (e.g. Paton and Barber, 1955;
Amos ‘and Crowden, 1969; Murfet, 1971c). It has in fact been stated that
one of .the most convfncing pieces of evidence concerning the presence of
a f]ora] inhibitor in th1s variety is based on the results of grafting
experiments (Paton and Barber, 1955).

Although a grafting experiment had been conducted previously (Amos
and.Crowden, 1969), it was felt desirable to expand this experiment to
invo1ve‘the three factors mentioned in previous chapters - namely
vernallzat1on, photoperiod, and cotyledon removal - to see whether ahy
further information could be gained concern1ng the cotyledon system and
the vernalization response. ‘

Experiment 5.1:- 'Uhvernalized and vemalized plants were grown
“under both S.D..and L.D. phbtoperiods for a period equivalent to
4 days, after which a full factorial experiment was performed
.ihvo]ving_grafting,_vernalizafionfand coty]eddn removal. Plants
were then grown to anthesis under S.D. or L.D. conditions as -
before and their NF recorded.. The results are given in Table 5.1.

: Results:- (AS can be seen from the control plants, each of the

_effects of vernalization, cotyledon removal and photoperiod was
dqditive. Cotyledon removal advanced NF by some 3 nodes, -
irrespective of any other treatment, vernalization of the scion
advenced'NF'by some 3 nodes, and the photoperiod effect was of
the order'of'SOme 6 nodes. These. resu]ts agree with those

B reported in prev1ous chapters ' '

'F1rst tak1ng stocks w1th 1ntact cotyledons. under L.D. cond1t1ons,_
1t can be seen that vernalized sc1ons, either V/U or V/V (scion/
stock), f]owered at an earlier node than the vernalized controls.
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-The NF of these verna]iied scions was approximately 1 node higher °
than those resulting from the dual treatments of seed vemalization
p]Us cotyledon removal. This is in sharp contrast to the performance
of vernalized scions in short days, where no effect of grafting was
evident. Thus, under S.D. conditions plants from each of the treat-
ments V, V/U and V/V had almost identical NF values (e.g. V - V/U,

P = 0.05). Moreover, this value of NF (approximately 20.7) was some
2 - 3 nodes higher than. that for verna11zed decoty]edon1zed plants
~grown under short days.

Similarly, with unvemalized scions (U, U/U and U/V), a significant
effect of grafting was evident only when plants were grown under
L.D. conditions. The state of the stock had little significance on
the resultant NF (e.g. for U/U - U/V, P = 0.1 under both photoperiods).
However, the state of the scion had a large effect on the resultant ‘
NF (U/U - V/U, P<0.001 under both photoperiods-)-.

For decotyledonized plants, not much can be said for those grafts
grown under S.D, conditions as the survival rate was so Tow. Under
L.D. conditions, decotyledonized plants behaved in much the same
manner as their intact counterparts: the main effect on NF was the
vernalized condition of the scion, whereas the condition of the stock
had no effect at all. Unverna]ized scions flowered out of a lower
node than did the excised controls.

In all cases bar one (intact V/U; V/V plants grown under L.D...
conditidné), there'was a tendency'for a verna]ized stock to cause
a'scion to flower out of a lower node than one -grafted onto an
unvefna]izedﬁstock. However, in no case was this difference
significant. '

‘Discussion:- These results are consistent with the theory that
flowering in Line 24 is contro]led to some degree by a cotyledon-
based inhibitor. The presence of th1s inhibitor at the apex
determines a threshold Tevel which the floral inducer, produced
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in the leaves, must attain before it can induce the plant to flower.
It is significant that a discrete effect of grafting can only be
observed under L.D. conditions and not under S.D. conditions. This
difference in NF between comparable graft treatments under different
photdperiods,may simply reflect the length of time that is required

to establish a functional graft union and permit transfer of inhibitor
from the cotyledons of the stock to the scion. At the time of
~grafting, pIants have already laid down 8 or 9 nodes, so that some
inhibitor has presumably already moved into the shoot, irrespective.
of whether the stock is kept intact or is subsequently decotyledonized.
A]so vernalized scions only need to form 4 more nodes before flower
initiation occurs. | '

Thus under L.D. conditions, events in the vernalized scion leading
to flower initiation may well be completed before the graft union is
adequate for regular transport of the cotyledonary inhibitor. This
would cause a lowering of the normal threshold set by the inhibitor,
thereby allowing flowering to occur at a lower node. Similarly with
unvernalized scions under L.D. conditions, NF is always below that
for the ungrafted control plants, suggesting that the graft union 1is
still not fully functional in time for the quantity of inhibitor
reaching the apex to delay initiation to the normal extent as in the
~ungrafted controls. |

4In'short days however, 12 nodes at least of vegetative growth have
been 1aid down from the time of grafting before flower initiation
occurs.. By this time, it is most Tikely that the graft union is
fully established, and normal transport of the inhibitor is restored.

AltérnatiVely,'this effect of photoperiod on NF between comparable

» graft treatments could be the result of an alteration or at least

a temporary ha]t in the growth of the plant. Under L.D. conditions,
flower initiation may occur before,norha]}growth can be restored,
thus caUsfhg an advancement_in NF. ‘Under S.D. conditions, however,
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full Yestoratidn of ndrma}-grdwth may precede flower initiatidn,
and thus no effect of grafting would.be evident. This explanation’
is expanded in Chapter 7.

The results also support the view that the major site of vernalization
is in the apex of the plant. Vernalization of the scion has the
effect of advancing NF by approximately 3 nodes under S.D. conditions
and from 1 - 2 nodes under L.D. conditions. The reduced effect |
under L. D. conditions is to be expected since the = " _ thresho]d
" level set by the inhibitor is quickly surpassed by the 1nduct1ve'ﬂcu&
stimulus. Under S.D. conditions however, full production and transport
.0of the inhibitor is restored before the inductive stimulus can reach
the reduced threshold.

Vernalization of the stock has no significant effect in advancing
NF, although an obvious tendency is observed. Vemalization does
not seem to have any lasting effect on the.supply of inhibitor from
the cotyledons to the shoot, although it may cause a slight delay
in its rate of supply, at least in the initial stages of growth.

As stated in the previous chapter, the major effect of vermalization
would appear to be in the apex,.and is most Tikely involved with
precohditioning the apex to the inducer, thereby reducing the
effective threshold level set by the cotyledonary inhibitor.

Many workers have carried out a.number of experiments involving

crossggrafting between different varieties,in an éttempt to c]arify"the
position with regafd to the presence of a cotyledonary promoter in early
varieties (Haupt, 1954, 1957; K3h1er, 1965) or to that of a cotyledonary
inhibitor in late varieties (Paton and Barber, 1955; Amos and Crowden,
1969-'Murfet and Reid, 1973). Further discussion on this aspect will be
left until the end of Chapter 6, once the response of a number of

: genet1ca11y d1fférent cultivars to cond1t1ons previously described in
Chapters’ 3 and 4 have been dealt with,



TABLE 5.1

EFFECT OF VERNALIZATION, GRAFTING, COTYLEDON REMOVAL
AND PHOTOPERIOD ON WF_IN PLANTS OF LINE 24 (SUMMER CROP)

n, number of plants scored; U/V,Unvernalized scion gréfted to a vernalized stock.
Nutrient agar medium 8.

Cotyledon Vernaliza- ' S.D. - L.D.
Status tion Status [~ ‘
C6 Sreck, o n NF  + SE n NF  + SE
' U(Control) 19  23.63 .44 20 17.05 .14
V(control) 20 20.15 .32 20 14.05 .15
_ u/u | 11 25.09 .59 14 15.29 .29
Intact Sy 16 23.63 53 | 16 14.63 .26
VU 9 - 21.33 .58 16 13.00 22
YN 12 20.67 .43 16 13.19 .23
U 12 20.17 .69 27 14.11 .17
v 28 '17.04 .21 28 12.00 .07
B u/u | 5 only survived 19 13.58 .21
" Excised u/v . 2 only survived 16 13.31 .22
v/U 13 - 16.38 45 20 12.00 .15
V/V 3 only survived - : 16 11.94 .14

Experiment 5.1

G'G



Chapter 6

THE RESPONSE OF OTHER LINES OF KNOWN GENOTYPE TO
COTYLEDON REMOVAL, PHOTOPERIOD AND VERNALIZATION

a  INTRODUCTION

In the past, experiments have been conducted by different workers
using various commercial varieties of Pisum sativum and the results

reported. One of the major problems in comparing these results is that
the genetics of these commercial varieties are not known, which puts an
element of doubt into comparing not only results between the different
varieties but also those which have been reported for the same Variety.
Both Rowlands (1964) and Murfet (1971b) have either suspected or
demonstrated genetic heterogeneity in commercial varieties, and Murfet
(1971a) has suggested that a pool of standard genotyped varieties should
be established to remove any doubts as to the equivalence of the varieties
used by different workers. . |

In 1971, Murfet published three papers which demonstrated that .
flowering in a number of lines of Pisum sativum is under the major

control of a 3-gene system (Murfet 1971 a,b,c). He first separated the
varieties into three distinct phenotypic classes, depending on their
flowering. behaviour. These were:-

1. ED (early developing) varieties, which have a flowering
_response uhaffected by photoperiod, both FT (flowering
time) and NF (node of first flower) being early under
S.D. conditions.

2. EI (early initiating) varieties, in which NF is unaffected

| by photoperiod but FT is delayed under S.D. conditions.
These varieties flower out of an early node under S.D..
“conditions , but the flowers on the first few nodes abort.
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3.. L (late) varieties, which show a response. to photoperiod,
both NF and FT being delayed under S.D.'conditions.

He then demonstrated by a series of genetic crosses that the class
differences were control]éd-by three dominant major-genes, which he
designated Sn, E and Lf. The triple recessive is ED. AdditiOn of Sn
creates an L-type. E is epistatic to Sn in terms of flowering node and
Sn E 1f is EI. Lf is epistatic to E and Sn E Lf is again L. Sn e Lf
is also L. Lf and E have little or no effect by themselves and sn e Lf,
sn E Lf and sn E 1f are essentially ED.

Marx (1968, 1969) has also developed a system of phenotypic
classification based on 4 photo-dependent response classes. In his scheme,
I and G2 types both flower out of a low node and are not affected by
photoperiod. However, the reproductive phase of G2 plants is greatly
prolonged under S.D. conditions. Both K and G types are late and similar
under L.D. conditions, but whereas K plants show a limited quantitative
response to photoperiod, G plants show a]mostAa qualitative response and
may develop up to 70 vegetative nodes under S.D. conditions. |

Murfet (1971a) has suggested that his phenotypic classes ED, EI
and L may correspond to the classes I, G2 and K of Marx (1963, 1969).
Although not relevant to this work, Murfet (1971a) also described a
class LHR (late high response), which corresponds very closely to the
G class of Marx. ‘ '

_ In this present programme, two different physiological experiments
~were carried out on six of the available Tines in an attempt to further
clarify the role of these three genes in the flowering behaviour of

Pisum sativum. The six Tines used, their phenotypic classification and

their genetic constitution are given in the table below.

Line . 58 59 60 53 24 2
Phenotype ED ED EI L L L
Genotype sne 1f snE1f SnE1f Sne lf Snelf SnELf
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At the time of writing, the other two possible ED genotypes -
snelfandsnELFf - “had not been isolated and were therefore not
available for use in this experiment. Further information on the genetics
‘and history of these lines may be found in Murfet (1971 a,b,c).

b THE RESPONSES OF SOME OTHER CULTIVARS

Experiment 6.1:- This experiment involved sequential cotyledon

removal and photoperiod, and is similar to Experiment 3.6, except

that the six genetic lines were involved. The results are given in
Table 6.1 and Figure 6.1.

Results:- For ED plants (Linés 58 and 59), photoperiod had a small
but significant effect if the cotyledons were removed up to 6

days after germination had commenced. Cotyledon removal caused a
progressive delay in NF under both photoperiod regimes, which
reached a maximum at the 4-day excision stage. Line 59 plants
always flowered .out of a lower node than did -their Line 58 counter-
parts, irrespective of the conditions.

L p]ants‘behaVed in a manner similar to that described previously
(Experimént 3.6). .Under S.D. conditions there was a different
behaviour pattern for Line 53 on the one hand, which showed a
progressive delay in NF with an increasing time-delay to cotyledon
removal, and Lines 2 and 24, which showed only a slight delay -
if any. _However,'a general pattern can be observed. It-is:a1so
worth noting that, given the same conditions, Line‘53 plants
flowered out of a lower node than Line 2 and especially Line 24,
which must relate to the intrinsic genetic difference between these
late varieties. These differences occur at the E and Lf loci.
Under L.D. conditions, Line 53 behaved similarly to Line 58 up to
the 6-day excision stage, whereupon there was a progressive delay.
in NF with increasing time to cotyledon removal. Also under L.D.
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conditions, Line 2 plants flowered out of a lower node than did
their Line 24 counterparts. '

EI plants (Line 60) exhibited a marked response to photoperiod,
reachiﬁg_a maximum at the 4-day excision stage and then decreasing
to zero for intact plants. Under L.D. condftions, Line 60 behaved
1ike an ED plant (Line 59) prior to the 4-day excision stage, but
after this stage 1ike an L-type. The difference in NF between
Line 60 and Line 53 under L.D. conditions was remarkably similar
to that between Line 59 and Line 58. Under S.D. conditions, Line
60 behaved as an L-type until the 4-day excision stage and in fact
flowered out of the same node as Line 53. After this time however,
NF fell dramatically until, for intact plants, it was the same as
for piants grown under L.D. conditions.

Unfdrtunate]y in this experiment no record was kept of the node

- at which Line 53 and Line 60 developed (c.f. initiated) their
first flower (i.e. ND). However, it was observed that under S.D.
conditions there was a marked delay between NF and ND for both
varieties. In other words, although flower buds were initiated,
w_they did not develop into flowers but aborted.

Experiment 6.2:- This experiment parallels that of Experiment

4.8, in that the three factors of cotyledon removal, photoperiod
and vernalization were employed. Again all six varieties were used.
The results are given in Table 6.2 and Figures 6.2 - 5).

Results:- ED varieties (i.e. Lines 58 and 59)showed little
response to photoperiod, irrespective of the other .condi tions
impdSed.~ Cotyledon removal caused a delay in NF, which was
reduced by vernalization. Vernalization caused a slight delay

in NF of intact plants, so that after a 4-week vernalization
treatment, intact and excised plants flowered out of the same node.
Line 58 plants flowered out of a slightly higher node than did
Line 59 plants, irrespective of the treatment given.
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Two of the three L varieties, Lines 2 and 24, behaved in a
simi]ar»fashion to that described previously in Chapter 4.

The other L variety, Line 53, initiated its first flower in a
similar fashion to Lines 2 and 24, but at a much earlier node
(P<. 001) What is of interest is that ND was greatly delayed
under S.D. cond1t1ons, and much more so for excised p]ants than
for intact plants. Vernalization caused an advancement in the ND

of Line 53 plants grown under 5.D. conditions. Under L.D. conditions,

NF and ND were the same in all. cases.

The EI variety, Line 60, is of special interest. The NF of intact
plants showed no response to vernalization under S.D. conditions.
However, under L.D. conditions intact plants showed a slight
response to vernalization (approximately 0.4 nodes). Unvernalized
plants showed no response to photoperiod. Under S.D. conditions,
cotyledon removal caused a large delay in NF (P< .001) which also
was unaffected by vernalization. However, under L.D. conditions,
NF was slightly advanced by cotyledon removal (P < .001) but this
was negated by vernalization. Line 60 behaved in a similar manner
to Line 53 in relation to the difference between NF and ND.

Discussion:- The results are in general agreement with the thesis
propounded by Murfet (1971 a,b c) He put forward a theory in
“which he proposed that:-

1. 5n produces a substance in the coty]edons and shoot which
opposes f]ora] initiation.

2. E lowers the level of floral inhibitor in the cotyledons.
3. Lf increases the sensitivity of the apex to inhibitor.

4. short days favour the production of inhibitor in the shoot.

(8]

the level of Sn product falls inevitably with ageing either
- through diminution of Sn activity or destruction of its
~ product.
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Further he suggests that all cultivars "are able to produce a
flower promoter in their cotyledons and shoots, that they each
haVe'fafr1y~simi1ar capacities in this respect, and that a lTow
level of inhibitor is available in recessive ‘sn' plants"
(Murfet,1971c). ’ -

Consideration of this proposal in relation to these present results
~leads to the following conclusions being drawn.

I. ED Varieties (Line 58 - sn e 1f; Line 59 - sn E 1f)

The results obtained here for Lines 58 and 59 are in general agree-
ment with those obtained by other workers working with the early
varieties "Massey" and "Alaska". These varieties have been found

to respond in a negative fashion to vernalization (Barber, 1959;
Highkin and Lang, 1966) and to be insensitive to photoperiod
(Leopo]d'and Guernsey, 1954; Moore, 1965), although it has been
suggested that flower initiation proceeds too soon after germination
for it to be influenced by photoperiod (Haupt, 1969).

Cotyledon removal has delayed NF in the early varieties "Kleine
Rheinlanderin" (Haupt, 1952; Haupt and Nakamura, 1970), "Massey"
and "Alaska" (Moore, 1964; Johnston'and Crowden, 1967), causing at
least one cultivar, "Kleine Rhein]éndérin", to behave as a
quantitative long-day plant (Haupt, 1954; Kdhler, 1965) and to
respond positively to vernalization (Haupt and Nakamura, 1970).

In fact, as a result of this level of response, Murfet (1971c) has
suggested that "Kleine Rheinlanderin" may well be a class EI type,
and not ED. |

As stated in Chapter 1, the transmission of a floral stimulus from
the Teaves to the apex is an accepted partial process of photo-
periodic'induction. According to Murfet's theory, ED varieties

- contain no inhibitor, although he has suggested that the recessive
"sn" may in fact be a "leaky" mutant. The apex in these varieties
will transfer from the vegetative to the reproductive state once
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the floral stimulus arrives at the apex from the leaves. If no
inhibitor is present at the apex at the time the sfimu]us arrives,
then NF would not be affected by the rate of arrival of the
stimulus at the apex. Since it has already beén sugges ted that
the effect of photoperiod is a quantitative one, concerned with
the rate of stimulus production (pp. 3.13, 4.14, 5.4), then an
effect of photoperiod on NF in ED plants would not be expected.

Cotyledon removal deTayed NF in ED plants. By the time the first
tkue leaf at node 3 has opened, node 9 has been laid down in the
apex. Therefore any difference in NF between treatments would be
the result of the varying time-of-arrival of the stimulus at the
apex. A delay in the commencement of production of stimulus could
conceivably be caused by a drastically reduced growth rate, as the
first formed leaves may not be able to produce the stimulus when
they first open, due perhaps to some form of metabolic imbalance.

A delay in the production of stimulus would cause an increase in NF.

The photoperiod effect observed in excised plants may well be the
result of a more rapid recovery from this metabolic imbalance under
L.D. conditions, and an earlier prbduction of the flowering stimulus
in the leaves. Depending on the degree of "leakiness" of the
mutant "sn" gene, the rate of production of stimulus affected by

the photoperiod may also have some bearing under these conditions.
Whatever the exp]anétion, excised plants demonstrated a greatly

. retarded growth rate, a delay in NF, and a photoperiod effect.

'A]ternatively photoperiod may affect the growth rate of excised
p]ants's1ight1y (e.g. excised plants under L.D. conditions may
expand their leaves more rapidly than those under S.D. conditions,
and therefore may affect the time of initial'production of the
stimulus). This phenomenon was observed in Line 24 embryos (see
Table 3.8). B |

If "sn" was indeed a Teaky mutant, then the growth rate of the
plant may also affect the amount of inhibitor present at the apex
at the time the stimulus arrives. A slower growth rate could cause
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a greater build-up in the level of inhibitor present. Once .
,inhibitor was present, then it would be expected that both a
delay in NF and-a photoperiod effect would be observed, and this
was observed with excised plants. A

‘The small delay in NF caused by vernalization of intact ED p]énts
could be the result of a slight delay in the time of initial
production of the stimulus. It must be remembered that this
',differenﬁe between unvernalized and vernalized plants is always

less than one node. For decoty]edonized plants, the positive effect
of vernalization on NF may result from a slight increase in the

~ -growth rate. This effect of vernalization on the growth rate of
excised pTants has already been observed in excised'plants of Line
24 (see Figure 4.1). Again it could be argued that if "sn" was a
leaky" mutant which was able to build up a small supply of inhibitor
©in excised ED p1ahts, then a positive vernalization effect would be
) expected by either increasing the rate of production of stimulus or
preconditioning the apex to be more sensitive to the stimulus.

It can also be seen that Line 59 plants always flower out of a
lower node than do their Line 58 counterparts. As the only difference
between these two 1ines occurs at the E.locus, then"gene.E must be
active in the shoot as well as in the cotyledons, since there is a
constant difference in NF between these fwo~1ines, both in the
intact and decotyledonized state. If this is so, then it would
support the theory that "sn" was a leaky mutant as the effect of

E is.(according tb_theory) on Sn. Gene E may also be responsible
for'the.production of a floral stimulus. It .would also seem to
suggeéf'that.the effect of vernalization is to delay initially the
production of floral stimulus- (affecting intact plants) but.to
‘increase its-effectiveneés (affecting excised plants).

II.. L Varieties with Gene Lf (Line 24 - Sn e Lf; '
Line 2 - SnE Lf) '

The results are -in accord with .the view that gene Sn causes ‘the
production of a floral inhibitor whose effects have been discussed
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prévious]y (Chapters 3, 4 and 5). Since Sn has an effect on NF.

in both .intact and decotyledonized plants, the inhibitor must be
produced in the shoot at least. The presence of inhibitor at the

- apex would most Tikely set a threshold level which must be overcome
by the floral stimulus before flower initiation can occur.

Excised ptants flower out of a lower node than their intact counter-
parts.. The difference in the growth rates could play a significant
“part in the advancement of NF, and this point is discussed in
greater'détai1 in the next chapter Cotyledon removal could also
remove the supply of Sn- 1nh1b1tor from the coty]edons which would
also exp1a1n the lowering of NF.

The photoperiod effect in both intact and excised b1ants is probably
the result of a differential rate of production of floral stimulus.
As mentioned previously, a photoperiod effect would not under normai
situations be observed in "sn" (i.e. ED).p1ants. Although there
would still be a differential rate of supply of floral stimu1US\
the threshold level which it would need to overcome would be zero,
or nearly so, and so flowering would occur. at the same time under
both photoperiod regimes.

‘Both intact and decotyledonized plants respond to vernalization,.
although- the response is much more rapid in decotyledonized plants
- (see also Chapter 4), and is less under L.D. than it is under S.D.
conditions (see also Barber, 1959).. In fact for Line 2 the response
is not significant ét all. Vernalization obviously has its main
effect in.the shoot. It could on the one hand lower the rate of
production of Sn-inhibitor (or cause the apex to be Tess seﬁsitive
to it) or on the other hand enhance the produtticn of floral
stimulus (or cause the apex to be more sensitive to it). The
results. do not reaT]y disiinguish which mechanism is operating,
Sinte.éach wdu]d give the same result. However, the fact that
excised ED plants caﬁ-réépond to vernalization would suggest that
the. response to vernalization is more 1likely to be associated wi th
the floral stimulus than wi'th the Sn-inhibitor. '
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The effect of vernalization in embryos under L.D. conditions may

. be obscured by the tendency for these plants to have a slightly

more,rapid growth rate than their unvernalized countérparts.
However, no measurements were taken of this phenomenon. It could
a]so be affected by the fact that the thresho]d.1evel set by the
Sn-inhibitor productidn in thevshoot is fairly rapidly reached by
the stimulus under L.D. conditions, before Sn has been able to

‘realize its full potential. Under S.D. conditions Sn-inhibitor

production in the shoot is well advanced before the Tevel of stimulus

"required for transition from the vegetative to the reproductive

state can be produced. Either Sn-inhibitor production is favoured -
by S.D. conditions or, more likely, S.D. .conditions cause a

“reduction in the rate of production of floral stimulus (c.f. Murfet,
1973).

Finally, Line 2 differs in its flowering genetics from Line 24 by

‘the presence of the dominant gene at the E locus. Under L.D.

conditions, Line 2 flowers at a lower node than does Line 24 whilst

.under S.D. c0nditions, the reverse is true (Figure 6.1). If E.

affects the Sn-inhibitor supply from the cotyledons, rather:than
from the shoot, then it would be expected that plants containing E

would flower out of a lower node under L.D. conditions, as the

production of stimulus would soon reach the reduced threshold set
by the cotyledonary inhibitor before Sn-inhibitor production reached
maximum capacity in the shoot. Under S.D. conditions however,

with its resultant decrease in the rate of stimulus production,

the supply of Sn-inhibitor from the shoot is more than adequate to
compensate fbr.the effect of E on the cotyledonary inhibitor.

E can still be effecfive in the shoot, but presumably has its
maximum effect either at an early stage of growth or on the
inhibitor arriving from the cotyledons.

III. . L Varieties - Without Lf (Line 53 - Sn e 1f)

In many respects Line 53 behaves in a similar fashion to Lines 2
and 24. ‘It is an L-variety which responds positively to both photo-
period and vernalization. The ability to respond to these two
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- treatments must therefore be the result of the presence of Sn,
and not Lf. Photoperiod and vernalization would therefore be
connected in some way with the threshold level set by the Sn-
inhibitor, although not neceésari]y directly connected with the
substance itself. ‘ '

Line 53 flowers out of a lower node than do Lines 2 and 24. In
fact under L.D. conditions, cotyledon removal prior to the 4-day
growth stage causes the plant to behave like an ED-type.

These results show that gene Lf has a strong boosting effect to
the expression of gene Sn, in both the presence and the absence
of gene E. This could be achieved on the one hand by'increasing
the rate of productioh of Sn-inhibitor in the shoot (or cause the
apex to be more sensitive to it) or on the other hand inhibit the
rate of production of floral stimulus (or cause the apex to be
less sensitive to it).

The effect of removing cotyledons prior to the 4-day growth stage
under L.D. conditions is to remove Sn-inhibitor supply from the

- cotyledons. Before inhibitor production in the shoot can be fully
‘established, the production of stimulus has caused the plant to
initiate flowers. If gene Lf was present (i.e. Line 24 genotype),
plants would initiate flowers 2 - 3 nodes later (see Figure 6.1).
Since inhibitor production in the stem has not yet become fﬁ]]y
established, it would seem morerlike1y that gene Lf has its effect
by either encouraging the rate of inhibitor production in the shoot
or causing the apex to be more receptive to it.

Under S.D. conditions the rate of supb]y of -stimulus is reduced

and Sn-inhibitor production in the shoot has become fully established
before the lowered threshold level can be reached by the stimulus.
However, the photoperiod effect (in the vicinity of 4 to 5 nodes)

is not as.large as for Lines 2 or 24. Obviously‘thevrate of
production of the floral stimulus is enough to reach the slowly
increasing threshold set by the inhibitor for flower initiation
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to occur. However, the rate of stimulus production is not high
enough to allow the flowers to deve]op,.and S0 they abort. (This
assumes of course that both flower initiation and flower development
are controlled by the balance between flower inhibitor and flower
promoter. )

Intact plants show a huge response to vernalization under S.D.
conditions, although flowers, once initiated, abort. In fact,
intact vernalized plants show only a minor photoperiod response.
Decotyledonized plants on the other hand show a negligible response
to vernalization. It would seem therefore that vernalization causes
an increase in the rate of supply of stimulus from the leaves (or

an increased sensitivity by the apex to the stimu]us). Under L.D.
conditions, the threshold level set by the Sn-inhibitor is still
very low by the time the floral stimulus reaches the apex, and so
Verna]i;ation'would not be expected to have any great effect..

IV. EI Varieties (Line 60 - Sn E 1f)

Under S.D. conditions, Line 60 plants behave in a similar manner
to Line 53 plants until the 4-day excision stage after which NF
falls dr@matical]y (see Figure 6.1). Decotyledonized plants behave
in a similar fashion to their Line 53 counterparts.: Howeve}, intact
plants initiate flowers out of an early node and show a negligible
response to photoperiod and vernalization. Obviously the presence
of E has almost completely counteracted Sn-activity and further,
'the presence of E is manifest either in the cotyledons themselves
or on the Sn-product from the cotyledons since the removal of the
cotyledons at an éar]y stage removes -the effectiveness of E.

- However, it would appear that the lack of a photoperiod response
may be the effect of E-activity in the shoot. -

It is perhaps appropriate at this stage to examine the effects of
cross-grafting and other experiments reported by other workers on different
conmercial varieties and to examine their findings in the Tight of the
discussion just presented. Johnston and Crowden (1967) carried out an



6.13

. experiment similar to that described in Experiment 3.6 where cotyledons -

were removed from "Massey" plants at varying intervals of time after
germination. They found that there'was a progressive delay in NF up

to 4 days after germination, after which time NF reverted to that of the
control plants. This effect is called the "hump effect". Similar
results were obtained in the present progfamme.' It is obvious therefore
that the effect of cotyledon removal in early varieties will depend'to
a 1arge extent on the stage at which cotyledons are removed, and
comparisons of cotyledon removal with gkaftihg will be dependent on
this fact. Johnston and Crowden (1967) advanced the hypothesis that -
-this - effect may be the result of "Massey" cotyledons containing a flower-
inhibitory substance which is "rapidly mobilized after Qermination
~commences, and which is subsequently deactivated...as germination and
development of the plumule progresses". This may be the result of "sn"
being a “leaky" mutant, as Murfet (1971 a,b,c) suggests, especially
considering both the degree of metabolic imbalance which is probably
bresent at that time, and the reduced growth rate.

Haupt (1952, 1957) and K&hler (1965) have shown that "early" scions
grafted to "late" stocks flowered at the same node as an excised "early"
plant. However, both Paton and Barber (1955) and Murfet and Reid (1973)
found that "early" grafts flowered later than excised plants. The latter
authors also found that an "early" scion grafted to a "late" stock was
sensitive to photoperiod (as did Paton (1969) ), whereas the self-graft
was not. Both'grafted and excised plants f]owered-atva higher node than
the control plants. ‘ u

Haupt (1969) argues that it is not the "late" cotyledons which
contain an inhibitor, but rather that it is the "early" cotyledons which
. contain a promoter. He found that "late" scions grafted onto an "early"
stock Had.the same NF as if it was grafted onto an "old late" stock, both
of wh{ch were less than the "late" self-graft NF. However, the supply
of inhibitor - or any substance. from the cotyledons for that matter -
would presumab]y‘be minimal by the time that the "old late" graft was
méde, and thus it can be argued just as convincingly that the cotyledons
of late varieties contain an inhibitor.
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He further found that "late" scions plus cotyledons grafted onto
an "early" stock flowered out of an earlier node than did the "late"
controls, but later than scions without coty]edons Again the evidence
is not conv1nc1ng either way and much could depend on the re]at1ve growth
rates of the three groups involved. '

(6hler (1965) carried out a number of grafting ekperiments to conme to
the conclusion feported previously (see pp.1.4-5, 3.14).llowever, most of hiql
work was carried out under sub-optimal conditions (llaupt, 1969), which
. could alter the situation drastically by affecting the growth pattekn
(see Chapter 7) and certainly the inductive process.

On the other hand, Paton and Barber (1955); Amos .and Crowden (1969)
and Murfet and Reid (1973) have suggested that late varieties contain an
inhibitor in their coty]edohs. In particular, Murfet and Reid (1973)
have presented strong evidence for this by showing that an "early" scion
grafted to a "late" stock will flower out of a similar node to the self- _
graft under L.D. conditions, but at a much higher one under S.D. conditions.
They further suggest that gene Sn is suppressed under L.D. éonditions.
(also Murfet, 1973). However, this seems an unnecessary proposal as they
have not taken into account the quantitative nature of the photoperiodic
stimulus, which can quite adequately explain the photoperiodic response.
Further, if Sn was inoperative under L.D. conditions, then the following
facts still require explanation: '

1. that under L.D. conditidns, “Sn" plants flower out of
higher node than do "sn" plants.

: _2; ~that Line 58 plants always flower out of a higher node-
" " than Line 59 plants. (This has been explained in terms

. of the leaky "sn" gene.)

3. that.excised "Sn" and "s - plants can respond to verna11zat1on
treatment under L.D. conditions.
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.Summarz'_

From these results and discu551on, the fbl]ow1ng can be inferred
(c f. Murfet, 1971 a,b ,C):- :

1. Gene "Sn" confers the ability of a piant to respond to photo-

period and vernalization by the production of a floral
' .inhibitor in the shoot and cotyledons. The inhibitor
~establishes a threshold level at the apex which must be -

overcome by the floral stimulus before flower initiation and
development can occur. - There was no need to postulate the
decline in "Sn" activity as a result of ageing. The recessive
"sn" most Tikely behaves as a leaky mutant,

2. Gene "E" reduces the effectiveness of the cotyledonary
“inhibi tor, perhaps by the production of a cotyledonary
flower promoter, and further may delay the initial production
of inhibitor in the stem.

‘3.  Gene "Lf" both represses the activity of "E" and encourages
the activity of gene "Sn" in the shoot.

4. Photoperiod causes a differential rate of production of
stimulus in green tissue.

5. Vernalization directly encourages- the activity of the
linductive stimulus. It also has a minor effect on the
coty]edonary 1nh1b1tor system o



EFFECT OF COTYLEDON REMOVAL AT VARIOUS STAGES OF GERMINATION

TABLE 6.1

ON NF IN LINES 2, 24, 53, 60, 59 and 58 (SUMMER CROP)

Both S.D. and L.D. photoperiods were used. n, number.bf-plantsvscored. Nutrient agar medium 8.

Photo- | Lines 1 Day 2 Days 4 Days 6 Days 9 Days Control

period n NF-* | n NF £SE|n NF = SE|n NF £SE| n NF *SE|n NF =SE
2 115 21.21 .58)17 21.53 .45(13 22.41 .43{13 22.92 .66|15 22.33 .43|18 23.61 .20
24 115- 21.60 .58 {16 23.69 .44 |19 24.05 .75{19 20.84 .43)18 22.11 .34|19 22.11 .31

S.D. 53 |12 16.25 .48 |18 16.72 .52 | 4 19.00 1.58{12 19.08 .42}117 20.47 .43|14 21.64 .49
- 60 {19 17.21 .42 {15 17.27 .57 | 8 18.00 .42]17 17.76¢ .29 {18 17.00 .29} 19 12.68 .27

59 {11 11.27 .3 |14 11.14 .27 | 2 12.00 .50{18 9.05 .05(18 9.00 - |20 9.00 -

58 |15 12.20 .24 9 12.33 .29 | 3 13.67 .34(19 10.00 .11}19 10.05 .08{20 9.8 .09
2 (17 13.3% .26 |17 13.47 .17 |16 13.63 .15|20 13.40 -.13{20 14.40 .11]20 15.65 .13
24 |19 14.21 .15 (17 14.41 .17 |19 14.63 .21|19 15.00 .20}120 15.70 -.13|20 16.65 .17
LD 53 {16 11.19 .16 |18 11.67 .16 {13 12.08 .21|17 11.41 .15 |18 13.11 .08|13 14.31 .17
: ) 60 |15 10.53 .22 {19 9.79 .18 {18 10.44 .18j16 10.63 .12 119 11.42 .21 |18 12.00 .21
5 19 9.79 .20 (18 10.17 .27 9 10.78 .47|18 8.94 .06|18 9.00 .08|20 8.90 .07
58 120 11.25 .10 j20 11.11 .12 |14 12.00 23120 9.20 .09 120 9.50 .11}20 9.45 .11

Experiment 6.1

91°9



TABLE 6.2

EFFECT OF COTYLEDON REMOVAL, VERNALIZATION AND PHOTOPERIOD
ON NF IN LINES 2, 24, 53, 60, 59 and 58 (AUTUMN CROP)

h, numbef of pTants scored. Nutrient agar medium 8. ND for Lines 53 and 60 under S.D. conditions are also
iven in brackets beside figures for NF." '

| 60

| | ~S.D. . | L.D.
_ ¥i;2?l; Intact - Decotyledonized Intact Decotyledonized
Line |(Weeks)| n NF t SE n NF +  SE n NF +SE | n NF +SE
| 0 19 26.79 .22 20 20.25 .48 20 15.45 .17} 20 13.00 .14
2 2 |14 25.21 .50 21 18.52 .25 20 15.40 .11} 16 12.81 .16
4 18 23.83 .76 21 18.71 .28 20 15.00 .16} 19 12.95 .12
0 19 24.05 .32 21 20.95 .56 20 15.80 .21} 22 13.32 .14
24 2 19 22.42 .3 22 18.32 .41 19 14.95 .22| 19 12.58 .16
4 20 20.65 .23 21 18.72 .27 18 13.83 .15 22 12.23 .11
0 15 21.47(23.12) .36(.51)| 19 14.21(23.67) .29(.35)] 19 12.84 .30| 20 10.35 .22
53 2 - |10 18.30(20.85) .68(.64)| 21 13.78(22.38) .23(.50)f 20 12.40 .31 17 10.24 .18
4 20 11.40(17.53) .27(.34)| 22 13.45(22.48) .14(.34)] 20 11.15 .13} 23 10.26 .09
0 21 10.57(19.79) .12(.59)| 18 12.56(22.71) .37(.47)| 20 10.40. .11|23 9.52 .11
2 20 10.00(17.00) .07(.36)| 23 13.57(22.17) .27(.47)f{ 20 10.15 .15{20 9.35 .11
4 23 10.09(16.75) .06(.42)| 20 13.40(23.22) * .32(.28)| 20 10.00 - |21 9.95 .05
0 19 8.8 .1 16 10.94 - .17 19 8.79 .10]19 10.11 .26
59 2 119 9.05 .12 18 9.83 .15 20 9.00 .15|22 9.32 .12
4 119 9.16 .09 19 9.37 - 11 |20 9.40 .11{23 9.43 .11
0 21 9.00 .07 17 11.24 .16 18 9.28 .14{19 11.00 .20
58 2 19 9.63 .19 17 10.47 17 17 9.18 .09|17 9.8 .26
4 19 9.8 .09 20 9.90 .10 19 10.00 .08{20 10.00 .07

Experiment 6.2 -

[1°9
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FIGURE 6.1

EFFECT OF COTYLEDON REMOVAL AT VARIOUS STAGES
OF GERMINATION ON NF IN LINES 2, 24, 53, 60, 59 AND 58
(SUMMER CROP) '

L.D. conditions

..... S.D. conditions

(The standard errors are shown where appropriate.)

Although it would be more accurate to depict these results in
histogram form, the line drawing was chosen so that the figure

could be more easily understood. -

Experiment 6.1
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FIGURE 6.2

EFFECT OF COTYLEDON REMOVAL, VERNALIZATION
- AND PHOTOPERIOD ON NF IN LINES 59 AND 58
~ (AUTUMN CROP)

Plain bar - Intact plants

‘Hatched bar - Excised plants

(The standard errors are shown at the top of each histogram.)

The da£a~summarized is based on the number of b]ants indicated
at the base of each bar.

Experinent 6.2
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FIGURE 6.3
'EFFECT OF COTYLEDON REMOVAL , VERNALIZATION
AND PHOTOPERIOD ON NF IN LINES 2 AND 24

(AUTUMN CROP)

Plain bar - Intact. plants

© Cross hatched bar -  Excised plants

The data summarized is based on the number of plants indicated
at the base of each bar. '

(The standard errors are shown at the topVOf each bar.)

Experiment 6.2
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FIGURE 6.4

EFFECT OF COTYLEDON REMOVAL, VERNAL IZATION
-AND PHOTOPERIOD ON NF AND ND IN LINE 53
' (AUTUMN CROP)

-P1a1n bar - .Intact_plants_
Crosé hatched bar ~ -  Excised p]ants
FulT e - N
Broken line - ND

The data summarized is based.on the number of plants indicated
at the base of each bar. |

(The standard errors are shown at the top of each bar.)

Experiment'6.2
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FIGURE 6.5 -

vEFFECT OF COTYLEDON REMOVAL, VERNALIZATION
"AND PHOTOPERIOD ON NF AND ND IN LINE 60
(AUTUMN CROP)

Plain bar -~ - Intact plants

Cross hatched bar

Excised plants
Full Tine - NF
Broken 1ine - ND

The data summarized is based on the number of plants indicated
at the base of each bar.

(The standard errors are shown at the top of each bar.)

Experiment 6.2
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Chapter 7

THE GROWTH PATTERN

a INTRODUCTION

- Many workers have made reference to the idéa that an alteration
to the growth of a plant may have a direct effect on the resultant NF,
without affecting the flowering process as such. Haupt (1969) certainly
suggests that the effect of temperature on flowering behaviour may be
the result of such a phenomenon, and both Sprent (1966a) and Paton (1967)
mentioned this as being a possibility with respect to leaf removal
experiments. Further, two recent papers have contained the words "growth
pattern" without definition when discussing the effect of cotyledon
vemoval on NF (Murfet, 1973; Murfet and Reid, 1973). This phrase has
been mentioned in previous chapters, and in the context of this thesis
"growth pattern" is defined as the ratio total nodes : expanded nodes.

“In the introductory chapter, reference was made to a possible
relationship between the growth pattern and flowering behaviour.
Throughout this thesis, it has been suggested that cotyledon removal may
have a direct effect on NF in Line 24 plants by somehow affecting the
physical development of excised plants. Ceﬁtain}y;nattributinglthe
effect of cotyledon removal on NF solely to the removal of a cotyledonary
inhibitor has only been done with some discomfort since the growth rate
has obviously been reduced by cotyledon removal (seé Chapters 3 and 4),
and it was felt that NF may also have been affected directly by this
Slower development. ' '

. It was not until the final stagés of the work programmé howevér,
*that a method was devised whereby an effect of growth rate on NFcould
" be separated from other factors (e.g. vernalization, photoperiod), and
a clue was obtained from an experiment reported by Paton (1969) (see
also Amos.and Crowden, 1969). |
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Previously, it had been suggested that the events in the leaf and
those in the g?zleeading to floral initiation were 1ikely to be so
different in space and time that different terms should be used to
distinguish them (Evans, 1969). Evans suggested "induction" and
"evocation" respectively. | ‘

In his paper, Paton demonstrated what appeared to be a physiological
separation of the vernalization and photoperiod response by transferring
plants from L.D. to S.D. conditions at various stages of development. He
presented results which suggested that the inductive pfocess-was affected
bylphotoperiod and the evocation process by vernalization. He further
suggested that the inductive process involved the production of a stimhlus,
and that the evocation process was affected by the presence of an
inhibitor. Vernalization reduced the effectiveness of the inhibitor,
thus causing rapid evocation.

The purpose of the experiment to be described was threefold. In.
the first instance it was designed so that the effect of cotyledon removal
on the rate of vegetative development (as measured by the growth pattern)
could be nehsured.' Secondly, it was thought desirable to expand Paton's
experiment to include excised plants, to see whether cotyledon removal
influenced the effect reported by Paton. And thirdly, it was thoughf4
that if the conditions were reversed (i.e. plants transferred from S.D.
to. L.D. conditions) the results obtaﬁned by Paton with respect to the
induction and evocation processes should still be observed.

b  THE GROWTH PATTERN

Experiment 7.1:- A full factorial experiment involving

vernalization, cotyledon removal and photoperiod was performed
as previously described in Chapter 4 (Experiment 4.8), with the
. ' _
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addition that plants were either left intact or had one or
both cotyledons removed, cotyledon removal occurred prior to
any vernalization treatment, and the vernalization treatment
lasted for 4 weeks. ' ‘

The rate of growth was measured in terms of two parameters, these
being the Stage'of node expansion (NE) and the total number of
nodes initiated (NT). The decimal system of defining NE and NT a
described by Maurer et al (1966) was used in quantifying these
measurements . ‘ )

For intact plants, progressive recording of growth data was
iidde at 3-day intervals by scoring 4 plants taken at random
from each treatment. These readings gave a fair spread
during the entire vegetative phase, and because of the quantity |
of .data involved, are presented in purely statistical form in
Table 7.1. At the same time as the growth data was recorded,
20 plants per treatment were transferred from one photoperiod
to the alternate one, wherein. they were allowed to grow to
anthesis. P

2
Bétause of the limitations of'€ime and space in the facilities
available, the experiment needed to be limited in size, and
for the remainder of the treatments, only 3 plants were
transferred between photoperiod regimes at any one time. For
semidecotyledonized p]ants, readings were taken of 3 plants
at 3-day intervals, and for fully excised plants, readings
were made of 3 plants at 6-day intervals.

After plants had been transferred from one photoperiod to

the other, periodic checks on the growth rate were made to
determine whether any change had occurred. Flowering was
measured in terms of NF. The progress of each individual
plant was foT]owed, and for plants transferred between photo-
periods, their NF was related back to their NE at the time

of transfer.

A

3 .
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addition that plants were either left intact or had one or
both cotyledons removed, cotyledon removal occurred prior to

any vernalization treatment, and the vernalization treatment
lasted for 4 weeks. '

The rate of growth was measured in terms of two parameters, these

being the étage'of node expansion (NE) and the total number of
nodes initiated (NT).  The decimal syStem of defining NE and NT a
described by Maurer et al (1966) was used in quantifying these
measurements . '

For intact plants, progressive recording of growth data was
mdde at 3-day intervals by scoring 4 plants taken at random

FiAdmiAarh_tkunastmant. - Thaca_roadinas_aave_a_fair_<nrvead

[ NP

AT1 treatments were carried out concurrently during the summer
season, and to allow for statistical treatment of the data, they
were each planned as randomized block experiments. |

The results are given in Tables 7.1 - 2 and Figures 7.1 - 7.11.
Results:- -The results are best considered in two parts. The

first part is concerned simply with the measurement of the
growth rate using the two criteria NE and NT. When NE was

aplotted égainst time (Figure 7.1) it was found that:-
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(a)  the w1th1n treatment variances were unacceptab]y high,
&"i »A}‘_\ ane A Mkncw\ Y\t»v\.\b\

_(b) the rate of node expansion for fully excised plants was
dependent on the photoperiod and vernalization treatment,
whereas intact or semi-decotyledonized plants displayed

'no such effect..

(c) although semi-decotyledonized plants showed a similar rate
‘of node expansion to intact plants, a Closer examination of
the NT data showed that they were in fact at a different

o stage of physiological deVelopment (see Figure 7.2).

(d) a non- 11near relationship held for fully excised p]antshxi,
hl‘x\"i i B )

It was found to be both more convenient and more accurate to

determine the actual stage of plant development byvmeasufing NT

as a function of NE (Table 7.1, Figure 7.2). The ratio NT : NE

is hereafter referred to as the growth pattern. The measurement

of .growth by the growth pattern had advantages over the time rates

of measurement in that:-

* (a) high within-treatment variances were largely eliminated.

(b) Tinear relationships existed for all treatments.

(¢) all treatments had-a growth pattern of the same or
similar slope.

Examination of Figure 7.2 shows that the growth pattern was not
affected to any great extent by the vernalization and photoperiod
treatments. The displacement in the growth pattern was caused
primarily by the cotyledon status. It is thus apparent that
cotyledon removal caused a reduction in the number of unexpanded
nodes in the apex at any given stage of node expansion. However,
one anomalous result does need mentioning.
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Fully excised plants which had been vernalized and grown under
L.D. conditions (VL) displayed a growth pattern which was
displaced such that they contained a greater number of unexpanded
nodes in the apex than did the other excised plants at simi]af
stages of node expansion.

The second part of thé experiment concerned the effect of vernal-
jzation, photoperiod and partial or complete cotyledon removal on
NF. These results are given in Table 7.2 and.Figure 7.3, and are
~completely in accord with data given previously, with one exception.
Fully excised,p]énts whiéh had been'vernalized and grown under L.D.
conditions flowered out of a higher node (NF = 12.39) than their
unvernalized counterparts (NF = 12.11). Although this difference
was not significant, this phenomenon had never before been observed
in our laboratories. . |

The third part of the experiment concerned the transfer of plants
from one photoperiod to the other, and especially the comparison
of the final NF with the growth pattern. The results for plants
that were transferred from S.D. to L.D. conditions are shown:
-'diagrammatica11y in Figures 7.4 - 7.6, and Figures 7.7 - 7.9

show the results of p1ants_that were transferred from L.D. to
S.D. conditions. |

The time at which the transfer of plants was carried out from one
photoperiod regime to the other is specified by NE. The standard
errors for partially or fully excised plants are not shown ‘as the
actual number of plants transferred at any particular stage of NE
was small for these treatments. ' ' |

Plants that were transferred from one photoperiod regime to the
‘other behaved in a simi]arAfashion, irrespective of the vernaliz-
‘ation or cotyledon treatment. The effect of the pre-transfer
photoperiod treatment was proportional to the duration of exposure,
and resulted in either a progressive delay (Figures 7.4 - 7.6) or
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a progressive advancement (Figures 7.7 - 7.9) in NF, depending
on the direction of the transfer. Vernalization and cotyledon
removal had effects that were additive to that of photoperiod
transfer.

Figures 7.4 - 7.9 are concerned with the relationship between NF
of p1ants‘transferred between photoperiod treatments and the growth
pattern curve for each treatment. The respective curves are seen
to converge and finally intersect at the point corresponding to the
NF for the stated treatment without transfer. There is no evidence
to support the observation by Paton (1969) of "evocation plateaus".

In Figures 7.10 and 7.11, the NF for non-iransférred plants is.

shown against NE for all treatments, together with the. relevant
section of the growth pattern curves. NF occurred at a particular
point of NE Which had been predetermined by photoperiod and vernaliz-
ation but was independent of the cotyledon status. Thus, unvernalized
plants flowered under L.D. conditions once NE reached 6, and under
S.D. conditions once NE reached 10. Vernalization lTowered the

" necessary NE to 5 under L.D. conditions and 8 under S.D. conditions.

Discussion:- It has been stated previously that the Line 24 cultivar
of Pisum sativum undergoes a period of vegetative development before

reaching the ripeness-to-flower stage; the minimum node at which
flowering can occur appears to be node 12.°

In the Tight of the results obtained from this experiment, this
statement needs to be modified. ’ '

This experiment shows that NF is highly correlated with NE and that
NE.at flower initiation is determined by photoperiod and vernaliz--
ation treatments. The cotyledon status has no significant effect:
on NE at flower initiation (see Figures 7.10, 7.11) although it
does affect NT for a particular NE by lowering the number of
unexpanded nodes in the apex. Cotyledon removal is the only
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treatment of the three which affects the growth patterm in this
manner. ' |

- From the transfer experiments it is obvious that from the time node
3 has opened plants are able to respond to a change in the photo-
period regime (see also Sprent, 1966a; Paton, 1967). The period of
~ vegetative development before flower initiation can occur isAin-fact
a continual and gradual build-up of potential to transfer from the |
vegetative to the flowering state. This potential is realized at
the ripeness-to-flower stage, which occursvonce a particular stage
of leaf expansion is reached. This minimum leaf requirement has been
shown to be affected by photoperiod and vernalization, the ear]ieét
that a plant can flower being once node 5 has expanded (see: Figure
7.11). The earliest NF will thus be dependent on the grthh pattem
of the particular plant, and would be reduced below the present
minimum of node 12 if the growth pattern could be displaced further
to the right (i.e. the number of unexpanded nodes in the apex be
further reduced).

The photoperiod response:- It would seem that photopériod’isA
involved with the quantitative production of an inductive stimulus

in the leaves. There is no reason to suspect that this process does
not occur in all green tissue, including the stipules and the stem
itself (Haupt, 1969). From the transfer experiments, the progressive
and continuing response to photoperiod exposure from the time node 3
has expanded indicates that all true leaves are involved in the
inductive process, and will respond to any change in photopériod
until such time as flower initiation has occurred.

Obviously, an increase in the photoperiod will cause an increase in
~ the production of the inductive stimulus with the result that the '
- threshold Tevel will be surpassed at an ear]ier'Stage and flowering
will occur. ' ’

The vermalization response:- Vernalization seems to be involVe¢ in
the flowering process by reducing the effective threshold level which
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the inductive stimulus must reach before flowering. can occur. It
is independent of but additive to the photoperiod response as can
_be seen from the results of the transfer experiments (Figures 7.4 -
7.9). " As it is independent of the photoperiod response, and since
it occurs in fully excised plants, the most Tikely site of action
for the vernalization response would appear to be in the apex, where
~ the inductive stimulus causes the changeover from the vegetat1ve to
the reproductive state.

Both vernalization and photoperiod have a direct effect on f1ower1ng
in that neither treatment has any effect on the growth pattern. The
one anomalous result where vernalization and photoper1od did appear
to have an effect on the growth pattern (i.e. for fully excised
plants wh1ch had been vernalized and grown under L.D.. cond1t1ons)
explains: the other anoma]ous result where vernalized p]ants flowered
out of a higher node than did their unvermalized counterparts. It
can be seen quite clearly from Figure 7.9 that a greater displacement
of the growth pattern to the right would have allowed these plants
to flower:out of a lower node, and in fact some p]ants did show the

" normal response.

The delay in the evocation events of intact unvernalized plants as
reported by Paton (1969)'was,not‘reproduced here. Although Paton
used as his co-ordinates NT and time, the effect should still be
apparent if growth is measured by the growth pattern, since NE and
time show a linear relationship - at least for intact plants »
(see Figure 7.1). It may be that the conditions under which the
experiment was conducted played some part in the obtaining of such
different results. The quality control over such factors as light
intensity, light quality and daily temperature levels were not as
strict in this present experiment as they were in his experiment.

The cotyledon response:- The effect of cbty]edon removal appears
to be an indirect one and its main .effect is in determining the
humbeh of unexpanded nodes in the apex at the completion -of photo-
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periodic induction. Thus the role of the cotyledon in producing
the flower inhibitor, colysanthin - as reported previously by
Barber (1959), Paton (1969), Johnston and Crowden (1967), and
Amos and Crowden (1969) - needs to be revised.

It seems likely that a flower inhibitor is produced in Line 24

plants as a result of activity of the Sn gene, which sets a threshold
level that the photoperiodic stimulus must attain before flowering
can occur. -However, as reported by Murfet (1971,c), the site of
activity of the Sn gene appears to be in the shoot as much as it is
in the cotyledons.

It is necessary now to return to some of the points raised earlier
in thlS thes1s and to d1scuss them 1n relation to the growth pattern
effect. '

In Chapter 3, it was shown that the level of available nutrient had
an effect on NF in both intact and decotyledonizeq plants. Haupt (1952,
1955) has shown that an increase in the 1ével‘of‘nitrogen’wi11 delay NF |
in an exc1sed early cu1t1var “and Sprent (1966b, 1967) has also shown an.
increase in NF with an increase in the nutrient level for intact “Greenfeast"
plants. It may be that if the nutrient level becomes a 11m1t1ng factor
to growth, then the growth'pattern‘is displaced such that the number of
unopened nodes in the apex is reduced.

‘SimilaKTy, it has been shown that an increase in the growing
temperature will.also delay NF in late varieties of peas (e.g. Barber,
©1959; Stanfield et al, 1966; Ormrod et al, 1970). This effect could
“also be caused by a displacement of the growth pattern, allowing for a
greatet number of nodes to be laid down in the apex relative to the number
of open leaves. Althbygh a similar situation has not been observed in
early varieties (Haupt, 1952; Highkin and Lang, 1966), the period of
_timé-available;before flower initiation occurs may not be sufficient to
a]low'for a change in the growth pattern in these varieties.
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The light intensity under which plants are grown has also been
~ shown to have had an effect on NF in late varieties. Moore (1964) has
- shown that a reduction in the light intensity causes late varieties to
flower at an earlier node whereas early varieties are delayed in their
flowering (also Leopold and Guernsey, 1954; Haupt, 1957). This latter
point is important when considering the results of Kohler (1965) who
~carried out a number.of éxpériments»at sub-optimal conditions. Although
'no effect of light intensity on NF was observed in these present
- experiments, plants were only grown under differing light regimes for
a short while, and not through to anthesis. Yet again this effect may
well be the result of an alteration to the growth.pattern. The reduction
in light intensity could cause fewer nodes to be produced at the apex
of late varieties relative to the number of open leaves.

- It is of interest to note that both Sprent.-(1967) and Maurer gz;gl
.(1968) found that the level of water supply would affect the rate of-
growth of the plants but hot NF. . Thus it would appear that-the:growth
pattern is.not disturbed by the water level, and that the rate of.node
production is affected to the same extent as the rate.of noHeieXpanSion;

All.of these minor variations - nutrient supp]y, gr0w1ng
temperature and light intensity .- could be involved in the seasonal
variations that were observed throughout the programme and commented
upon in Chapter 3. '

A more important point, however, was the suggestion (Chapter 3,
p. 3.12) that the effect of cotyledon removal was a result of the

| removal of. the: cotyledonary inhibitor, which was supported.by the
Teaching experiments of Sprent and Barber (1957). It would seem more

feasible to interpret the results of cotyledon removal not so much as

.one. of removing iheASUpply of inhibitor but more as a disp]acément of

the growth'patterh ATthough more work will be required to support |
this comment, especially with reference to Experiments 3.5 and 3.6,

1t seems the more logical 1nterpretation
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_ A
This does not mean, however, that cotyledons of late varieties

do not contain an inhibitory substance. In fact, it would appeér from
the results of Murfet and Reid (1973) and from the‘Qerna1izatioﬁ studies
presented here (comparing_the effect of an increasing vernalization
treatment between intact and excised plants) that there is still a need
to postulate the presence of a floral inhibitor in the cotyledons of
late varieties. However, the effect of cotyledon removal on NF may not
be primarily the result of the removal of the coty1edonany inhibitor.

It is tempting to suggest that the effect of the time of cotyledon
removal (e,g. prior to or at the completion of-a vernalization treatment)
is also an effect of growth pattern displacement. HOwever, more work
will be required before this can be stated unequivocally. | -

One important piece of evidence which cén'fairly safely be presumed
to be an effect of growth pattern disp]atement is the effect. of grafting.
It was' found that the effect of grafting was to be .found mainly under
L.D. conditions, but not under S.D. conditions. It appears likely that
'under_S.D. conditions the growth pattern is fully normmalized before
_fToWer initiation occurs, but that under L.D. conditions, the scion is
still at a stage of development - approximating that of the excised plant.

!



» TABLE 7.1
THE: EFFECT OF COTYLEDON:REMOVAL, VERNALIZATION AND PHOTOPERIOD ON THE GROWTH PATTERN (SUMMER CROP)

Readings were takeh'for the duration of each treatment. Nutfient agar medium 8.

Treatment '
- Number of Slope * SE Correlation
Photoperiod Cotyledon Vernaliz- Readings Coefficient
: Status ation
Status
Intact U 63 1.59 .02 0.99
o : v 53 1.72 .07 0.99
s.D. Semi Excised U 14 1.44 .05 1.00
o v 11 1.60 .07 0.99
Fully Excised U 18 1.36 .04 . 0.98
v 15 1.31 .07 0.98
Intact U 40 1.72 .04 0.99
) 25 - 1.96 - .08 0.98
L.D. ' Semi Excised U 11 1.80 .10 0.99
' ) 10 2.04 .06 "1.00
Fully Excised u 10 1.54 - .13 0.97
: v 9 1.35 A2 0.97

IARNA



CTABLE 7.2

EFFECT OF COTYLEDON REMOVAL, VERNALIZATION AND PHOTOPERIOD ON NF OF LINE 24 PLANTS (SUMMER CROP)

n, number of plants scored.

Nutrient agar med1um 8

$.D. L.D.
Cotyledon Status . Unvernalized Vernalized Unvernalized ‘Vernalized
| n NF = SE n NF & SE n NF & SE n NF + SE
Intact , 63  21.02 .17 3% 18.97 .11 60  14.98 . .09 29 13.86 .14
Semi Excised 35 19.97 .19 25 18.28 .15 27 14.26 .11 26  13.77 .10
Fully Excised 24 17.38 .41 22 15.23 .11 18 12.11 .16 23 12.39 .17

€1°L
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7.4
FIGURE 7.1 - | |
~ EFFECT OF COTYLEDON REMOVAL, VERNALIZATION AND PHOTOPERIOD
ON_THE RATE OF NODE EXPANSION IN LINE 24 PLANTS
o (SUMMER CROP)

As there was no diffe?encé-ih the ‘rate of node expansion for'intact
: and semi-decotyledonized plants, these results have been‘combined.'

Intact and semi-decotyledonized

~—e-== -~ Fully excised

U 1f Unvernalized

Voo Verha]iZéd’

S ‘_ - Shqrf-da&.bﬁotOPEriod ,
“:L»' ‘VVLOHQ day photoper{od

oy,

A
A

F’]
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EXPLANATION OF FIGURES

: The growth patterns for the 6 different treatments are shown 3
in Figure 7.2. These curves were obtained by recording NT

and NE at various stages of vegetative growth and calculating
the slopes and correlation coefficients (see Table 7.1).

Figures 7.4 - 7.9 show the effect on NF when unvernalized
and vernalized plants are transferred between the two photo-
period regimes at various stages of vegetative growth.

1. The appropriate growth pattern curves are 4
represented by the straight lines
NT at transfer for unvernalized
plants
----- NT at transfer for vernalized plants }.
2. ' The-iabe]]ed lines show NF data for plants having ¥
undergone transfer treatment
———  (US-UL) 'NF for unvernalized p1ants
----- (VS-VL) NF for vernalized plants
Additional details for specific figures are given in the
respective legends.
ﬂ
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FIGURE 7.2

THE EFFECT OF COTYLEDON REMOVAL, VERNALIZATION AND PHOTOPERIOD
ON THE GROWTH RATE OF LINE 24 PLANTS, AS MEASURED BY
. THE GROWTH PATTERN ~
(SUMMER CROP)

U - Unvernalized

V, - Vernalized

.S - Short day conditions
 L - Lohg'day conditioﬁs
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FIGURE 7.3

EFFECT OF COTYLEDON REMOVAL, VERNALIZATION
AND PHOTOPERIOD ON NF IN LINE 24 PLANTS
(SUMMER CROP)

- 'The data summarized is based on the number of plants indicated
at the base of each bar. '

" The standard errors are shown at the top'of'eachvbar.
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| " FIGURE 7.4 ,
THE EFFECT OF S.D.» L.D. TRANSFER AND VERNALIZATION
“ON_NF_IN INTACT LINE 24 PLANTS
o (SUMMER CROP)

The stage of development at which plants were transferred_is
shown by NE. I |

The growth paftern for intact unvernalized and vernalized
plants under S.D. conditions is also shown.

- ~ Unvernalized

BEEEEEE ' - :Vernalizéd
U - Unvernalized
) - Vernalized
S - - Short day eonditions

— .
t

Long day conditions

(The standard .errors afe}shdwn as vertical lines;).
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FIGURE 7.5

THE EFFECT OF S.D.» L.D. TRANSFER AND VERNALIZATION

ON NF IN SEMI-DECOTYLEDONIZED LINE 24 PLANTS
o (SUMMER CROP)

The stage of deve]opment at which.p]ants were trans ferred is‘

shown by NE.

The -growth pattern for semi-decotyledonized unvernalized and
vernalized plants under S.D. conditions is also shown.

- Unvernalized
———— - Vérna]ized
U; - Unverna]ized
v - Verna]ized
S - Short day cond%tions‘
L .- Long day conditions

(The standard errors are not shown sirce the sample sizes were small.)
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FIGURE 7.6

THE EFFECT OF S.D.» L.D. TRANSFER AND VERNALIZATION
ON NF IN FULLY EXCISED LINE 24 PLANTS

~ (SUMMER CROP)

The stage of development at which plants were transferred is
shown by NE. ' '

The growth pattern for fully excised unvernalized and vernalized
plants ‘under S.D. conditions is also shown. '

- Unvernalized

______ - Vernalized

Y - Unvernalized

:V_ - Vernalized

S - Short day condifions
| L - Llong dqy'conditions

(The standard errors are not shown since the sample sizes were small.)
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" FIGURE 7.7
THE EFFECT OF L. D.»S.D. TRANSFER AND VERNALIZATION

ON NF IN INTACT LINE 24 PLANTS
(SUMMER CROP)

The stage of development at which plants were transferred
is shown by NE. '

_ The growth pattern for 1ntact unvernalized and verna11zed

plants under L.D. cond1t1ons is a]so shown.
- Unvernalized -

;__7;_ - Vernalized

U | - Uﬁverna]izedv
v - Vernalized

-'S _ - Short day éondifionsv'
L: '  - Long day conditibns

(The standard errors are shown as vertical lines.)
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FIGURE 7.8

THE EFFECT OF L.D.» S.D. TRANSFER AMD VERNALIZATION

-ON _NF IN SEMI-DECOTYLEDONIZED LINE 24 PLANTS -
(SUMMER CROP) i -

The stége of deve]opment at which p]ants‘were transferred is
shown by NE.

The growth pattern for semi-decotyledonized unvernalized and
vernalized plants under L.D. conditions is also shown.

Unvernalized

m=me- - ,*.Veknalized
U - Unvernalized
vV - Vernalized
S - Short Aay conditiops
L - Long day ?onditions

(The standard errors are not shown since the. sample sizes were small.)
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FIGURE 7.9 :
THE EFFECT OF L.D.» S.D. TRANSFER AND VERNALIZATION

ON NF IN FULLY EXCISED LINE 24 PLANTS.

~ (SUMMER CROP) .

The stage of development at which plants were transferred
is shown by NE. - ' ' '

The growth pattern for fully excised unvernalized and
vernalized plants under L.D. conditions is also shown.

Unverna]ized
—memee - VernaTized

u - Unvernalized

v - Vernalized
S - Short day conditions
L f - .Long day conditions.

(The'standard errors are not shown since the sample sizes were small.)
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FIGURE 7.10

THE EFFECT OF COTYLEDON REMOVAL AND PHOTOPERIOD
ON NF IN UNVERNALIZED LINE 24 PLANTS o
: (SUMMER CROP)

 The relevant vse‘ction of the appropriate growth pattérn curve -
~is also shown. |
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FIGURE 7.11

THE EFFECT OF COTYLEDON REMOVAL AND PHOTOPERIOD
ON NF IN VERNALIZED LINE 24 PLANTS
(SUMMER CROP)

The relevant section of the appropriate growth pattern
curve is also shown. 4 |
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Chapter '8

SUMMARY

1.  In this thesis, the role of a number of variables affecting the |
flowering behaviour in Pisum sativum have been examined. " In

part1cu1ar, d1scuss1on has centred around the role of the cotyledons,
vernalization and photoperiod on the flowering of a late variety -
Line 24, derived from the commerc1a1 variety "Greenfeast" - and

a comparison of that ]1ne w1th other lines of known genotype.

2. It is suggested that an accurate method of determining the true
'physiological age of a plant is to measure its growth pattern. The
growth pattern is defined as the ratio total nodes : expanded nodes,
and has been measured for Line 24 plants. It was found that the
growth pattern has a direct effect on the flowering behaviour of

" Line 24 plants, as measured by NF, and examination of this effect
has shown ‘that f16wer'initiation is dependent on a minimum leaf
requirement.’ ' ' '

- 3. A1l cu]tiyars Qf Pisum sativum have the ability to produce a floral
stimulus in the green tissue of the plant.

4. Photoperiod has a direct effect on the flowering process by causing
- a differential rate of production of stimulus in the green tissue.
It is a continuing process which commences at the time of opening
of the first true leaf. Photoperiod does not affect the growth
~ pattern. L1ne 24 plants will flower under S.D. conditions once
the leaf at node 10 has expanded, and underL.D. cond1t1ons once
the leaf at node 6 has expanded.

5. The majok'effeét of vernalization is to directly encourage the
activity of thevphotoperiod stimulus. It reduces the minimum leaf
- requirement under either-phbtoperiod. It is a direct effect on
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~ the flowering process, it requires only a short period of time
- to register a full effect, and does notvaffect the growth pattern.

Vernalization reduces the minimum Teaf requirement to 8 under S.D.

o conditions and 5 under L.D. conditions.

Vernalization also reduces the effectiveness of the cotyledonary
inhibitor system, but requires a longer period of exposure to
register a maximum effect.

Cotyledon removal only affects the flowering process indirect]y.,

Its main effect is to displace the growth pattern such that the

number of unopen nodes at the apex is reduced.

- It is suggested that the grafting effect may be similar to that of

cotyledon removal, especially under L.D. conditions.

The effects of nutrient supp]y; light intensity and growing
temperature may produce a small displacement in the growth pattern.

Gene "Sn", which confers the ability of a plant to respond to
photoperiod and vernalization, produces a f]dra] inhibitor in

both the shoot and the cotyledons. The recessive "sn" gene
behaves as a leaky mutant in the shoot. The inhibitor establishes

-a threshold level at the apex which must be overcome by the floral

stimulus before flower initiation and development can occur.

Gene "E" greatly reduces the effectiveness of the cotyledonary
inhibitor, perhaps by thevproductioh of a cotyledonary flower
promoter, and further may delay initial production of the
inhibitor in the stem. '

Gene "Lf" both represses the activity of gene "E" and encourages
the activity of gene "Sn" in the shaot.
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Summary

Estimates have been made of the quantitative contribution of each of the
determinant factors, photoperiod, vernalization, and colysanthin (a presumed’
inhibitor of flower initiation formed in the cotyledon), in regulating flower initiation
in the late-flowering pea cultivar Greenfeast.

Photoperiod appears to be quantitatively related to the production of an
inductive stimulus. This stimulus reaches its threshhold level at about node 12 under
18-hr photoperiods, but not until node 18 under an 8-hr photoperiod.

’ Colysanthin delays events between photoperiodic induction and flower
initiation (evocation), and causes a slightly greater delay to flower initiation in short
than in long days (3 and 2 nodes respectively).

Vernalization appears to have two separate effects, both of which promote
flower initiation at anearlier node. The smaller effect is manifest on the cotyledonary
inhibitor system, and probably results from a reduction of the effective level of
colysanthin. The major effect does not appear to involve colysanthin, but is manifest
on the young embryo and is effective before photoperiodic induction is completed. The
embryo response to vernalization results in advanced flower initiation of some 4 nodes
in long days and nearly 6 nodes in short days. This effect may be partially obscured
by colysanthin, unless the cotyledons are excised soon after vernalization is completed.

The evidence favours the view that the three determinant factors act in a
complementary manner, rather than competitively, to regulate flower initiation
in Greenfeast.

I. INTRODUCTION

Greenfeast, a late-flowering cultivar of Pisum sativum L., behaves as a quan-.
titative long-day plant [node to first flower (NF) = 17 under an 18-hr photoperiod
(P1g); NF = 24 under an 8-hr photoperiod (Pg)]. Significant advancement of NF
can be brought about by grafting Greenfeast scions onto stocks of early-flowering
varieties [e.g. Massey (Paton 1956)], by vernalization (Barber et al. 1958), or by
cotyledon excision during early stages of germination (Johnston and Crowden 1967).

Paton and Barber (1955) proposed a mechanism based on a mobile inhibitor
produced in the cotyledons of late-flowering varieties, to account for the grafting
behaviour, and this idea is well supported by cotyledon-removal experiments. Barber
(1959) introduced the name ‘“‘colysanthin” for this inhibitor, and suggested that
flowering in late varieties occurred when colysanthin was destroyed. Moore (1964)
has proposed that vernalization and cotyledon excision in peas may have a common
basis, and Paton (1956) concluded from grafting experiments that vernalized stocks
of Greenfeast contained less inhibitor than unvernalized stocks.

* Botany Department, University of Tasmania, Box 252C, G.P.0O., Hobart, Tas. 7001.

Aust. J. biol. Sci., 1969, 22, 1091-103
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An alternative proposal is due to Haupt (1952), who suggested that cotyledons
of at least one early-flowering variety, Kleine-Rhinelanderin, produce a flower-
stimulatory substance which is graft transmissible. This florigenic substance is
thought to be absent from late-flowering varieties, or alternatively its formatign is
blocked by an inhibitor (possibly a colysanthin) which is pruduced in the cotylet?;ons
of these plants (Haupt 1969).

To date unambiguous experimental verification of either hypothesis has not
been made, and all attempts at definitive isolation of a florigenic substance or of a
colysanthin have been unsuccessful.

. In these present experiments, an attempt has been made to determine more
‘precisely the relationship between the cotyledon system, photoperiod, and vernali-
zation in regulating NF in Greenfeast peas, and in particular to show possible
independent or interacting effects.

IT. MATERIALS AND METHODS

o Seeds used in these experiments were obtained commercially in Hobart, in a single
batch. Before any treatments were commenced, seeds were selected so that their testae were free
from cracks or obvious infections, and were surface-sterilized by dusting with Thiram-80. Seeds
were planted in a mixture of moist vermiculite—small dolerite chips (1 :1), contained in 5-1b
fruit pulp tins, five seeds per tin. The plants were grown in a glasshouse, under controlled
phetoperiods of either 8 or 18 hr. Tllumination in both photoperiods was provided by natural
daylight, supplemented and extended as required by.mixed banks of fluorescent and incandescent
lamps. Plants were supplied twice weekly with Hoagland’s complete nutrient solution (one-
quarter strength) and watered as required.

Seeds to be vernalized were planted in tins as above, and placed in a room at 3°C for perxods
of up to 4 weeks. Excision and culture of embryos was carried out as described by Johnston and
Crowden (1967). When embryos were to be vernalized, they were planted onto sloped agar in
tubes to.afford good illumination during the vernalization period. In these cases photoperiod was
provided by artificial llght only

~  The technique used for graftmg was as descrlbed previously by Paton and Barber (1955)
For graftmg verna.hzed/plants seeds | |were planted 3in. deep in moist vermiculite and given
4 weeks vernalization at 3°C. This deep planting encouraged extension of the epicotyl and
facilitated the grafting procedure. When mixed grafts were performed, i.e. vernalized with
unvernalized partners, seeds for the unvernalized material were planted 4 days before the due
completion of the vernalization treatment. This ensured that both graft partners were at a
comparable stage of development as determined by apical dissection. The grafts were made at
the stage of opening of the plumular hook, when the epicotyl was approximately 1 in. long (about
6-8 days for unvernalized plants).

To allow for statistical treatment of the data,, the experiments were planned as randomized-
block experiments with four replications in each treatment. A minimum of 20 plants was involved
in each treatment. For the scoring of NF, all plants were grown to anthesis, and the node at which
the first flower (or aborted rudiment) appeared was recorded, taking the cotyledonary node as
zero. Values for means, standard errors, and numbers of plants scored for the various treatments
are quoted in the tables. Average rates of node formation for plants in various treatments were
determined by dissection of groups of 10 plants at intervals throughout the growing period.
Experiments were conducted throughout the year under controlled photoperiod conditions, yet
there is evidence of variations in NF due to seasonal (but not photoperiodic) differences. These
variations are possibly related to seasonal variations of the night temperatures but this point has
not been investigated thoroughly. . Control of temperature in our glasshouse is not absolute, and
whereas reasonably uniform day temperatures can be maintained, it is not uncommon for the
night temperatures, particularly in winter, to fall to about 12°C. Since all plants in any one
experiment were grown under comparable conditions with adequate randomization, it is assumed
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that there is no significant effect of this phenomenon within individual experiments. All results
are recorded showing the season in which the plants were grown.

III. RESULTS

®Factors affecting the determination of NF in Greenfeast were investigated in a
series' of experiments involving cotyledon removal, grafting, vernalization, and
photoperiod in various combinations of treatments.

Table 1 shows the effects of cotyledon removal and vernalization treatments on
flower initiation under 18-hr and 8-hr photoperiods. It can be seen that vernalization
and cotyledon excision led to advancement of NF in both photoperiods, and that the
two treatments supplemented one another in effect, the maximum advancementof

TaBrLe 1

EFFECT OF COTYLEDON EXCISION, VERNALIZATION, AND PHOTOPERIOD ON NODE TO FIRST FLOWER
IN GREENFEAST (WINTER CROP)

Photo- Treatment Node to First Flower  No. of Node to First Flower No. of
period (no vernalization) Plants (4 weeks vernalization) Plants
18 hr Cotyledons intact 16-904-0-21 20 14-424-0-16 19
Cotyledons removed 14-944-0-15 18 12-50-4-0-22 6
8 hr Cotyledons intact 24-35+0-21 20 20-1140-21 18
Cotyledons removed 21-434+0-25 14 18-5740-20 7
18 hr*  Both cotyledons . .
intact . 18°9740-14 29 13-734+0-12 26
Right cotyledon .
removed 14-854-0-13 26 13-044-0-04 26
. Left cotyledon o
removed 14-81-+-0-12 27 12-9740-12 29
Both cotyledons .
removed ~13-8040-17 10 11-90+0-10 10

* Summer crop.

NF being achieved when both treatments were given. Under long days, removal of
both cotyledons advanced flowering by 2 nodes for vernalized as well as unvernalized
plants, whilst the vernalization effect was to advance NF by 2-5 nodes for both
intact and decotyledonized plants. In contrast, when plants were grown in short
days cotyledon removal had a much greater effect in unvernalized than in vernalized
plants (2-9 and 1-6 nodes respectively), and the vernalization treatment was more
effective in intact than in decotyledonized plants (4-2 and 2-9 nodes respectively).
Removal of one cotyledbn gave an intermediate level of effect in both vernalized and
unvernalized plants. ' : I
Rates of node formation for control, vernalized, and decotyledonized plants
under long photoperiod are shown in Figure 1. For unvernalized plants the average
rates of node formation to the time of flower initiation were' 0-47 nodes/day
(cotyledons intact), and 0-26 nodes/day (cotyledons removed). For vernalized plants
the average rates of node formation in the post-vernalization interval were 0-51 and
0-27 nodes/day respectively. The apparently slower rate for non-vernalized plants
reflects the lag of 2-3 days following imbibition before any new node formation
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becomes evident. In contrast, vernalized plants show no such lag in the immediate
post-vernalization period, and, in fact, have laid down one additional node during the
4-week period of the vernalization treatment. If the average rate for control plants
is estimated from day 2 onwards, a rate equivalent to that for vernalized plants is
obtained (0-51 nodes/day). Similar results to those shown in Figure 1, obtained in a
separate experiment, are summarized in Table 3. ’
An equivalent rate of node formation for both vernalized and unvernalized
plants is also reported by Paton (1969). The slightly higher rate in Paton’s experiments
(0-67 nodes/day) is probably related to a higher and constant ambient temperature
during the main growing period. That the plastochron interval should also be similar
for vernalized and unvernalized plants after cotyledon removal indicates that the
effect of seed vernalization on the flowering response of this plant is nét manifest

181

Fig. 1.—Rates of node formation in
control, vernalized, and
decotyledonized Greenfeast plants
under an 18-hr photoperiod (summer
A . ~ crop). The data were obtained in an
experiment parallel to that recorded
in Table 1. Arrows indicate the node
of initiation of the first flower.
a Y = nodes formed during the
vernalization treatment.
O Cotyledons intact, no vernalization.
A Cotyledons removed, no )
vernalization.
@ Cotyledons intact, 4 weeks
vernalization. )
| Cotyledons removed, 4 weeks
vernalization.
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through any alteration in the rate of leaf formation. On the other hand, there is a
clear correlation between the retarded rate of node formation in decotyledonized
plants and the initiation of flower primordia at an earlier node.

To investigate the effect of the time of vernalization and cotyledon-removal
treatments on NF, plants were germinated for varying intervals before vernalization
treatments were begun, and cotyledons were excised from different groups of plants
immediately before or after vernalization. Treatments were staggered to allow all
plants to commence post-vernalization growth concurrently. Because of limited
facilities in the vernalization room, this experiment was conducted under long-day
conditions only. The results are given in Table 2. It can be seen that, irrespective of
whether the cotyledons were present or not, the response to vernalization decreased
as germination and growth of the plants progressed. In fact vernalization had no

L



TABLE 2

EFFECT OF TIME OF COTYLEDON-REMOVAL. TREATMENTS AND VERNALIZATION ON NODE TO FIRST FLOWER IN GREENFEAST (WINTER CROP)

18-hr photoperiod only was used. 7, number of plants scored; N;, number of nodes at commencement of vernalization treatment; Ng, number
of nodes at conclusion of vernalization treatment

S
Days from Length of Cotyledons Removed Cotyledons Removed
Sowing to Vernalization Cotyledons Intact before Vernalization after Vernalization
Commencement Treatment p I\ v | - A ~ | e A \
of Vernalization (weeks) n NF Ny Ng |l n NF N,y Ns n NF N, No
0 0 18 16-7840-21 6-0 — |23 14-844-0-14 6-0 —
4 18 14-394+0-12 6-0 7-0 [ 20 12-284-0-12 6-0 — |10 12-80+0-20 6-0 7-0
6 0 ) 17 15-764+0-25 8.7 —
4 20 15-604+0-15 8:8 11-0 | 13 13:924-0-08 8-8 9:-0{ 18 14-39+0-12 9-5 11-4
- 10 0 19 15-3740-14 11-2 — .
4 19 15-474+0-16  11-2 12-5» 18 14-2240-10 11-2 11-8 { 18 15-4440-16 11-6 14-5
- 14 0 19 16-3740-19  13-2 —
4 20 16-504+0-15 13-1 15-4 | 20 15-9040-16 13-1 14-7 | 18 15-944-0-19 13-2 15-5

SVHd LSVHANTHAYD NI NOILLVILINT HAMOTA
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TaBLE 3

EFFECTS OF VERNALIZATION OF EXCISED EMBRYOS ON NODE TO FIRST FLOWER OF, GREENFEAST (SUMMER CROP)

18-hr photoperiod only was used. n, number of plants scored; N/D, rate of node formation (nodes/day) from end of vernalization treatment to time
of initiation of first visible flower primordium

"\

) ‘ Length of Vernalization Treatments after Cotyledons Removed
Length of .
Yemalnzatnon Cotyledon 0 Weeks 1 Week 2 Weeks 3 Weeks 4 Weeks
Treatment* Status N N N N N
(weeks) 4 hY r hY r = N r A (8 N
n NF N/D n NF n - NF n NF n NF
0 Intact 20 "15-40-4+0-15 0-46
Excised 23 13:484-0-14 0-24 24 12-674+0-12 27 11-764+0-09 7 12-144-0-14 16 12-06+0-11
1 Intact 19 15-50--0-12  0-45
Excised 29 12-484-0-15° 0-23 30 12-334+0-12 27 12-224-0-11 27 12-444-0-12
2_ Intact 20 14-604+0-15 0-51 .
’ Excised 24 12-174+0-10 0-27 17 11:53+0-24 26 11-924-0-13
3 Intact 20 13-504+0-11 0-51
Excised 24 12-334+0-12 0-25 26 12-58+0-11
4 Intact 19 - 13-00+0-09  0-50
Excised .24, 12-33+0-10 0-26

* Preceding cotyledon excision.

9601
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significant effect on the NF of plants which had already reached the node-12-13
stage of development (between 10 and 14 days after germination). Cotyledon removal
at 14 days was without effect on unvernalized plants, but an effect of marginal
significance (P = 0-05) was still apparent with vernalized plants. Removal of
cotyledons from growing plants before giving the vernalization treatment resulted in
greater advancement of NF than did post-vernalization excision.
The decreasing effect of vernalization on NF does not appear to be correlated
' to the change in rate of node formation of the plants during the vernalization period.
" For intact plants, the rates of node formation during vernalization at 6, 10, and
14 days after germination were nearly the same in all cases (approximately 0-5
nodes/week). When cotyledons were removed before vernalization, the number of
nodes formed per week in the embryos during vernalization increased sharply from
0-05at 6 days to 0-15 at 10 days and 0- 5 at 14 days, whereas the effect of vernalization
on NF in these groups of plants showed an almost linear decline.

In a further experiment, embryos were dissected from imbibed seeds which had
been vernalized for varying periods up to 4 weeks. Some of these embryos were then
given extended vernalization treatments, up to a total of 4 weeks, in isolation from
the cotyledon influence. This experiment also was conducted under long days only.
The results are shown in Table 3. The data show that 1 week of vernalization was
sufficient to obtain nearly maximum advancement of NF, provided the cotyledons
were excised before the plants were allowed to grow-under normal temperatures.
It did not matter whether cotyledons were present or not during the vernalization
interval. On the other hand, when cotyledons remained intact during the post-
vernalization period of growth, there was only progressive advancement of NF as the
vernalization treatment was extended to the full 4 weeks.

Two grafting experiments were conducted. In the first experiment, vernalized
and unvernalized scions of Greenfeast (GV and GU respectively) were grafted to both
vernalized and unvernalized Greenfeast stocks. The results are shown in Table 4.
For plants grown in a long photoperiod it is seen that grafting vernalized scions,
either GV/GU or GV/GV (scion/stock), promoted flowering at an earlier node than
did GV controls. The NF of these vernalized scions is-in fact comparable with that
resulting from the dual treatments of cotyledon removal plus seed vernalization
shown in Tables 1, 2, and 3. This is in sharp contrast to the performance of vernalized
scions in short days, where no effect of grafting was evident. Thus plants from each
of the treatments GV, GV/GU, and GV/GV have almost identical NF values.
Moreover, this value of NF (approximately 20 -5) is some 2 nodes higher than that for
vernalized, decotyledonized plants grown under short days (Table 1). Similarly, with
unvernalized scions (GU, GU/GU, and GU/GV), asignificant effect of grafting isevident
only when plants are grown under long-day conditions. Thus it would seem that the
effect of grafting in Greenfeast is nullified during the prolonged interval of vegetative
growth which precedes flower initiation in short days. '

In the second grafting experiment, an early flowering variety, Massey, was
used as stock. Grafts on Massey stocks grown under short days were not always
successful, and scion mortality was high. However, survival was satisfactory under

- long-day conditions. In all cases grafting to Massey stocks promoted flowering at an
earlier node than did comparable grafts to Greenfeast stocks. More significant

—
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perhaps is the observation that vernalized Greenfeast scions grafted to Massey stocks
flowered out of the same nodes as vernalized, decotyledonized plants (Table 1) in
both photoperiods, in marked contrast to the behaviour of GV/GU and GV/GV grafts.

TABLE 4
EFFECT OF VERNALIZATION, GRAFTING, AND PHOTOPERIOD ON NODE TO
FIRST FLOWER IN GREENFEAST (WINTER CROP)

Graft Type 8-hr Photoperiod 18-hr Phitopernod

: * r Al r . R Al
(sclon[stock) A NF nt NF nt
‘GU (control) " 23-3640-30 - 20 16-904+0-18 '~ 20
GV (control) 20-504-0-21 20 14-534+0-12 19
GU/GU , 23-1340-23 8 . 15-6040-21 18
GU/GV 22-7140-29 14 14-1740-19 18
GV/GU 20-67-0-20 18 12:7940-14 19
GV/GV 20-4240-20 24 12-9040-17 20
GU/MU 19-864+0-54 7 13-88-0-09 8
GU/MV 20-7140-47 7 ©13-3740-22 19
GV/MU 18-1040-52 10 - 12:6740-14 12
GV/MV 19-0040-68 7 12-6740-14 18

* G = Greenfeast; M = Massey; U = unvernalized; V = vernalized.
1t Number of plants scored.

IV. DiscussioN

" Most plants undergo a period of vegetative development before reaching the
ripeness-to-flower condition, whereupon they may produce reproductive structures.
The ripeness-to-flower condition is probably an absolute expression of a plant’s
genetic constitution, but the subsequent realization of this genetic potential miay
require an appropriate combination of environmental conditions. There is good
evidence in thése present experiments that in Greenfeast peas the minimum node at
which the initiation of flower primordia may occur is about node 12. (We have scored
only a very small number of NF-11 plants, less than-59%, of the total, following
treatments which promote the maximum advancement of NF.) .Since theré are
usually 6 nodes already present in the dormant embryo, then the attainment of the
minimum node number for flower initiation (which may well coincide with ripeness-
to-flower for this plant) involves vegetative development of & further 6 nodes after
the commencement of germination. However, under normal growing cénditions the
observed NF for this plant’'is delayed beyond node 12. Quantitative reduction of
this delay may be brought about by treatments such as cotyledon removal, vernali-
zation, or long photoperiod given independently or in combination.

‘Other workers (Paton and Barber 1955; Barber 1959; Paton 1969) have
proposed that this delay to flower initiation can be largely explained in terms of a
graft-transmissible inhibitor produced in the cotyledons of Greenfeast (and probably
other late-flowering varieties as well). The data in these present experiments is
consistent with this view that flowering in Greenfeast is regulated, at least in part,
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by an inhibitory effect of the cotyledon. Whether the cotyledon effect is due to the
presence of an inhibitor (i.e. colysanthin; Barber 1959), or to the absence or retarded
formation of a florigenic substance (Haupt 1969) is not unequivocably determined,
but on the evidence available we favour the former view.

. Perhaps the best evidence that a colysanthin is directly involved comes from
the results of grafting experiments, summarized in Table 4. Thus, considering the
Greenfeast on Greenfeast grafts, it is significant that a discrete effect of grafting is
seen only under a long photoperiod, when the NF' of grafted scions is comparable to
that of decotyledonized plants. In contrast, the NF of scions in a short photoperiod
is the same as for intact plants. This difference in NF between comparable graft
treatments in different photoperiods may simply reflect the length of time that is
required to establish a functional graft union (presumably a phloem connection),
and permit transfer of colysanthin from the cotyledons of the stock to the scion.
Plants at grafting already contain 8 or 9 nodes, so that vernalized scions only need
to form 4 more before flower initiation occurs. Thus, in long photoperiods events in
the vernalized scion leading to flower initiation may well be completed before the
graft union is adequate for regular colysanthin transport, and hence colysanthin does
not attain its normal inhibitory threshhold. Similarly, with unvernalized scions under
long days, NF is always below that for the ungrafted control plants (first reported by
Paton and Barber 1955), suggesting that the graft union is still not fully functional
after about 6 or 7 nodes of growth, and the quantity of colysarithin reaching the
apex is insufficient to delay initiation to the normal extent as in the ungrafted controls.
In short days, 12 or more nodes of vegetative growth from the time of grafting
precede the formation of the first flower primordium. By this time it is most likely
that the graft union is fully established, and normal colysanthin transport has been
restored.

In contrast, by using stocks of the early lowering variety, Massey, a grafting
effect was apparent in both photoperiods, and the Greenfeast scions behaved in all
treatments simply as decotyledonized plants. The Massey stocks contributed no
effective inhibitor to the graft partner. @

Apart from the physiological property of causing delayed flower initiation there
is little additional evidence available concerning the nature of colysanthin. Paton
(1969) has commented that it has some properties characteristic of abscissic acid,
with possibly a variety of physiological effects. In these present experiments we
have shown a significant correlation between removal of colysanthin (by cotyledon
excision) and the effects of this treatment on flower initiation and rate of node
formation (Fig. 1), but the mechanism of this relationship is not at all clear.

In Barber’s hypothesis (1959), vernalization and long photoperiod both act in
a competitive fashion to destroy colysanthin. However, Johnston and Crowden
(1967) reported that photoperiod and cotyledon removal appeared to be additive in
. their effect, and Paton (1969) has recently shown physiological separation of the
photoperiod and vernalization effects. The degree of interaction of these three factors
in regulating NF in Greenfeast is shown in the variance analysis of the data in Table 1.
Thus the interaction between cotyledon removal and vernalization is highly significant
(P. < 0-001). However, the interaction of photoperiod with both cotyledon removal
and vernalization is comparatively weak (002 << P < 0-05 in each case), indicating
that photoperiod is relatively independent of these other treatments in its effects.
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Paton (1969) has proposed that in Greenfeast photoperiod has a quantitative
effect, which is directly concerned with the attainment of the minimum leaf require-
ment for flowering (i.e. induction), and the production within the leaves of an inductive
stimulus. This stimulus passes from the leaves to the stem apex where flower initiation
takes place. Vernalization, on the other hand, influences those reactions at the stem
apex which follow induction and culminate in the initiation of flower primordia (i.e.
evocation, Knox and Evans 1968). From Paton’s data (1969), the processes of
evocation occupy about 3 plastochron intervals, or less following seed vernalization
treatment. It can be estimated also that photoinduction is completed in Greenfeast
(under continuous light) by about node 13 or 14.

In these present experiments, it can be seen that treatments which promote
maximum advancement of NF, i.e. both vernalization and cotyledon removal, allow
flower initiation to occur as early as node 12 (mean 12-5) under an 18-hr photoperiod.
Thus, under these conditions at least, the inductive stimulus has reached its effective
threshhold by about the node-11-12 stage of development. In short photoperiods
(8 hr), this threshhold is not reached until about 18 nodes are produced (NF = 18- 57
for vernalized, decotyledonized plants; Table 1). This difference of 6 nodes is regarded
as an expression of the quantitative difference in photoperiodic induction. hetween
18- and 8-hr photoperibds for this variety. If it may be assumed that photoperiodic
induction occurs at the same minimum leaf number in intact as in decotyledonized
plants, then the duration of the evocation processes in this plant is extended from
3 plastochron intervals, as suggested by Paton’s data (1969), to about 5 (4-40in Py3
and 5-78 in Pg).

. Since flowering at node 12 has been observed in these present experiments, it
appears that, provided seed vernalization has been performed, the induced apex can
Hroceed immediately to floral initiation, in both photoperiods, and this will occur in
the absence of cotyledons. However, should cotyledons remain attached to the
growing plant after vernalization then flower initiation is delayed. The magnitude of
the delay is about 2 nodes in both photoperiods (2 nodes in Pig, and slightly less,
1-6 nodes, in Pg). If seed vernalization was not given, flower initiation is delaycd still
further, by some 2-5 nodes in P1g and about 4 nodes in Pg.

Both Barber (1959) and Paton (1969) have implied that the response to
vernalization can be interpreted in terms of a direct effect of vernalization on the
cotyledon inhibitor, either by destruction (Barber 1959) or by reduced synthesis
(Paton 1969). In contrast, the present experiments show that any effect of vernaliza-
tion on the cotyledon system is significantly less than the maximum vernalization
response that can be realized. Thus removal of cotyledons from vernalized plants,
e.g. Table 1, advanced NF by 4-5 nodes in P;3 and nearly 6 nodes in Pg compared
with the unvernalized controls. However, when the cotyledons were left attached to
vernalized plants, apparent vernalization responses of 2-5 and 4 nodes'in Pj3 and
Ps respectively were obtained. These differences in NF between intact and
decotyledonized plants after vernalization could result from colysanthin which had
moved into the shoot of the intact plant during the post-vernalization period of
growth. The quantitative nature of the colysanthin effect is shown (Table 1) by
removal of single cotyledons, when values of NF intermediate between intact and
fully decotyledonized plants were obtained. In Table 3, it is seen that the maximum
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vernalization effect wasachieved only if cotyledons were removed before post-vernali-
zation growth at normal temperature was allowed to take place. .

These results suggest that a major effect of vernalization is manifest directly
on the embryo itself. Since under normal growing conditions the NF of vernalized
plants with intact cotyledons does not regain the original value for unvernalized
controls, it seems that the embryo vernalization effect is not readily reversible, but -
that it may be partially obscured when cotyledons are left attached to the growing
plant after vernalization. Table 3 also shows that this effect of vernalization on the
embryo requires only a comparatively short-term exposure to low temperature in
order to yield maximum response.

There is no evidence in these present experiments to endorse Barber’s proposal
(1959) that vernalization leads to destruction of colysanthin at the plant apex. In all
experiments where both vernalization and cotyledon treatments have been investi-
gated simultaneously, it is evident that vernalization treatment was more effective
. in advancing NF than cotyledon removal alone (e.g. Table 1: (-5 nodes in Pjg,
0-02 <P < 0-05; 1-5nodes in Pg, P < 0:001). Thus if colysanthin is indeed the
substrate for the vernalization reaction, then it follows from Barber’s hypothesis that
the embryo of the imbibed seed already contains a significant quantity of the inhibitor.
However, experiments involving sequential cotyledon removal (Johnston and
Crowden 1967) and leaching (Sprent and Barber 1957) show that the removal of
colysanthin from the cotyledons does not start until about day 4 or 5after germination.

Further, it is clear that the period of active movement of colysanthin into the
shoot (up to about day 14-15) corresponds to the period of decreasing sensitivity of
the shoot to vernalization treatment (Table 2), and it may be argued that it is the
presence of colysanthinat the apex which decreases or masks the effect of vernalization
in young plants. In Table 2 it is also seen that cotyledon excision from growing plants
at 6, 10, and 14 days after germination, prior to a vernalization treatment, was more
effective in advancing NF' than post-vernalization excision. Whilstit can be expected
that some colysanthin had already entered the shoot during the period of germination
preceding the vernalization treatment, thus providing for the progressive delay to
NF in both groups of decotyledonized plants, it is apparent that, in the latter group,
inhibitor movement from the cotyledons continued throughout the vernalization
treatment, in company with the limited growth which took place during this period.
In each of the above cases, it is implied that colysanthin present at the apex survives
vernalization treatment and effectively reduces the vernalization response.

Although there isno evidence as to the precise nature of the apical vernalization
reaction it appears fairly certain that it does not involve colysanthin. Rather it seems
more logical to interpret the embryo response in terms of production of a positive
flowering stimulus. Since photoperiodic induction in Greenfeast is completed by
‘about node 12 (under long days), it is apparent that following seed vernalization
treatment this stimulus is stable for at least 5-6 plastochron intervals and even
longer (12 or more plastochron intervals) under an 8-hr photoperiod. It is apparent
from the data in Table 2 that vernalization does not have a significant effect on
apices which have passed the node-12 stage of development (between 10 and 14 days
after germination). This implies that vernalization has an effect on the embryo only
when given to plants before the time of photoperiodic induction. Thus it is possible
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that apical vernalization acts in some manner to predispose the young plant to
photoinductive processes, rather than be implicated at a later stage in the evocation
events, as Paton (1969) has suggested. On the other hand, colysanthin appears to be
more concerned with the post-inductive events, and may partially obscure the
vernalization response.

There are two lines of evidence which suggest that vernalization has a direct
effect on the cotyledon inhibitor system. The magnitude of this effect on the cotyledon
is appreciably less.than that on the embryo. Firstly, comparison of the values of
NF obtained: by grafting unvernalized scions to both vernalized and unvernalized
stocks (14-17 and 15-60 respectively in P;g) shows a significant difference of 1-43
nodes (P < 0-001). However, NF values for the corresponding grafts under short
days, although showing the same trend, are not significantly different. Secondly,
there is the observation of a progressive increase in the effect which vernalization has
on intact plants with lengthening exposure to cold treatment (Table 3)=~ This effect of
vernalization .on the cotyledon system may reflect either a steady, low-temperature
destruction of colysanthin (cf. Barber 1959), or more probably that there may be a
progressive repression of the capacity to synthesize the inhibitor (cf. Paton 1969).

In either case, the net result appears to be that before the inhibitor level can
be restored to the effective threshhold, the minimum level of growth is achieved by
the shoot for it to become photoinduced, and for flower initiation to be evoked.
Unlike the effect of vernalization in dissected embryos, vernalization of the cotyledon
system requires a long period of treatment (at least 4 weeks) in order to register the
full effect. An apparent reversal of vernalization in peas (devernalization) at high
growing temperatures has been reported (Highkin 1956; Barber 1959; Moore and
Bonde 1962). The mechanism of this effect is not known but it may well be explained
in terms of higher colysanthin synthesis at elevated temperatures.
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