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SUMMARY

THE PHYSIOLOGY. OF FLOWERING IW PISUM SATIVUM

(THE GARDEN PEA)

Late varieties of the gardenlpea are quantitavively loné doy photoe
periodically sensitive and can be vernslised (Barbér, 1959). This was
verified and the increased response to doy length and vernalisgbion in
the tall late variety Telephone over the dwarf late varviety Greenfeast
ves noted.

Late varieties of garden pea grown in the field flowered at o louck
ovevage node than was found with eny of the plants grown in grouth environ-
mental chambers and avtenpts were made to simulate under controlled con-
ditions the variations bebween plants groun in the field and plants grown
in growith cebinets. Loweving the intensity of lighi incident on plants
raduces plant height and dry weight but does not affect flovexing, High.
inﬁeusiﬁy blue light énd vérious ratvios of red to far red aupplemenﬁény
light were tested but these did not affect plant growth oxr flowering.

Vifforent growth medis (soil, peralite with nutricnt solution) and
the presence ox abeence of xoot nodwules vere tested and found to have no
effoct on grovth or flovering.

The effects of gibberellic acid on growth and flovering wore studied
and it was shovn thatv e nabural dwarf late varieby given the phenotype of
e %all vaxiety by applicaﬁions of gibberellic soid would respond to day-
longth ond vernalisetion in o similaer meaner to e natural tall late variety.
A general delay in flowering end fruit set in both netural tall and ngtural
dvarf varieties vas noted after applications of gibberellle scid and this

was noted o be more péonounoed under short dey growth conditions.



The offoots of the removal of cobyledons on grouth, development
and flowering of gexden pon plents wes gtudied and it vas shown that after
romoval of the cotyledons plant growih rate was reduced, internodes vere
shorvery; leaflets vexre smeller and plants flowversd carlier than control
plents which hed reteined thelr cotyledons, It was algo showm that the
reduced vegotative growith rate comitinued throughout the entire life of
the plant provided that the cotyledons were removed before 240 hours after
planting, end that plants without cotyledons flovered at & lower average
1gde than controls provided that the colyledons were removed within
120 hours of planting.

Various compounds (gibberellic acid, sucrose, kinetin, indolyl acetic
pold and pea cotyledon extracts) were applied to decotylised plants in
attempts to restore vogetative vigour and normal flovering pattern.

All compounds feiled completely ‘to restore the vegetative vigour and normol
flovering pattern of the controle.

Parts of the coiyledon complement were removed and the effects on
grovth and flowering were recorded. One quarter of the cotyledon comple=-
ment wvas shown to be adequate to allow plants to flower normally and one
complete cotyledon wes sufficient to allow for normal growth.

It was shown that deco%jlised plants could be vexnaliscd and thet
the cotyledons axe not the site of perception of the cold stimulus of a

period of vernalisation.
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I, INTRODUCTION

The modern study of the flowering process was initiated in
1920 when W,W, Garner and H,A, Allard, working at the U.S, Deparitment
of Agriculture Plant Industry Station at Beltsville, Maryland, dis-
covered that flowering in many plants was an environmentally con-
ditioned response, Garner and Allard worked with tobacco and soybean,
one variety of each, and in the years prior to 1920 studied the effects
of light intensity, temperature and available soil moisture on the
flowering behaviour of these species, No definite effects on the
flowering pattern could be detected and, as Salisbury (1963) tells us,
they finally and almost reluctantly tested the effects of day-length.
In the two species being studied it was discovered that flowering
occurred when days were shortened and that this was independent of
other environmental factors provided that these were not too hot, too
dry or too shady for survival,

Other species were examined and days were shortened by placing
plants in light proof cabinets or lengthened by the use of artificial
light, opecies were found which behaved similarly to those initially
tested and also other species were found which would flower only under
long day conditions.'

From this work Garmer and Allard classified flowering plants into

three main groups.



(1) Those plants which flower after a period of growth in short
days the so designated short-day plants;

(2) those plants which flower after a period of growth under long-
day conditions the so designated long-day plants, and

(3) +those plants whose flowering behaviour is not influenced by

day-length and which are termed day-neutral plants.

It is now know that this scheme is not as straightforward as stated
above and that many complexities arise in both the long and short-day
plants, some of which will be discussed later, but thé gimplifying
beauty of these discoveries still remains as the basis for the classi-
fication of plants with regard to their response to the length of day
in which the plants are growing.

To this phenomenon Garner and Allard gave the name of 'photoperiodism’
which is now a well known and accepted term although later work showed
that in many cases the length of the night and not the length of the day
was the critical factor (Hamner and Bonner, 1938), Perhaps the most
striking feature of the phenomenon of photoperiodism lies in the fact
that it is a system in which plants measure time. This is all the more
striking when it is considered that, in most cases, the same critical
light or dark period is required over a wide range of temperatures, A
-eritical day or night period can easily be thought of as the time
required for the completion of a chemical reaction but that this should
be independent of temperature is not easy to understand. The site of

percepiion of a particular photoperiod is accepted as being the leaf



of the plant, Exposure of a single leaf of the very sensitive quali-
tative long day plant 'Dill' to a series of inductive photoperiods will
cause the plant to flower even although the rest of the plant is kept

under short days which prevent flowering (Hamner and Naylor, 1939),

In the late 19th and early 20th centuries farmers in America noticed
that winter wheats which usually flower in the spring, having been
planted the previous autumn, will flower, if the seeds are planted in
the spring, provided that the moist seeds have been exposed to low tem-
peratures for a few weeks, This flowering response was extensively
studied in Furope and Russia in the yeaws following 1920 and a great
amount of descriptive information and confusing terminology was amassed,
The one term generally accepted is that of 'vernalisation'. Amongst
the early pioneers in the study of vernalisation were Gassner, who
clearly stated his discoveries in 1910 and agsain in 1918 in connection
with flowering and cold treatment but whose results, unfortunately re-
mained incomplete due to his failure to detect the additional long-day
requirement in his species, and Lysenko whose first paper appeared in .
1928,

A plant is said to have responded to vernalisation if the cold
treatment elicits a positive response from the plant. Chouard (1960)
defined vernalisation as follows, "The acquisition or acceleration
of the ability to flower by a chilling treatment," |

The two main environmental factors which affect flowering in many




plent species have now been briefly discussed and it is, perhaps,
relevant at this time to consider some of aforementioned complexities
which are encountered, As this introduction progresses more and more
of the difficulties which face the plant physiclogist working on flower-
ing will be mentioned and a number of references will bé made to con-
flicting reports in the literature but it may suffice, at the moment,

to introduce some of the problems and to introduce the plant species
used in this work,

Although accepting the basic classification of flowering plants
into the three main groups it may be true to say that no two species
will be found to operate exactly alike. For that matter, it is a
common thing to find differences in flowering response between varieties
within a species or even between individuals within a variety.

In each of the two main groups, namely the short-day (long night)
plants and the long day (short night) plants a further division is
immediately necessary into those plants which show a qualitative response
to the day length and those plants which show a quantitative response,
In the case of the fqualitative' plants the requirement for a specific
day length is absolute. This means that if these plants are denied a
certain critical day length they will remain purely vegetative, On the
other hand the ‘quantitative' group of plants do not have a specific day
length requirement but will, according to the species or to the variety
as the case may be, flower ‘earlier' if grown under short-day conditions

or long day conditions. The plants in this group will flower eventually

4,



and entirely independently of the day length but will flower 'earliexr!
under increasing longer or shorter days according to whether the plants
are quantitative long day or short day plants, Data on flowering
collected from such plants will not be a measure of flowering versus

no flowering but will be a comparative measurement of the time in the
life of the plant at which flowering commences under different environ-
mental conditions. At this juncture it is relevant to make one point
clear and that.is that when a reference is made to ‘'earlier' flowering
it refers not to earlier flowering with regard to the chronological age
of the plant but rather to its physiological age. That is the stage
of development reached, in the plant's life, when flowering first occurs
and in this case the measurement taken is the node of appearance of the
first flower,

The requirement for a period of cold tfegtment or vernalisation
can also be quantitative or qualitative and can be the only environ-
mental condition affecting the flowering behaviour or can be a factor
controlling flowering in conjunction with a day length requirement,

A number of plant species, as already mentioned, show highly com-

plex reactions in flowering pattern and amongst these are such plants

as Morning Glory (Ipomea purpuresa) which is a short-day plant at high
growth temperature and a long-day plant at low growth temperature and

Winter rye (Secale cereale) which is a quantitative short-long-day

plant; short-day effect replaced by low temperature and with no direct

temperature effect (Purvis, 1940),




In recent years a number of review articles and books have
appeared which cover extensively the study into the flowering process
and for further historical background to the subject and general
information the undernoted publications can be consulted.

Allsopp (1964); Chouard (1960); Doorenbos and Wellensiek

(1959); Marneek and Whyte (1948); Salisbury (1961) and

(1963); Searle (1965) and others. '

Frequent reference will be made to work on flowering in peas and
other species but this will be restricted to work which is pertinent to
the present study or is in some way related to the aspects of flowéring
being considered in the present work, The volume of literature, in
general, on the subject is such that space will not permit of more in

the way of general discussion,

The many varieties of the garden pea can firstly be divided into
two main groups based on the plant's flowering response to day length
and temperature and each of these érouys can be further divided on the
basis of plant height into tall varieties and dwaxrf varieties. One
of the main groups of peas are the ‘early' varieties which, as mentioned
above, can be divided into 'talls' or 'dwarfs', These varieties,
flowering at the 9th or 10th node, with virtually no exception, fall
into the class of 'day neutral plants’', Day length has no effect on
the time at which these varieties flower and a period of cold treatment

does not result in earlier flowering,



The other main group of varieties into which P, sativum can be

divided are all quantitative long day plants and are termed the 'late
varieties!, These varieties flower over a wide range of nodes with
the first flower appearing between the 14th and %0th nodes, or even
higher, according to the environmental conditions under which the plants
have been grown. These varieties also show a quantitative response to
vernalisation and none of this group have been found which do not show
a positive response in flowering behaviour to both long days and to
vernalisation (Barber, 1959).

A great amount of research into flowering has been carried out

using Pisum sativum and the selection of the garden pea as experimental

material is probably, almost entirely, due to the fact that the pea is

a self pollinating species and the establishment of pure lines is there-
fore easily achieved; the result of which is a usually highly uniform
population under any particular set of environmental conditions (went,
1957). This wniformity is all the more important since the data,
recording fiowering in these late varieties, is quantitative and not
qualitative and in many cases yaries little between treatments,

Frequent mention is made of the early varieties of pea but the
main interest throughout has been centered round the late varieties
where changes in the environment or other treatments can bring about
congiderable variations in the plants flowering behaviour,

The late varieties of the garden pea are, therefore, quantitatively

vernalisable and also quantitatively photoperiodically sensitive,

Te



Plant physiologists workiﬁg with material which shows these responses
have postulated a system of 'phasic development', Klebs was the

first to consider pharic development, Tt was later expressed in its
crudest form by Lysenko (Whyte, 1948) and has been developed particularly
by Gregoxry (1948), working on cereals, and by Melchers and Lang (1948),
using Hyoscyamus, The concept is that a period of growth at low temper=
ature (vernalisation), at the seedling stage or later, is necessary to
provide the substrate, vernalin, from which the f{lowering hormone,
florigen, is formed under the correct photoperiod./' Barber (1959) post-
ulates that flowering is not brought about by the production of stimu-
latory compounds but rather by the destruction of compounds which are
inhibitory to flowering. Barber svggests tﬁat the proposed sites of
production of floral initiating substances, the leaves or plant apex,

are in fact sinks for the destruction of floral inhibitors. To these
compounds Barber gives the name of 'colysanthins'.

A number of workexs do not support this theory of phasic develop-
ment and propose a form of competitive system, Aitken (1955) working
with subterranean clover and Thompson (1953) working with radishes,
cabbages and other horticultural crops support this hypothesis, These
workers recognise a competition between cold requirement and day 1ength,
with prior vernalisation reducing the photoperiodic response.

There is insufficient evidence to unequivocally support either
hypothesis and it may well be that both competitive and phasic systems

can and do operate in different species,




9.

As already mentioned, the later varieties of the garden pea will
flover without having received either a cold {reatment or long days
tut one or other of these treatments will, amongst other things,
lower the node of appearance of the first flower, If both long days .
and a cold_treatment are given the node of appearance of the first
flowexr is iower than when only one treatment is given although the
effects are not additive (Barber, 1959),

Moore and Bonde (1962) working with the variety Dwarf Telephone
have described the effects of vernalisstion. They found that after
a cold treatment flowering commenced at (a) a lower node, (b) after
fewer days, and (¢) at a reduced plant height.

Moore and Bonde also found that embryo'extracts of 28 day old pea
plants when applied to other plants of the Dwarf Telephone variety
would significantly lower the average node to the first flower, On
the other hand extracts produced from the cotyledons ﬁelayed flowering
by a significant number of nodes., Barlier work by Highkin (1955)
showed similar results and he postulated that the diffusate, obtained
from soaking pea seeds in water, at low temperature, contained an
active fraction capable of replacing vernalisation. Seeds, to be grown,
were soaked for 10 hours in the diffusate and were then grown at 20°¢
during the day and 1700 during the night, The reduction in the node
to the appearance of the first flower is similar to that found after
plants have been given & cold treatment, The diffusates were applied

to Avens sections but no elongation was recorded and Highkin concluded



thaﬁ the active fraction was not an auxin but might be a flowering
hormone or its precuréor.

Removal of the cotyledons at an early stage in the life of a
pea plant significantly lowers the average node to the appearance of
the first flower (Spremt, 1965), Highkin suggests a flower promoting
substance which is destroyed by high ‘temperature, Miss Sprent sug-
gests the presence of an inhibitor of flowering in the cotyledons,

Since the effect of removal of the cotyledons is to reduce the number -
of nodes to the appearance of the first flower by a number similar to
that found after pea plants have been vermalised it might be suggested
.that an inhibitor of flowering is preseﬁt in the cotyledons which is
transported out under high temperature condifions and under low tem-
perature conditions is, in the early stages of growth, slowly destroyed,
in situ, in the cotyledonh. Conversely it could be that the cotyledons
act as a sink for a stimulatory compound or compounds produced in
another part of the plant. Similarly, of course, Highkin's results
could be explained by the theory that an inhibitory substance is present
in the cotyledons which is not mobilised under the low temperature con-
ditions of the period of vermalisation,

In general it is accepted that fhe site of perception of the cold
'stimulus’ is the apex of the plent., However, in the work carried out
by Miss Sprent there is a suggestion, without much experimental evidence
to suppoxrt it, that the site of perception of the cold treatment in the

garden pea is, in fact, the cotyledons, Wellensiek (1955) reported

that the cotyledons of Streptocorpus could be vernalised and later (1961)



found that detached leaves of Iunaria biennis could be vernalised

without buds. In subsequent work he was able to show that the leaves
had regenerating tissue at their bases and the suggestion was then put
forward that, although an actual meristem was not required, dividing
cells were necessary, Salisbury reports that the response of seeds
below 0°C suggests, however, that dividing cells are not essential,

Moore (1964) tested the effect on flowvering, in five varieties of
pea, of removal of the cotyledons, In the two late varieties Dwarf
Telephone and Unica flowering occurred 2-3 nodes lower, In Tall
Telephone there was no significant difference and in the early varieties
. Massey and Alaska flowering was delayed by 1 or 2 nodes,

Moore also noted that the flowering patiern varied with the light
intensity. in decotylised and control plants the number of nodes to
the first flower is directly proportional to the light intensity.

Ryle (1967) working with Lolium perenmne and Festucs pratensis found

similar effects, He repoxrted that apical growth was slower, and
spikelet initiation and inflorescence development were delayed or in-
hibited in decreased light intensities, This work introduces the
possibility of flowering being a nutritionally controlled phenomenon

or perhaps at least partially controlled by the nmutritional health of
the plant, (Klebs was a strong proponent of the nutrition theory).

The hypothesis was put foxrward that, in some species, plants\yhen grown
under inductive photoperiods would s8till only flower provided that their

net assimilation rates were above some threshold level,



12,

~ To return again to the question of vernalisation, it has been

reported that de~vernalisation can occur if plants are subjected to
high temperature treatments (39°C for 18-24 hours) immediately follow-
ing the low temperature or vernalisation pexriod, (Gregory and Purvis,
1957). |

Leopold and Guernsey (1954) found several compounds active in
bringing about earlier flowering, To these compounds they gave the
name of 'chemical vernalisation agents', Amongst the active compounds
are auxins, auxin synergisis and thiamine, The effect on flowering
of these substances can be reversed by high temperature, nitrogen
atmosphere and 002 free atmosphere, Gregory and Purvis found that
these same treatments, following natural vernalisation, can reverse the
effect of the cold treatment, : ‘

Highkin and Lang (1966) reported that the final height of garden
pea plants, the number of pods per plant and the number of seeds per
pod in addition to the node to the appearance of the first flower could
be affected by a cold treatment. In the same paper, it was also re-
ported that some early varieties react to a cold treatment. Vérnalis;
ation of the variety L.5. results in a delay in flowering, i.e. the
first flower appearing at a higher node, and vernalisation of the
variety Alaskapromotes flowering although Barber (1959) states that
vernalisation of this_lafter variety significantly delays flowering.
Experimental work later in the thesis will consider this anomoly.

'Ripeness to flower!' (Klebs, 1918) is a concept which should be

considered both in relation to vernalisation and to photoperiodism,




Most plants which respond to a cold treatment or to a particular

day length require to have reached a certain stage of maturity before
these environmental conditions will elicit their response. In.some
species, however, a cold treatment or a particular day-length elicits
a response at a very early stage in the life of the plant although,
in some cases, the effect is not manifest for sbme considerable time,
The vernalisation requiring cereals will respond to a cold treatment
even before the embryo has reached maturity in the developing seed on

the mother plant (Gregory and Purvis, 1936).  Chenopodium rubrum will

respond to short days and will flower as a seedling on moist filter
paper with only the cotyledons and the infloresence present (Cumming,

1959), In general this response at a very early stage is the exception

and more typical is, for example, biennial Hyoscyamus niger which must
be 10-30 days old befofe it becomes sensitive to vernalisation (Melchers
and Lang, 1948) or as may be the case with some bamboos which are 30-50
years old before they flower, flower once and then die, In this latter
case, presumably, the environmental stimulus to flower, if one is re-
quired, is received each year, but the ‘'machinery’ to respond to it is
not developgd until the plant has reached ‘ripeness to flower',

Late varieties of peas can be vernalised at the seedling stage

13.

(Highkin 1959; Moore and Bonde 1962; Sprent 1965) and will also respond

. to a period of cold treatment by initiating flowers earlier, at later
stages in the life of the plant. The temperature range which most

workers have used. is 8°C - 10°C although the actual total spread of

temperatures which can be regarded as vernalising temperatures is about |



14,

0°C - 14°C or in some cases below 0°C (Purvis and Hansell, 1961),
Over, at least, part of the range of vernalising temperatures the
maximum effect is obtained by a higher vernalising temperature for

a shorter time or a lower vernalising temperature for a longer period
(Bvans, 1962).

'Usually treatment durations longer than the 'optimum' ( a parti-
cular temperature for a particular time according to the species) have
the same éffect as the optimum but in a few cases a slight reduction
in the response has been found. This has been called ‘'oververnalisation',

In many cases there is a marked interaction between cold treatments
- and day length, Short days will essentially replace the effects of
cold in rye and in rye the response even then is not absolute since the

rye will ultimately flower without any treatment, In Campanule medium

the response is sbsolute with short days and low temperatures being
completely interchangeable. If Campanula plants are grown in their
early stages undexr short days and are later exposed to long days the
plants shoot and flower without ever having received a cold treatment.
This property may be called "Wellensiek's phenomenon" (we11ensiek, 1953).
Either one or the other is required for flowers to be initiated, In
the late varieties of the garden pea, a cold treatment and in this case
long déjs are not interchangeable nor is the response absolute, A
cold treatment, to a degree, can substitute for long days but does not
on its own bring about such early flowering as do 1long days. A com-
bination of both treatments, as already méntioned, further reduces the

node to the appearance of the first flower, Barber in his work in the



yvears up to 1959 showed this for a number of varieties, In the tall
late variety Telephone, under a photoperiod of 8 hours out of the
24 hours, a non vernalised plant will commence flowering, on average,
at the 29th node against a vernalised plant, under the same photoperiod
which will flower on average at the 21st node, Under & photoperiod of
24 hours, continuous light, the non vernalised plant will flower on
average at the 18th node against a vernalised plant which will flower
at the 16th node,

" The concept of a phasic development system, from the data avail-

able, would not appear to operate in the late varieties of Pisum sativum.

Granted, the garden pea will flower eventually without having received
any cold treatment and without having received any long days and this
may mean that it cannot be rightly assigned to a group of plants in
which 'phasic development' could operate but, even considering this,
it would appear that a type of competitive system better explains the
situation, A type of system where prior vernalisation reduces the,
requirement for long days, The hypothesis could be put forward that
rather than two different systems operating within the plant, one in |
response to a cold treatment and the other in response to day length
and both hypothetically acting on the flowering process, that both of
these ehvironmental factors act on the same system, albeit, perhaps, |
at different points in the system, the end product of which pathway is
a flowering hormone, the 'florigen' of Melchers and Lang (1948) or the

precursor or substrate from which the flowering hormone is produced.

1D



Many workers have studied the responses of the garden pea to
treatments with auxins, gibberellins and other substances. Brian
and Hemming (1955) studied the effects of gibberellic acid on the
shoot development of several dwarf varieties of pea., They found
that dwarf varieties, after treatment with gibberellic acid had
elongated internodes in subsequent growth, i.e, a variety with a
dwarf genotype being given the phenotype of a tall variety.

Lockhart and Gottschall (1961) found that by applying gibber-
ellic acid to P, sativum var. Alaska, apical senescence could be
dela&ed. Lockhart also reported that the removal of maturing
fruits in this variety and others delayed the senescence of the
plants, the application of gibberellic acid prevented or at least
delayed considerably the formation of fruits and Lockhart and
Gottschall proposed that the delay in senescence following treat-
ment with gibberellic acid was due to the gibberellin interfering
with fruit production, Phillips, Vlitos and Cutler (1960) re-
ported gibberellin like activity in substances extracted from Alaska
peas, |

Brian and Hemming (1958) reported that gibberellic acid does not
elicit any internode extension in peas if an auxin is not also present.

Kuraishi, Susumu and Muir (1963) put forward the hypothesis that
the accelerated growth noted in peas after treatment with gibberellic
acid is due to the gibberellic acid stimlating the pro&uctibn of |
auxin in the plant, The variety Little Marvel was used in this work.

Arney and Mancinelli (1966), working with Meteor peas, studied the



histological action of the gibberellins and were able to reportx

that the elongation of stems treated with gibberellic acid is mainly
due to enhanced mitotic divisions in both apical and other meristems
and also in internodal regions where cells have already become vacuo-
lated., The increases in length of stems due to the elongation of
individual cells is not ahdirect action of the gibberellic acid but

is due to increased levels of auxin following the gibberellic acid
treatment. Highkin's flower promoting diffusate, as mentioned earlier
in this introduction, was ineffective in an Avena section growth test
suggesting that the active substance or substances, in this case, were

not auxins. Aqueous extracts from the variety Telephone were found

to have either a promotive or inhibitory effect on flowering according

to from which part of the plant the extracts were obtained, (Moore and
Bonde, 1962)., As previously stated, a 28-day-old embryo extract |
caused treated plants to flower at a lower average node than controls
whereas a 28-day-old cotyledon extract significantly delayed flowering.
Kohler and Lang (1963%) were able to extract from immature limabean
seeds substances which would reduce the effects of gibberellic acid in
dwarf peas but wﬁich had no effect on the plants in the absence of
gibberellin, Similar substances were later found in pea sbedlings
and in hemp plants and in both of these plant species an inverse cor-
relation was found between growth rate and the amount of inhibitor
present., The effect of the inhibitor can be markedly reduced by
increasing the amount of gibberellic acid in the plant, )

Tall varieties of peas in both light and dark conditions have low
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levels of inhibitor, as is also found in dark grown dwarf varieties
where in fact the growth rate is very similar to that found in the
tall varieties, In the tall varieties the growth rate is much

the same in either light oxr daxk, Dwarf varieties in the light
have high levels of inhibitor, The suggestion is that in the
various varieties of pea in the light, an inhibitor is formed which
can be 'neutralised' by applied or endogenous gibberellic acid,
Kohlexr and Lang suggest thet a fine balance may exist between gib-
berellic acid and inhibifor.

Bonner (1949) and Bonner and Thurlow (1949) working with the
short~-day plant Xanthium noted that auxins (IAA and NAA) would sup-
press flowering in plants being given optimum photoinductive periods.
They also reported that this suppression by these auxins could be
reversed by treating the Xanthium plants with an auxin antagonist
(2,4-Dichloranisole) and that the auxin antagonist on its own would
hasten flowering provided that the plants were being grown in in-
ductive environmental conditions. These chemical treatments could,
therefore, be said to modify the environmental response of the plants
but per se were not responsible for the initiation or suppression of
the formation of flower primoxrdia.

Fisher and Loomis (1954) following the research of Bomner and
Thurlow noted also the antagonistic effect of auxins on flowering of

soybean, Fisher and Loomis quote work by Dostal and Hosek (1937)

18.

and Leopold and Thiman (1949) in which the delaying effects on flower-

ing of the application of auxins was reported, Fisher and Loomis



mention two auxin antsgonists or 'anti-auxins' (nicotine sulphate

or 2,3,5 tri-iodobenzoic acid). They postulate that the flowering
hormone may be an anti-auxin, To support this hypothesis, work by
Borthwick and Parker (193%8) should be considered where it was found
that oldexr, larger soybean plants flowered in photoperiods which

were too long to allow younger plants to flower, Fisher and Loomis
propose a scheme in which the flower promoting substance is produced
in older leaves as opposed to auxin which is produced in the meristem
and young expanding leaves, Naturally as the plant grows older the
ratio of old foliage toc young foliage will alter and the stage will;
finally be reached where the amount of 'florigen' to auxin will reach
a level which will allow flowers to be initiated provided that the
correct photoperiod is given., later treatment with low concentrations
of auxin promote flowering or increase the number of flowers and Fisher
and Loomis accept this as a reasonable phenomenon on the assumption
that the growth hormone is an anti-flowering hormone but, after the
initiation of flowers, is again required in the flowering process,
although only in low concentration, to support the essentially vege-
tative growth of the flower parts,

Two month old soybean plants flowered and produced apparently
normal) flowers under non-~photoinductive periods after the plants had.
been sprayed with a 2,000 ppm. solution of nicotine sulphate (Leopold
and Thimann; 1949). The hypothesis put forward in this case was that

the correct photoperiod is required to allow the older leaves to



produce the flower promoting hormone and that this daylength require-
ment can be overcome by spraying the plants with an auxin antagonist.,

Morphogenesis of the shoot, of which flowering is one aspect, has
been reviewed by Allsopp (1964) and by Sachs (1965) and cell differ-
entiation has been reviewed by Stange (1965).

Oota (1964) has discussed the role of RNA in florally differ-
entiating cells, Bonner and Salisbury (1960), Bonner and Zeevart
(1962) and Evans (1964) have established the requirement for active
nucleic acid synthesis in the flowering process. The blocking of

flowering in Pharbitis nil occurs simultaneously with the arrest of

DNA synthesis and active cell division in the bud (Zeevart, 1962).
A sharp rise in the mitotic index of the apex is associated with floral
induction in Xanthium (ThOmas, 1963), Gifford and Tepper (1962) have

shown that the RNA concentration of cells in the apex of Chenopodium

album increases rapidly soon after photoperiodic induction, Ross (1962)
attempted, using Xanthium buds, to find differences in RNA fractions in
vegetative and floriferous buds, These investigations failed to give
any results supporting the hypothesis but if the transition from a |
vegetative to a floriferous apex is the result of changes in the relative
proportions of the same enzyme systems rather than the synthesis of
totally new and different 'floral' proteins then such changes as do -
occur will not be detectable and no nucleic acid will be associated
uniquely with flowexring,

From the preceding discussion it has become evident that the flower-

ing process is highly complex and from the conflicting reports in the
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litgrature, of the varying effects of the environment and/or chemical
or hoxrmonal treatments on this process and on vegetative growth and
also the possible link between these two discrelie stages in the life
of the plants, it becomes clear that perhaps there does not exist one
answer to this problem which will cover the vast range of flowering
plant species,

Flowering is an expression of differentiation processes, the
initiation of which in many plants marks the transition from vege-
tative to reproductive growth, Within the range of plants which
flower under no particular environmental stimulus, the change from a )
‘vegetative to a floriferous mexristem is a process which is governed
from within the plant. In other plant species, however, the process
is regulated by transmissible stimuli generated by the environment
acting on parts of the plant, sometimes distant from the flowering
locus, "In either case a regulgtorg mechanism is implicit since all
cellular differentiation must be programmed in the plantes ontogenetic
development (Searle,.1965)."

Meristematic cells in the apex of the plant are continuously
embryonic in nature and possess the potentisl capabilities of any of
the plants specialised cells, Specific changes in gene function,
either stimulation of passive genes or selective inactivation of gene
repressors, results in the dramatic modification of the vegetative
apex that results in the production'of the plants reproductive struc-
tures, The ultimate flower promoting substance, the elusive 'florigen',

may be the same or basically the same for all fléwering plants but its |

21.
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ultimate production may result from widely varying processes in

different species or varieties.,
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IT. CULTURAL TECENIQUES AND GROWTH CONDITIONS

As standard practice throughout, excepting where otherwise stated,
all plants were grown in coarse Peralite in eithexr 3" green polythene
plant bags or in 5 x 5 Vacapots, i.e., 15 pots per tray with each pot
having the dimensions 2,1/2" x 2.1/2" x 2,1/2",

Plants were supplied with a modified Hoagland nutrient solution,
details of which are given on page 24, twice weekly and with water
only, if required, at other times.

Seeds were either planted directly into moist Peralite or if a
higher degree of standardisation of germination rate was required, the
seeds were soaked in distilled water at 20°C for ‘6 hours prior to
planting.

During all experiments employing varying daylength regimes the

very sensitive short-day plant Chenopodium amaranticolor was used as a

biological indicator of light failures and also of any leakage of light

into the growing area, C. amaranticolor is a qualitative short day
plant which will respond to a single photoinductive period by initiating
an infloresence, Two or three pots each containing some 6-10 plants
were grown along with the experimental plant material.

In each natural growing season, during the course of this work, seeds
of the four test varieties, listed below, were sown in the research
laboratory garden for the purpose of supplying stock seed for experis~

mental work. The experimental plants, therefore, at all times, were



Nutrient Solution
49% MgS0 47}120
20% KNO;'
14% 1(2_HP04, -
82% Ca(N05)24H20

Tron Solution

Trace

Flement Solution

Iron Solution

1 ml, per litre
2,5 ml, per litre
1 ml, per litre
1 ml, per litre
1 ml, per litre

2.5 ml, per litre

23.58. Sequestrene 138 Fe. per litre of solution.

Trace Element Solution

CusS0
et

MnSO
Vg

ZnS0
™4

H5BO5

'5HéO

HéMbO4-4H20

Grams per litre
in stock solution

0.0354
0.609
0.0974
1.269

0.0398
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grown from seed which was, at a maximum, iwelve months old. The pex-
centage germination remained constantly high and was never lower than 98%,
The following is a list of the four test varieties with their re-

spective specifications, as detailed in the introduction, for the various

varieties of the garden pea,

Flowering
Variety Growth Habit Pattern
Massey Dwarf Barly
Alaska Tall Early
Greenfeast Dwaxf Late
Telephone Tall Late

With few exceptions all experiments were carried out in controlled
environments using artificial light sources, The growth cabinets were
of various designs, details of which are given later. TUnless otherwise
stated the lighting in the cabinets was from fluorescent tubes, alter-
nating one white or daylight tube and one warm white tube, The lamps
were connécted through a timeswitch which could allow the selection of
any desired daylength. Some experiments, not detailed in the body of
the thesis, were conducted to find the best light source which the avail-
able facilities could supply. All white fluorescent tubes or all warm
white fluorescent tubes did not result in such vigorous growth or gener-
ally healthy plants as did the above mentioned pattern although the
flowering behaviour of the plants was not affected, Further consider-

- ations of light quantity and quality are to be found in Part IV. of

A

this work,
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In most cabinets the light intensity and in all cabinets the
temperature remained constant throughout the whole chamber, In some
cabinets, however, minor variations in light intensity could be detected,
In order to avoid the risk of measurable differences between ﬁlants being
wholely or partially attributable to these fluctuations in light intensity,
experimental material was initially randqmly distributed in the cabinet
and regular changes of position, thereafter, were carried out, This '
procedure was adopted as standard practice during all experiments in all
of the cabinets,

A total of seven growth environmental cabinets were used, Four
of these were divided into two separate light-proof compartments where
alterations in day length and light quality between the separate halves
could be achieved whilst maintaining the same temperature conditions through-
out the whole cabinet, The remaining three cabinets consisted of a single
growing compartment and had the advantage over the other cabinets of allow=-

ing the selection of different temperatures between day and night,

Cabinet T (A Type)

This growth room consists of two compartments, The light source
is as previously described, and consists of 4 ft, fluorescent tubes spaced
six inches apart, The heating and cooling systems operate through
matched thermostats and a control of temperature of ¥ 1°C of the desired
value can be maintained.,
“

Plants are grown on trays which can be raised or lowered, This

growth room shows the greatest fluctuation in light intensity of all of
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the chambers, Light intensities vary slightly in a horizontal plane
with‘the lower intensities near the walls of the room and vary markedly
in a vertical plane with much lower intensities near floor level, To
minimise the effects of these fluctuations the previously mentioned
precautions were taken during all experiments and also the levels of
the trays were regulérly altered such that all plants, whether tall or
dwarf or of different age, had tﬁeir apices at a common level about 15"
below the lamps, Supplementary illumination in one or other of the
compartments is supplied from a single 2 fi., daylight fluorescent tube

wired through s separate timeclock, Details concerning supplementary

illumination are given in Part III,

Cabinet II (B Type)

This cabinet again consists of two separate light proof compaxrt-
ments, The heating and cooling systems are wired through matched
thermostats and a high degree of temperature control can be maintained.
No fluctuations in temperature of more than O.SOC on either side of
the desired value were ever recorded excepting when attempts were made
to run the cabinet at temperatures much below ambient, i.e. in the
range 8°C - 12°%,

The complete interior walls of this cabinet are lined with Metalised
Melinex and no fluctuations in light intensity can be recorded in a hori-
" gontal plane and very.little variation in a vertical plane. Plant trays
in this cabinet are at a fixed level of 4'6" below the lamps which are

5 ft. 65W fluorescent tubes placed 3" apart. Supplementary illumination



is from a single 5 ft, 65W fluorescent tube, In some experiments
the supplementary illumination in these cabinets was from five 40W
incandescent light bulbs but these are specific cases and will be

detailed in the text at the relevant points in Part IV,

Cabinets IIT and IV (C Type)

These cabinets are of the same basic design as Cabinet II and
vary only in the details which are listed below,

The plant trays are lying 5 ft. below the lamp bank,

The fluorescent tubes are spaced 2"-3" apart and supplementary
illumination is from two 5 £t. daylight fluorescent tubes.

The degree of/?emperature control is 0.500 on either side of
the desired value,

In addition to the heating and cooling systems previously des-
cribed a spray humidifier is incorporated in the design. No high
degree of control of humidity is possible but the atmosphere is not
as drying as that fouﬁd in the cabinets so far described and results
in a reduction in the number of waterings which plants require each
week,

Cabinets I - IV were built in Glasgow and are situated in the

Botany Department and at the Garscube Research Laboratories.

Cabinets V, VI and VII (D Type)

These cabinets built to the specifications of the National
Institute of Agricultural Engineering by R.K. Saxton (Sax-Air) Ltd are

the mostv sophisticated in design and the least reliable in performance
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of apy of the cabinets used, A double bank of fluorescent tubes
gives high intensities of illumination in these cabinets,

The estimzted degree of control of temperature is I 0.1°C of
the desired value and of relative humidity ¥ 1%, In practice it was
found that little control of relative humidity could be maintained

and the control of temperature was seldom better that 2°C on either

gside of the selected value, Furthermore, the daily cycies of temper-.

ature were not consistent and in many cases fluctuations of 5°C_be~
tween the mean temperature value for one day and the next were not
uncommon,

Better degrees of control of temperature in these cabinets could
only be achieved if the.selected temperature was much above or much
below ambient.

These cabinets do not have a built in means of supplying supple=
mentary illumination for extending the day length with low intensity
light and although the walls are lined with Metalised Melinex fluctu-
ations in light inteﬁéity can be recorded on a horizontal plane with
the highest intensitiés in the centre of the cabinets,

In addition to the experiments carried out in the growth environ-
mental chambers some experiments were conducted under glass, using
natural light and were subject to daily temperature fluctuations,
These experiments and details of the growing conditions will be found
in the text dealing.with the particular experiments,

The duration of experiments varied but on average was 3~-5 weeks
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for the 'early' varieties and 10-12 weeks for the 'late' varieties,

In the garden pea, flowers are borne in the axils of the leaves,
From the very earliest stages of development floriferous and vegetative
axillary shoots are distinctly different and even if a flower abhorts
the pedicel which carried the inflorescence does not senesce and can
easily be used as an indicator that a flower was present at that node,

In all experiments the node number given as "the node of appear-
ance of the first flower" is the node at which the vexry first flower
occurred although this flower may have been incomplete and possibly
consisted of a calyx only,

In a number of cases the first flower was ineffective in setting
fruit and some experiments in addition to recording the node of appear-
ance of the first flower have recorded the node of appearance of the
first perfect flowexr, which is the first flower to be seen to be
morphologically complete, and also the node at which the first fruit
was produced,

The node at which the cotyledons are attached is always taken as
being node (0) zero, In all the varieties tested nodes one and two
support only scale leaves with node oneAusually Jjust below and node |,
two usually just above '‘ground level!, The first true leaf appears
at the third node and consists of a single pair of leaflets with or
without a single terminal tendril, Leaves formed later can consist
of up to three pairs of leaflets with one or two pairs of tendrils and
a terminal tendril, In some cases & single leaflet of a pair may be

replaced by a tendril,
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Table I, Light Intensities and Temperature Control

Light Tntensity (cal,/cm.z/min.)

Cabinet Maxci ML Temperature
Type Control
A 8,10 x 1074 7,72 x 1074 * 494

B 147 x 1070 1,07 x 1072 £ 0.5%

C 2,36 x 1077 2,08 x 1077 * 0.5%

D 3,15 x 1077 2.79 x 1077 + 2% %
*

Also subject to daily fluctuations as described in

paragraph on D type cabinets,



3.

III; RESPONSES TO PHOTOPERIOD AND VERNALISATION

Most of the work on flowering and the effects which the growing
conditions have on the flowering process have been carried out using,
as test species, those plants which show qualitative responses to
changes in their environment., Relatively little, in comparison,
has ever been done with plants where the pattern of growth end physio-
logical behaviour, in response to alterations in the growing conditions,
has had to be measured solely on a quantitative basis,

When experiments are designed to test the effects of various
environments on the growth and development of plants, it becomes
immediately apparent that strict environmental control must be estab-
lished and maintained and that these conditions must be clearly defined
if experimental results are to be accepted and the work is to assist in
the understanding of the mechanisms involved in the changes which are
being measured., These controls are of importance when considering
qualitative changes but are of even greéter importance when gquantitative
changes comprise the only measurable factors,

Much of the work on flowering, in response, particularly, to day-
length, has been carried out under conditions which are highly unsatis-
factory, Many workers when studying the effects of various daylengths
on plant growth and development have subjected their plants at all
a

times to high intensities of illumination.

When a true study of day«length effects is the subject under
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investigation, plants should be grown in such a way that all plants,
in a 24 hour period, receive the same or as near as possible the same
total amount of inc;dent energy. This is achieved by growing all
plants under the'same number of houfs of high intensity illumination
and extending this, where required, by light of low intensity to give
a longer day, The low intensity light should be below that which
will allow for active photosynthesis. As already mentioned in Part II,
in the experiments, presently to be described, the supplementary
illumination for extending the day length was supplied from one or two
fluorescent tubes only, From the measures taken of dry weights of
_plants it will be seen that the total assimilation rates for planté
grown under short day and long dey conditions is the same,

Barber (1959) reported on the effects of different daylengths on
the flowering behaviour of several varieties of garden pea, Plants
of the variety Telephone were grown such that different groups received
8, 12, 16 and 24 hours illumination each day. The experiment was con-
ducted in.a glass house and the natural day length was extended using
high intensities of light from both fluorescent and incandescent 1ampé.
Plants grown under continuous light could have produced three timi§ 88
much photosynthate per day as plants grown under 8 hours of illumin-
ation, No dry weights were given and so it is not possible to say
whether or not the above hypothesis is correct, but it does leave a
doubt concexning the interpretation of the results, Barber presented

the results of his experiments as being the effect of daylength on

flowering but did not consider the possibility that the effects measured



might be due to differing nutritionsal states in the various gr&ups
of plants or perhaps a combinatibn of both,

It was though£ essential at the heginning of this work to design
and carry out-some experiments in which the possibility of various

interpretations of the results would be eliminated,

Experiment I, To test the effects of daylength on flowering

in the parden pea varieties Magsey and Greenfeast.

This experiment was conducted in cabinet I, All plants were
grown in Peralite in green polythene plant bags and were given nutrient
as described and also the roﬁtine maintenance as previously mentioned
for all plants grown in this cabinet.

Seeds were planted directly into the moist Peralite, The plant-
ing date was 3/11/64, hereafter referred to as day zero (0)., Three
seeds were planted per‘pot, later to be thinned to one plant per pot,
(In subsequent experiments this procedure was abandoned as it was found
that & sufficiently high percentage of seeds always germinated and that
the above method was, therefore, wasteful of time and materials, In
later experiments a few extra pots'were included in all sets as re-
placements),

The selected daylengths for this experiment were an 8 hour photo=-
period and a 16 hour photoperiod, later referred as SD (short day) and
LD (long day) respectively, The eight hours of supplementary
illumination to give a long day immediately followed the eight hour

period of high intensity light.
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After planting all pots were placed in their respective day
length conditions and for the duration of the experiment a constant
temperature of 2100 was maintained,

Table IT and Fig., I shows the growth of plants measured in centi=~
metres from the third node %o fhe apex, DMeasurements of height were
taken at weekly intervals throughout the duration of the experiment
commencing 14 days‘after planting.

Due to twisting in the stems of the plants it was not possible
to take height measurements after 49 days,

Throughout this section of the work comparison of the means was
carried out by the t' test method. A significant difference in
height was found between plants grown under long days and short days,
Measurements taken 35 days after planting are shown in Table II,

Table III shows the dry weights of the plants at the close of
the experiment, 65 days after planting,

Where a result was missing from the table this was given the
value of the mean and the degrees of freedom were reduced by one,
This procedure was adopted as standard practice throughout excepting
in a few cases which aré individually marked,

Although marked differences in dry weights within groups were
noted, there was no significant difference between long day and short
day groups of either of the two varieties under test,

“ Table IV gives information concerning the node of appearance of
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the first flower, the node of appearance of the first fruit and the total

number of nodes formed at the close of the experiment.



mable II.  Height of plants in cms. 35 days after plenting

Massey Greenfeast
Pot No. LD SD LD SD
1 20,0 [14.0 {20,5 |17.2
2 18.5 | 14.3 1 20.0 16.5
5 23,2 | 14.5 | 25.3 | 16.4
4 20,9 |13.3 |19.2 |15.8
5 19.9 | 15.8 | 21,0 | 16,2
6 13.5 | 17.5 | 23.0 | 17.4
7 13.0 15.9 21.2 14.0
8 14,9 | 16,3 | 21.1 | 17.5

9 16,2 14.5 19.3 16.5

10 15.8 16,0 1%,8 16.5

1 15.8 15,1 20,0 18,0

12 1 18,2 15.5 20,3 15.1

Mean 17,49 | 15.22 | 20.39 | 16,43

S.E. of Mean| *0.905| 10.336| *0.773| 0.34
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Table III, Dry weight of plants harvested at 65 days

grams[plant
Massey Greenfeast
Pot No. SD LD SD LD
1 0,36 | 0,29 0.90| 0.95
2 | 0.,41] 0.46] 0.81] 0.41
3 0.31] 1.20| 0.65{ 1.00
4 0.38| 0.70| 0.71| 0.70
5 0.30| 0.35| 0.70| 0,85
6 0.67| 0,30 0,55| 0,88
7 0.65| 0.24| 0.51| 0.75
8 0.61| 0.34| 0.99| 0.85
9 0.19| 0,38! 0.52| 0,61
10 0.44 | 0.43] 1.15| 0.75
11 0.50| 0.,28| 0.69| 0,66
12 0,55 | 0.59| 0.25] 0.65
Mean 0.45| 0.461 0,701 Q.75
S.E. of Mean | 0,14 | T0.24| *0.22]| t0.15
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The growth rate of plants rapidly decreases after the start of
fruit production and accounts for the variation in total number of
nodes formed between the LD and SD Greenfeast plants,

As in previous tables, excepting for table IV in the case of
column'2 of the short day Greenfeast, where a result was missing in
the figures obtained the mean figure for the particular set was given
and the degrees of freedom were reduced by one, The two results of
fruit set in the short day grown Greenfeast are the exception rather
than the rule ana therefore cannot be taken as reflecting the perform-
ance of the population,

From table IV it can be seen that daylength has no effect on the
first flowering node in the variety Massey and has only a slight al-
thbugh'significant effect in the late variety Greenfeast with the plants
grown under long days flowering on average approximately 0,9 nodes
earlier, Short days in the variety Greenfeast have, however, a marked.
delaying effect on the node at which the first fruitv is produced,

Table V shows the results of this experiment alongside the values
obtained by Barber, In Barber's experiments the plants were grown
a% approximately 21%¢ during the day and approximately 17°C during the
night and were subject to slight temperature fluctuations during the
day and the normal fluctuations experienced from day to day, In this
respect and also with respect to the previously mentioned light
quantities and qualities, the growing conditions used'by Barber varied

from those used in this experiment and may account for the variation



in the results, The fact that the named variety Greenfeast might

comprise two or more races with varying physiological behaviour cannot

be discounted.

Table V, Experiment I:- Average of 11 or 12 plants

Barbexri- Average of 6 plants
Exp. 1| Barber BExp. 1 | Barber
SD SD LD 1D
Massey 10 9.1 9.9 9.1 §
0 t0.11 *0.09 | *0,11 Y
Q %
£ 0
Greenfeast 23,08 29.4 21.27 22,6 i~
g
f0.29 | o2 | lo.2s | o3z | 8

The marked discrepancy appears in the late variety Greenfeast
under short day conditions where a difference of over seven nodes

between this work and the previous work can be seen,



Experiment II. To test the effects of daylength on flowering

in the tall garden pea varieties Alaska and Telephone

This experiment was also carried out in cabinet I and the con-
ditions were exactly the same as for the first experiment., Planting
date (day zero) was 15,1,65, Due to the height attained by tall
varieties and the difficulties involved in handling the material
without causing damage no measurements of height were made in this
experiment,

Table VI gives the measurements taken of the node of appearance
of the first flower, the node of appearance of the first fruit and
and the total number of nodes formed on the main axis,

The figures given in table VI for the total number of nodes
formed are recordings taken of the total number of nodes formed at
the fime-of senescence of the main axis, In the variety Alaska
senescence occurred at about the 35th day after planting and in the
variety Telephone at about the 90th day after planting, In both
varieties senescenoe‘of the growing region began shortly after the
formation of the first fruit,

In a number of plants; growth was continued by the outgrowth of
hitherto dormant axillary buds, These axillary shoots supported two
scale leaves beforé the formation of a true leaf at the third node,
In most cases the first flower on the axillary shoot occurred in the

axil of the first true leaf, This pattern of growth of axillary

‘shoots with a flower appearing in the axil of the first true leaf
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only occurred if the main axis had commenced flowering.

If the main

axis senesced before flowering commenced the first flower on the axil-

lary shoot appeared at & higher node,

Table VII

Average results of experiment II and results obtained

by Barber (1959)

Expt, II | Barber | Exp. II | Barber |
SD SD 1D LD
Alaska 9,83 10,1 9.58 | 10,0
To.n 70,12 T0.14 | To.12
Telephone 30,16 29 21,08 21.9
fo.60 | T0.33 | To.39 | lo.33

Experiment IIl:=-

Barber 1959:-

Average of 12 plants

Average of 6 plants or less

The values found in this experiment are not different from

Barber's results and from experiment II it can be seen that plants

of the late variety Telephone flower and set fruit significantly

earlier under long day growth conditions than under short day con=-

ditions,

The significant variation in the total number of nodes

formed between the LD and SD grown Telephone plants will be due to

Node to first

the senescence of the main axis commencing 2 - 4 nodes after the form=-

ation of the first fruit and the decreased growth rate occurring at

“\

the time of fruit set,

flower

38.
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Expériment ITII. To test the effects of daylength and vernalisation

on the garden pea varieties Massey and Greenfeast

This experiment was conducted in cabinet I and the cultural tech-
niques and general procedures were the same as, previously described,
for expexriments I and II,

In addition to the study of the effects of daylength on flowering,
plants, during the course of this experiment, were given periods of
cold treatment for either 10 days or 20 days at 10°C.

All seeds were planted on the same day (25.4.65), hereafter
referred to as day zero, All geeds were soaked for six hours, After
this time any seeds which had not shown signs of having started to
imbibe were discarded, The 'viable' seeds were planted and the experi-
ment was divided into the groups which were to receive the various
treatments, Plants which were to receive no vernalisation treatment
were placed in their respective daylength conditions of either 8 hour
or 16 hour photoperiods, Plants to receive a cold treatmeht were
placed in 10°¢ incubators into which had been introduced small fluor-
escent lights, operated through timeclocks and therefore able to supply
the same photoperiods as the plants would later receive in the growth
cabinet,

The intensity of light in the incubators was, of necessity, of a
ITow intensity,

After the period of 10 or 20 days vernalisation the plants were



removed from the incubators and placed in their respective daylength
conditions in cabiné’r. I,

The chronological age of all plants throughout the experiment
was the same but their physiological age, as measured by their degree
of development, varied markedly, with the plants which had received
vernalisation tre;tments being physiologically younger than their
non~vernalised counterparts,

Chronological time in this experiment is therefore of little
significance,

Figure II shows the typical growth pattern of vernalised and non-
vernalised plants. No significant differences could be detected be-
tween plants grown iA long days and those grown in short days, with
regard to plant heights, over the period during which these measure~
ments were taken,

Table VIII gives the results of this experiment on node to first
flower and node to first fruit in the two varieties tested,

Table IX gives the average results of this experiment on node to
first flower compared with that found by Barber, In Barber's expefi-
ments the vernalisation treatment was for a three week period at 400
immediately following the soaking of the seed.

From the results shown in table VIII it can be seen that the late
variety Greenfeast shows a positive response to a period 5f cold treat-
ment by initiating flowers at a slightly lower average node, Also
from these results it can be seen that a period of cold treatment may

slightly delay flowering in the early variety Massey, and may also

40.
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Table VIII,

Node t0 appearance of first flower and node

of appearance of first fruit

Massey

Greenfeast

Long Day Short Day Long Day Shoxrt Day
Pot No,| UV | 10v | 20v |Uv | dov | 20v | uv | 1ov ]| 20v | ov | 10v | 20v
1 10 |10 |10 9 |10 |11 {21 {19 |20 |25 |23 |e2
2 10 (10 |12 [0 [10 (13 |22 |18 |19 |25 |23 |22
3 10 9 13 10 {10 |13 |21 120 |20 |25 |23 {21
4 10 |11 {11 o 10 (11 |20 |21 {19 |26 |22 |23 §
5 10 41 100 10 11 10 |20 G2t |19 4 |21 |22 8
6 9 |10 |15 10 |10 10 je1 19 |20 |23 |24 |22 w
7 10 {10 113 10 10 |11 19 |20 |20 |26 |21 |24 4
8 9 |10 {12 10 |11 |12 .22 |20 |21 (25 |21 |21
9 10 {10 {10 |10 {10 |10 {22 {21 |18 {25 |22 |22
10 10 |10 {11 |10 |10 |10 {20 |18 |20 (23 |23 |20
Mean 9.8 [10.1 [11.5 | 9.9 [10.2 [11.1 |20.8 |19.7 [19.6 |24.7 |22.3 |21.9
S.E, of | +o alt + + + + + + + + +
Mo *0.13|*0,18|%0.40(%0.09|*0,13|*0,38 |70,33| *0,37| *0.26|*0.33| *0.33| 0,35
1 13 |15 |15 (13 |16 (18 |21 |19 {20 |25 |23 |22
2 13 (14 |15 |17 |16 {19 |22 |18 |19 |27 |23 |22
3 12 {13 (16 |15 |16 |19 |24 |20 |20 |26 |24 |23
4 122 |13 |16 |15 |17 (17 |20 |21 |19 |26 |22 |23
5 1M 15 |14 |16 |15 |17 (20 |21 |20 |25 |22 |22 ;g
6 12 |14 |14 (15 [18 (19 {21 |20 |20 |24 |24 |22 |
7 13 114 115 {17 |17 {18 |20 |20 |20 |26 |21 |24 iﬁ
8 13 113 {13 (14 (17 |16 |22 |20 |21 |25 |22 |22
9 ) 13 15 15 14 19 17 22 21 19 25 22 22
10 12 |13 (14 |13 |18 |15 |20 |19 |20 |24 |23 |20
Mean | 12,4 |13.9 |14.7 [14.9 {16.9 [17.5 |20.9 |19.9 [19.8 [25.3 |22.6 |22.4
Sﬁf;n°f 10.221%0,27)%0,30| 10,46 10,18/ 10,43 |10,28| +0,46| +0,19|+0, 30| +0,30|+0,37

Where UV = non vernalised; 10V = vernalised 10 davs:

20V = vernalised 20 davs



Long

Short

Table IX,

Average results of Ixperiment III on node to first

flower and results obtained by Barber 1959

Day

Day

Massey

Greenfeast

Experiment III Barber Experiment III Barber
v 10V 20V uv 21V oV 10V 20V v 21V
9.8 | 10,1 | 11.5 9.1 9.8 | 20,8 | 19,7 | 19,6 | 22.6 | 18

*0.13| *0,18| *0.40| *0.11| *0.11| 0,33 | T0.37 | *0.26 | *0,32| *0.32
9.9 10,2 11,1 9.1 10 24,7 22,3 21,9 29.4 | 22
t0.9 | f0.13| fo.38| 0,11 f0.11| t0.33| *0.33 | T0.35| T0.32| t0.32
Experiment III:- Average of 10 plants
Barber 19593~ Average of 6 plants

Whe

re UV
10V
20V

21V

non vernalised

vernalised for 10 days

vernalised for 20 days

vernalised for 21 days




4,

delay the node at which the first fruit is produced.

The non~vernalised control plants show approximately the same
performance as the plants in Experiment I and show the same trend as
the results from Barber's experiment excepting in the case of the
short day Greenfeagt where the plants in this experiment again
flowered markedly ;arlier than was found by Barber,

Except for the case mentioned above the results of this experi-

ment do not significently vary from the previous work,



42,

Experiment IV, To test the effects of day-length and

vernalisation on the garden pea varieties

Alasgka and Telephone

This experiment was exactly the same as experiment III but using
two tall varieties of pea,

The experiment commenced on 17.6,65 but, as in experiment III,
the chronological age of the plants is of little significance due to
the difference in growth rate between plants at low temperature and
plants at high temperature in the early weeks of the experiment,

Table X shows the results obtained from this experiment on the
node of appearance of the first flower and node of appearance of the
first fruit.

Table XI compares the results of this experiment with the resuits
obtained by Barber in 1959,

From the results of this experiment it can be seen that a period
of cold treatment elicits a positive response in the variety Telephone
with vernalised plants grown under long day conditions flowering on
average 2 - 3 nodes earlier than non~-vernalised plants and vernalised
plants grown under short days flowering some 5 - 8 nodes earlier than
non-vernalised plants,

In the early variety Alaska there is a slight but significant
delay in flowering following & period of vernalisation,

\
The results of this experiment, as can be seen from Table XI, are

very close to those obtained by Barber and the control plants in this



Table X,

Node of appearance of first flower and node

-of appearance of first fruit

Alaska Telephone
Long Day Short Day Long Day Short Day
Pot No. | UV |10V | 20V | UV | 10V | 20V | OV | 10V | 20V | OV | 10V | 20V
1 10 (o P11 |9 [0 |11 19 |18 [18 [30 |33 |26
2 10 [0 11 100 fo 1 |2z |1 |17 {31 les |19
3 10 [0 P11 10 |10 |11 |22 {19 |18 |31 |27 |4
4 |10 1o |10 [10 [0 {11 |19 [18.8 (17 |28 |19 |21 &
5 10 [10 {11 |10 |10 |11 |21 |20 |19 |29 |23 |22 i%
6 10 10 |11 10 |9 |12 |22 |19 |20 |33 |22 |1 .
7 9 110 |11 1o 10 1 |20 |19 |17 |3 |21 |20 iﬁ
8 10 (10 |9 {10 [10 |10 |21 (18 |17 |30 |26 |23
9 10 10 (11 |9 1o |10 |19 |18 |17 |29 |23 |2
10 10 10 [11 {10 |10 |11 |20 |20 |18 |29 22 |2
Mean 9.9 [10.0 [10.7 | 9.8 | 9.9 |10.9 |20.6 |18.8 |17.8 |30.1 |24.5 |21.9
S8 T | t0,09]t0  |%0.21{%0.13|0,09|*0.18| 0.45|*0.25|*0.47| *0.46| #1.22| 20,64
1 13 (14 |16 |15 |14 |14 |20 |18 |18 |30 |34 |27
2 12 114 |14 |15 |14 |13 |23 |18 |18 |31 |25 |22
3 13,2 [14 |16 |16 |14 {14 |22 |20 |20 |31 |27 |24
4 13 13 13 14 13 15 19 19 17 29 19 21 o
5 4 (14 (15 16 |12 15 22 |20 (19 |29 |23 |22 ;g
6 12 12 |16 |16 |13 |13 |22 |20 |21 |33 je2 |21
7 13 115 14 |17 |15 |12 |20 (19 {18 |31 |27 |21 B
8 13 |14 |1 |12 |14 (16 |21 |16 |19 |30 |26 |e3 E
9 15 |14 |17 |12 |14 |13 |20 {18 |17 |29 |23 |22
10 14 15 |13 |13 |14 |13 |21 |20 |18 |30 |23 |21
Mean. | 13.2 [13.9 |14.8 |14.6 [13.7 [13.8 [21.0 |19.0 |18.5 | 30.3 |24.9 |22.4
Sﬁg;nOf T0.28/%0.27|%0.44| *0.56| 0,26 *0.38| $0.39| T0.45| T0.40| Y0.39| *1.28| *0.60

Where UV = non vernalised;

10V = vernalised 10 days;

20V = vernalised 20 days



Long

Short

- Where UV

10V

20V

C 2V

]

HH

non vernalised

vernalised for 10 days

vernalised for 20 days

vernalised for 21 days

TPable XI., Average results of Experiment IV on node to first
flower and results obtained by Barber 1959
Alaska Telephone
Experiment IV Barber Experiment IV Barber
v 10V 20V v 21V v 10V 20V ov 21V
9.9 | 10,0 | 10,7 | 10,1 | 10.3 | 20.6 |18.8 | 17.8 |21.9 | 18.7
b
A 10,09( *0 | *0.21] *0.12] 10,12 | #0.45 | 30,25 | 10.47 | #0.33| *0.33
9.8 9.9 | 10,9 | 10.2 | 10.1 30.1 24,5 [ 21,9 |29.0 | 21.4
o)
A .%0.13| 10,09] 10.18].%0,12| 10.12 | *0.46 | 21,22 | 10,64 | 10.33| +0,33
Experiment III:- Average of 10 plants
Barber 1959:~ Average of 6 plants




experiment give results which are not significantly different from
those obtained in Expeximent II,

The high degree of variability amongst plants of the variety
Telephone given the shorter éernalisation period and subsequently
grovwn in short days may be due to the period of vernalisation being
on some threshold level with individuals varying in their response
to the treatment.

The four experiments described in this section of the thesis
were the foundation for future experimentation and formed the basis
of the controls to be used in future work,

From the results obtained, it is possible to say, with certainty,
that, for the four varieties tested, late varieties of garden pea are -

(1) quantitatively long day photoperiodically sensitive;-

(2) respond to a period of vernalisation by initiating
flowers at a lower average node;

(3) under short day conditions, respond more markedly to &
ﬁeriod of vernalisation (from an analysis of variance
carried out on the date obtained and shown in Tables
VII and X);

(4) the tall variety responds more markedly to long days than
does the dwarf variety; and

(5) the tall variety responds more markedly to a period of
N vernalisation, particularly under short day conditions,

than does the dwarf variety;

and early varieties of gaxrden pea are -



(1) non-photoperiodically sensitive; and

(2) respond negatively to a period of vernalisation by

initiating flowers at a slightly higher average node,

A consideration of the node at which the first fruit is produced
indicates that this phenomenon is a varietal characteristic. Generally .
speaking, in the early varieties the first frult is produced from the
fourth or fifth flower irrespective of temperature or daylength, and
in the late varieties the first fruit is produced from the first
flower or the flower directly above, In the case of the variety
Greenfeast it would appear that fruit production is day-length sensi-
tive with short days considerably delaying the node at which the first
seed pod is produced, In the variety Telephone day-length has no
effect on fruit production relative to the point at which this occurs
after flowering has commenced,

In most respects the results obtained from these experiments do
not vary significantly from those obtained by previous workers and the
one marked variance, in the case of the dwarf, late variety, Greenfeast
may be simply that Barber failed to notice oxr record the‘small abhortive
inflorescences formed when these plants commence flowering under short-
day conditions,

All experiments were conducted under controlled conditions with
the environment clearly defined and easily reproducible, The true
effects of daylength and of vernalisation can be the only interpret-

ation of the results.



Iv, EFFECTS OF LIGHT QUANTITY AND QUALITY ON FLOWERING

In the course of casual observations made on the growth, develop-
ment and wltimate flowering of plants being grown in greenhouses or in
the open for the purposes of obtaining seed, it was noted that the
general vigour of the plants was better and in a number of cases the
nodé at which the first flower was produced was lower than was observed
in plants grown under approximately the same day-length conditions in
the growth chambers,

A number of different interpretations of these observations are
possible and it was decided to list the possibilifies and attempt to
test these singly or in desired combinations,

The first obvious factor is the intensity of light under natural
conditions compared with the light intensity found in the growth cabinets,
Tﬁe highest intensities of artificial light were to be found in the
cabinets of the D type. The light intensity in these cabinets was
approximately a quarter of that of an average sunny day and in the othef
cabinets was less, Although many plants are photosynthesising at their
maximum rate when the sunlight is only about one fifth of the maximum
intensity (Salisbury, 196%), it is necessary to consider the effect of
the intensity of light on flowering and the implication that a nutritional
factor is involved in this phenomenon,

The second consideration must be the spectral composition of day-

light compared with artificial light and possibly also the variation in

45.



the spectral composition of daylight at different times during the day,
The light from fluorescent tubes gives little in the red and far red

end of the spectrum and by far the most of the light is in the blue
wavelengths,

| The third factor to be considered is the natural daily fluctuations
in temperature, In the growth cabinets a constant temperaturé is main-
tained throughout both day (lights on) and night (lights off) whereas,
as a general rule, under natural conditions, higher temperatures are
found during the day and lower temperatures during the night,

The fouxrth and final difference between the plants grown for seed
and those used in the experiments described in Part IIT lies in the fact
that experimental plants were grown in Peralite and were given nutrient
solution while seed.plants were grown in soil, The plants grown in
soil became nodulated but the plants grown in Peralite produced no

nodules,
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Experiment V, To study the effects of light intenéity on_the

growth and flowering of the garden pea varieties

Massey, Alaska, Greenfeast and Telephone

This experiment was carried out in a cool greenhouse during the
summer of 1965. Ten plants of each variety were given each treatment
and the total experiment was repeated., No variations were detectable
between the two experiments and the tables of results are set down
showing the mean value of twenty plants per treatment,

Vernalisation treatments were also included in this experiment
and all seeds were initially planted in seed trays in Peralite aftexr
soaking in distilled water for six hours. Plants receiving cold treat-
ments were placed in cooled incubatoxrs at 10°C for three weeks. The
natural day length wés approximately 18 hours and fluorescent lights
were placed in the cooled incubators, as previously described, to give
an 18 hour photoperiod, At the close of the vernalisation period five
or six nodes had fully expanded, Plants receiving no cold treatment
were grown in the seed trays in Peralite in the greenhouse until five
nodes had fully expanded. At this stage these seedlings were planted
out into 10" whalehide pots, in soil, in the greenhouse with seven seed-
lings per pot later to be thinned to five plants per pot. The same
planting out procedure was carried out with the other plants when the
vernalisation treatment had been completed,

The various light intensities were achieved by surrounding the pots

with layers of white muslin, From measurements taken it was found that



the muslin decreased the total amount of light reaching the plants but
did not alter the composition of the light,

Vaxrying numbers of layers of muslin were placed round and over
the groups of plants to give the following proportional light intensities,
Control plants with no covering received 100% available illumination,
other groups received 50% and 25% of the total available light and heavily
shaded plants received only 10% of the total available light,

Temperature measurements inside the covers showed no variations
between the various treatments,

All_plants became nodulated, and plants with no covering grew
vigorously, Heavily shaded plants grew more slowly and almost all
deaths, amongst plants before flowering commenced, were in these groups,.

A total of 640 plants were incorporated in this experiment. Mo
significant differences were detectable within groups for node to
flowering., The Tables XII (a), (b), (c) and (d) give the average
results of the particular treatments,

A number of interesting observations can be made on these results,
The most striking observation is the reduction in dry weights of plants
under shade, Between 10% and 100% illumination a factor of approxi-
mately X 4 is measured excepting in the case of vernalised plants of the
two early varieties where the difference is less, In relation to their
overall final size, early varieties have large reserves of carbohydrate
im the cotyledons and this may account for results noted in vernalised

Massey and Alaska., One hypothesis might be that after or during

48,



Table -XITI,

Node of appearance of first flower, node of appearance

of first fruit and total dxry weight per plant of four

varieties of garden pea grown under four intensities

of illumination, with or without vernalisation

XI1I(a) Variety Massey
uv uv uv uv v v v v
10% 25% 50% 100% 10% 25% 50% |100%
First Flower | 10 9.9 9,8 9.9 10,88 11.25 1.5 | 11.17F
+0 +0.09 | 10,24 | 0,09 | 0.3 +0.33 +0.27|10.41
First Fruit - 18 16.8 14,2 12.5 11.63 11.5 [11.5
Dry Weight 0.86] 1.94 3,25 3,85 1.15 0.715 1.47| 1.8€
*0.,22| 10,21 10.38 10,34 10,19 10.27 10.44 (10,11
"Where V = vernmalised
] = non vernalised
and percentages indicate amount of total
available light incident on the plants.
XII(b) Variety Alaska
v UV uv uv v v v v
10% | 25% 50% 100% 102 255% 50% | 100%
First Flower 9.331 9.7 9.5 9.86 10,63 10,38 9,63 10,75
$0.33| *0.29 +0,3%4 +0.52 +0,26 +0,18| +0,26| +0,25
First Fruit 9.33 | 9.7 9.5 10,14 10,63 10,38 9.63}{ 10.75
+0,33%| £0.29 +0,34 +0.57 +0.26 +0,18 | +0,26| +0,25
Dry Weight 0.83| 1.00 1.21 3.35 0.69 0.82| 1,28 1,92




Table XII (contd)

XII(ec) Variety Greenfeast
v uv v uv v v v v
1056 | 25% 50% 100% 10% 25% 50% | 100
First Flower | 18,49 | 17.3 17.5 17.61 16,5 16.8% | 16,25 15,82
Y077 Y083 | 1.5 .11 | fo.19 t0.13 | *0.31| f0.28
First Fruit | 20,2 | 17.8 18.5 17.61 16,63 20 17.%6 | 15,87
+1.21] 20,74 | 0,71 1,11 | 0,64 +0,46 | +0,82| 0,26
Dry Weight 2,151 2,77 3.76 7.97 2.24 2,68 4,01 8,27
$0.40 | +0.25 +0,61 *0.47 10,72 0,50 | 0,93 | #0.74
XII(d) Variety Telephone
v v uv uv v v s v
10% | 25% 50% 100% 10% 25% 509% | 100%
First Flower : 15.75| 17 15 14.75 15.8 15 15.8 | 15.2F
*0.25| ¥0.37 | t0.36| to,25 | to.22 | Fo.42| Z0.29| fo.2t
First Fruit | 18.5 | 17.8 18.6 15.6 16,63 15.6 | 18.45]| 15.2°
+0.29| 10.70 *1.32 10.5 +0,58 T0.53 | *1.13| t0.2¢
Dry Weight 4.69| 4.401 5.92 | 15.59 3.2 4,091 6,83 12,3
¥0.18] 10,24 f0.22 10,48 ¥o0.27 10,30 | *0.54| fo.2¢




vernglisation food resexrves in the cotyledons are mobilised and are
available to the growing plant, The same may- be true for the late
varieties bui due to their considerably longer period of growth all
food reserves in the cotyledons are finally released to the plants
either with or without enhanced mobilisation due to vernalisation,

The node to the appearance of the first flower is unaffected by
shading or at best is very slightly delayed. The nodé of appearance
of the first fruit is slightly delayed in some varieties under shade
conditions, Significant differences in node to first flower and first
fruit could only be detected in a very few cases and was in all these
cases only slight, Considering the treatments overall it can be said
that shading does not affect the node at which the first flower appears
but may slightly deiay fruit production and that vernalisation, in the
late varieties, under long photoperiods has little or no effect,

Vernalisation elicits a slight response only in the late vériety
Greenfeast and has no significant effect in the variety Telephone but,

since long days and cold treatment are to a degree interchangeable,
under the long day conditions of growth during this experiment only a
slighf response to vernalisation would be expected,

A period of vernalisation slightly delays flowering in the two
early varieties, although in the variety Massey it would appear later
to enhance fruit production,

.. It is possible that the slight, but in this experiment not signifi-
cant, delay in flowering, due to shading,might be greater under shorter

photopexiods, The two late varieties Greenfeast and Telephone wexe
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used  in a similar experiment, but without the incorporation of a
vernalisation treatment, during the winter months of 1965-66, Few
plants survived to the flowering stage due to the low growth temper-
atures and shading but from the results obtained it was apparent that
by lowering the light intensities during shorter photoperiods the node
to the appearance of the first flower was not affected, Table XIII
shows the results of this experiment. Average resulté only are shown
and in most cases only four or five plants per treatment survived to
the flowering stage. |

Generally it can be accepted that shading does not affect the node
at which the first flower appears at least over the range of intensities
of illumination tested, The experimental plants in the long photo-
periods flowered early and the node of appearance of the first flower
in almost all cases was approximately the same as Barber had found under
a photoperiod of 24 hours. The one exception is in the case of the
non-vernalised plants of the variety Telephone where f{lowering commenced

2-% nodes earlier than was found by Barberx,

It has now been shown that light gquantity does not affect flowering.
The second factor to be examined is the quality differences between
daylight and the artificial light used in the growth cabinets, As
mentioned; the main differences lie in the increased red and far red
light in daylight compared with fluorescent light and in the high pro-
portion of light at the blue end of the spectrum in fluorescent light

compared with daylight, The two suggestions that could be put forward

50,



‘Table XIII., Node to the appearance of the first flowexr in two

late varieties of garden pea under four different

intensities of illumination

10% | 25% | 50% | 100% -

21.1 22.0 21.7 22,5
Greenfeast
0,87 | T0.75| M.67| *t1.09

2%.5 | 23.2 | 24.7 | 24.5

t1.22 ] 117 T0.T4| 1033

Telephone

The photoperiod was approximately nine hours,



are that red and far red light or both promote flowering or that blue
light delays flowering.,  Experiments carried out in the B and C type

cabinets were designed to test these hypotheses,
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Experiment VI, To study the effects of red and far red light

on flowering in garden peas.

The two late varieties Greenfeast and Telephone were used in this
experiment. All plants were grown in green polythene plant bags, in
Peralite, and were given the previously described routine maintenance.
The experiment was carried out in Cabinet II, Groups of plants were
also given the usual vernalisation treatment at 1000 for three weeks,
immediately following six hours socaking in distilled watex, The
temperature in the cabinet throughout this experiment was maintained
at 20.500. A repeat of this experiment also incorporated the appli-
cation of gibberellic acid to groups of plants from each of the other
treatments but this experiment will be described in detadil in Paxrt V.

Planting dates for plants to receive vernalisation and plants not
to receive vernalisation were staggered such that all plants were at
the same physiological age when the different light treatments were
commenced in the growth cabinet, During the period of vernalisation
plants were given an 8 hour photoperiod of low intensity light as pre-
viously described.,

In the growth cabinet all plants were given an 8 hour period daily
of high intensity illumination and a further 8 hours of supplementary
illumination, in which the ratio of red/far red varied. Three supple-
mentary light sources were used designated white, red and far red.

F&r each light source the ratio of red/far red light is given with

Table XIV, The results of the experiment are presented in a single
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table although the experiment comprised two sections, i.e, white and
red and red and far-red supplementary illumination, This system had
to be adopted since the cabinet consists of only two compartments.

The starting dates for the two sections of the experiment were
as‘follows.

White and red ~  12th September, 1965,
Red and far-red - 6th December, 1965,

No significant differences could he detected within groups and
the plants grown in red supplementary light behaved the same in both
sections of the experiment,

The supplementary illumination for white and red light was supplied
from a single fluorescent tube of the appropriate colour and for far-
red light was supplied from five tungsten bulbs, The tungsten bulbs
were wired through a variable resistance which allowed for the intensity
of illumination to be adjusted to the same total energy as from the
single fluorescent tube,

Table XIV shows the results of this experiment on node to first
flower, node to first fruit and dry weights. The figures given are
the average results of ten recordings, The ratios of red to far-red
light are also shown with Table XIV,

From the results shown in Table XIV it is evident that supplementary
light of the three types tested does not affect the node of appearance
of the first flower, Node of appearance of the first fruit and the
dry weights of plants also remain unaltered.

The possibilit& that high intensity light of these wavelengths may
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affect the flowering node cannot be overlooked but it was not possible
to test this experimeﬁtally.

Cn the assumption that increased levels of red and far red supple~
mentary illumination does not promote flowering in garden peas the
hypothesis could be put forward that the high proportion of blue light
from fluorescent tu%es has a delaying effect on floweriﬁg. An experi-

ment was designed in an attempt to test this hypothesis.
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Experiment VII, To study the effects of increased levels of high

intensity blue light on the node of apnearance of

the first flower in four varieties of garden pea.

This experiment was carried out in cabinets of the C type and plants
were grovn in 5 x 3 Vacapots, as described in Part II. The temperature
in the cabinets was maintained at 20°C. All plants wexre grown in a
photoperiod of 8 hours of high intensity illumination, In one com-
partment the fluorescent tubes were standard élternating white and warm
white and in the other compartment were alternating white and blue tubes,
The starting date of this experiment was 14th March, 1967.

Table XV shows tﬁe results of thié experiment on the node to first
flower and node to first fruit in the four test wvarieties of Pisum,
Average results of 20;25 plants are given,

From the results obtained it can be seen that there are no signifi-
cant differences between treatments, The results are, however, peculiar
in that they are indicative of long day conditions,  Although the photo-
period in the growith chamber was set at 8 hours it was noted that the

Chenopodium amaranticoloxr indicator plants did not flower, Careful

examination of the cabinets showed that there was a slight light leak
which could only just be detected with the human eye after a consider-
able time of exposure in the cabinet with the lights off. This

observation indicates that both Chenopodium amaranticolor and the two

late varieties of Pisum sativum are sensitive to very low intensities

of illumination. The day-length in the cabinets, during this experi-

ment, must, therefore, be regarded as a long day. These observations
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Table XV,

Node to. the appearance of the first flower and first

fruit in four varieties of garden pea grown under two

different light regimes

Massey Alaska Greenfeast Telephone

White! Blue | White| Blue | White | Blue | White | Blue
Node to 9-72 9054 9.87 9.78 22.16 22,55 22.14 22.87
First Flower| +5 43 | +0,14 | $0.14 [10.097 | $0.24 | %0.33 | 10.39 | *0.40
Node o 9.72 | 9.96| 9.87 | 9.78 | 24.41| 23.55| 22,78 | 23,75
FAESE BRI | 40,13 | 70,16 | 20,14 20,007 $0.51| 0,94 | *0.46 | *0.49




may indicate that only the low energy, phytochrome system influences'
the flowering pattern in peas and that the high energy system has no
effect, Mohr (1962) reported that for the high energy sysfem to
operate relatively high intensities of illumination were necessary for
relatively long periods of time, Experiments to test the wvalidity of
the above statement using varying daylengths of high intensity light

were not carried out,

Attempts were made to regulate the Saxil cabinets to give tempexr-
ature regimes in which day and night temperatures varied, The follow-
ing regimes were fixed,

1. 2000 constant

L1

2, 20°  Qay 15°C  night

20°C  night

W
—
U
Q
&

<

The object was to study the effects of fluctuating temperature on
flowering in the four test varieties of pea, The experiment was
run twice but repeated failures in the lighting, heating and cooling

systems of the cabinets invalidated all the results,
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Experiment VIII, To study the effects on flowering of growing

garden pea plants of the four test varieties in soil

and in the standard Peralite with nutrient and to study

the effect on flowering of the presence and absence

of root nodules

This experiment was conduﬁted undexr glass in a cool greenhouse
during the summer months of 1966, Plants of the four test varieties
were grown in 5" plastic pots in either soil, in which case all plants
became nodulated, or in Peralite, where normally no root nodules are
formed but where the formation of root nodules can be induced if the
plants are given an agueous blend of pea root nodules,

All plantsxwhich produced nodules did so at the same time,

Table XVI gives the average results of ten plants on the node to first
flower and first fruit. No significant differences within sets of
plants could be detected,

No significant differences could be detected between treatments
and it was concluded that the growing medium in all cases was adequate
for healthy growth, In the two late varieties the node of appearance
of the first flower was not different from the results obtained by
Barber (1959) when growing the same varieties under a photoperiod of
24 hours, The node of appearance of the first flower in the late
varieties was not as low as was noted in plants grown for seed purposes
in the open. A possible explanation may be that in the greenhouse the

temperature between day gnd night did not fluctuate as widely as in the

field,



Tabie XVI.,

Node to appearance of first flower and first fruit

in four varieties of garden pea grown in Peralite,

with or without root nodules, and in soil

Massey Alaska Greenfeast Telephone
First First First FMirst Pirst First Firsst FPirst
FMlower | Fruit Flower | Fruit Flower | Frui% Flower | Fruit
Soil 9.9 10,2 70 10 16.5 16,8 18.0 18,2
+0.09 F0.57 10 +0 +0,19 +0,21 +0.,71 +0,6¢
Peralite with 10 10 9.9 10 16,8 16,8 177 18,0
Nodules 0 +0 0,09 | fo $0.13 10,13 | *1.11 | *o.s
Peralite with- | ~°7 9.9 | 10 10 16,9 [ 17.1 | 18.2 | 18.2
out Nodules 0,09 | $0.09 | 10 +0 10,50 | #0.82 | 10,74 | 10.74
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The experiments included in this section were attempts to study .
the effects of different environments on flowering in peas and to
simulate the conditions which the plants experience in the field and
under which conditions flower earlier than so far noted in controlled
environments,

The results have failed to show any effects of growth medium,
intensity of light and quality of light within the limits tested but
have perhaps, to some extent, pointed towards the hypothesis put for-
ward earlier that fluctuating temperatures between day and night may

influence the flowering pattern in peas,
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V. GIBBERELLIC ACID AND FLOWERING

During the course of the preliminary experiments described in
detail in Part III of the present work it was repeatedly noted that
when considering the two late varieties of pea the tall variety
Telephone responded more markedly to variations in day length and to
vernalisation under short days than did the dwarf variety Greenfeast,
Such variations as were noted between the varieties might be varietal
characteristics and‘it may be that other late varieties whether tall
or dwarf might show similar performances to one or other éf our test
varieties, The readily discernable morphological difference between
our two late varieties is that Greenfeast is a 'dwarf' and Telephone
is a 'tall', As discussed in the introduction to this work varieties
of pea with a dwarf genotype can be given the phenotype of a tall variety
with the application of gibbexellic acid, A series of experiments was
planned to test the effects of gibberellic acid on both dwarf and tall
varieties of pea with regard to their performance in different day length
regimes, in différent light wavelength conditions and with and without
cold treaiments, The hypothesis put forward is that dwarf varieties
made tall with the application of gibberellic acid will show a similar
performance  in growth pattern and flowering behaviour to natural tall
varieties,

The waxy cuticle on pea plants makes the application of micro drops

on the surface or in the axils of leaves very difficult. The rate of



absorption through the leaf surface is slow and the air currents and
vibrations in the growth cabinets dislodge droplets. A simple and
effective technique of appiying the gibberellin was devised, The
technique involved the insertion into the stems of pea plants of drawn
glass capillaries.  After insertion the required amount of gibberellin
" could be put into the capillary using a Hamilton micro synringe. GA3
in aqueous solution was used in all experiments, The rate of uptake
from the capillary was rapid, some 10 pl, in 6-8 hours, during which
time there was little or no evaporation within the capillary and there-
fore all the applied gibberellin entexed the plant, This method of
application allowed for exact amounts to be administered and for exact
amounts to be taken up by the plénts. If repeated applications were
required over a number of weeks it was found necessary to insert new
capillaries about every two weeks due to callus tissue blocking the

end of the tube.
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Experiment IX. To study the effeéts on growth and flowering in

Greenfeast and Telephone varieties of garden pea of

applications of gibberellic acid undexr long day and

short day growth conditions

The complete experiment was run twice, No significant differ-
ence between experiments was detected and the results shown are the
combined results of both experiments énd represent the means of twenty
recordings for each treatment, The two planting dates were 1st
Novemﬁer, 1965 and 2nd February, 1966, Both experiments were carried
out in cabinet 'Af,

Seeds were planted, after six hours soaking in distilled water,
into moist Peralite in 3" green polythene plant bags. The plant pots
were then placed in their respective day length conditions of either
8 hour or 16 hour photoperiods, When the first true leaf had fully
expanded{glass capillaries were inserted into the stem of the seedling
in the axil of the uppermost scale leaf,

Control plants also had capillaries inserted and were later given
applications of distilled water, Insertion of glass capillaries has
no effect on plants of either of the two varieties,

Applications of gibberellin were commenced one day after insertion
of the capillary,. Three gibberellin treatments were given, i.e.
(1)\N0 Ga; (2) 1 pg. GA/week and (3) 10 pg. GAfweek, This range was

chosen as effectively~covering, according to Lockhart and Gottscholl-(1961),



the qptimum gibberellic acid concentration for pea stem elongation of
3 pg./plant/week. i.e. 3 pg. of gibberellic acid applied at weekly
intervals was sufficient to bring about the maximum possible internode
elongation, Higher amounts of applied gibberellin were ineffective
in bringing about further elongation.

No significant differences were detectable within the various
groups in this experiment.

_ Table XVII and Fig. III gives the mean height of plants 21 days
after planting, Height measurements could not be continued after
28 days due to twisting in the stems of some of the very tall plants,
Final height of gibberellin treated plants at the close of the experi-
ment was T-9 feet, -

In the dwarf variety Greenfeast the effects of gibberellin appli-
cation were visible within 36 hours, Leaves formed after the application
were lighter green, similar to the colour of the tall variety Telephone,
and internodes wexre much extended.

There were no significant differehces between long day and short
day grown plants in plant height at 21 days and no significant differ-
ences in the variety Telephone between the two levels of gibberellin
treatment although plants of the variety Telephone after gibberellin
treatment differed significantly from plants without applied gibberellic
acid, In the dwarf variety Greenfeast there were significant differ-
ences between 10 pg. and 1 pg. and 1 pg. and no gibberellic acid,

Growth rate as measured by the number of nodes formed showed no

significant differences beiween day length regimes, gibberellin treat-
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Table XVII.  Height of plants in centimeters from first true

leaf to apex 21 days after planting

Mean of twenty plants

Day . . S.E. of .
Var, Length G.A. |Height in cms, Meom
0 16.78 t o.86
EE)
+
+
:; §.§ 1 ug. 47,95 + 4,80
o | 7 110 pe. 60,83 £ 4,15
¢
s 0 16.88 o
Q
g P HE. 44,03 3,92
AT
10 us. - 63,11 T oa.76
42
@ H P 1 o . +
o HE, 72,22 T 4,72
Sih
< 10 g, 75.6 T 4,26
o
0 0 60,22 t 2,65
P §o§ 1 ue. 75.58 * 2,73
B
10 pg. 80,9 4,82
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ments or varieties when measured at any time before the start of flowerw

ing,

Table XVIII gives the mean values obtained on node to first flower

and first fruit in the two test varieties, Analysis of the results

" given in table XVIII shows the following:

(1) A significant delay in flowering and fruit set in short day

(3)

(4)

(5)

(6)

grown plants of both varieties after treatment with gibber-
ellic acid,

A significant delay in fruit set in long day grown plants
of both varieties after treatment with gibberellic acid,

No significant differences bhetween gibberellin treated and
non~gibberellin treated plants of either variety in node to
first flower after growth in long days,

A significant difference in both node to first flower and
node to first fruit in the variety Telephone grown under
short days between each of the treatments with gibberellic
acid,

No significant difference on node to first flower in short
day grown Greenfeast plants between the two levels of gibber-
ellic acid treatment but, as stated in (1), a significanf
difference between gibberellin treated and non—éibberellin
treated plants,

A significant &ifference between gibberellin treatments in
the node to first fruit of short dey grown plants of the

variety Greenfeast,
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Table

XVIII, Node to first flower and first fruit in Greenfeast
and Telephone varieties of pea under long days and
short days with three gibberellin treatments
i
Var, Day G.A, | Node to first flower | Node to first fruit
Length
| 0 26,0 t 0,19 27.16 T 0,92
+ _E > +
a o8 1 ug. 35.0 £ 1,13 36,5 £ 1.44
® %
© 10 g, 33,5 L 1.41 39,0 T 1,28
[
=i
" 0 20.87 * 0,16 21.3 ;‘: 0.28
[0 4o
H §§ 1 g, 21.83 * 0,81 27.3 % 0,61
(&) + +
10 pg. 22,15 T 0,77 27.5 = 0.42
0 30,83 ¥ 0,58 33,6 T 0,44
@ £ '
+ ; +
501 {%,g 1 ug. 33,00 £ 0,54 38,66 £ 0,33
s 10 pg. 38.33 * 0,48 41.5 *1.84
:.: 0 2%,66 ¥ 0,39 25,13 ¥ 0,38
&
o oo + +
e S8 1 e, 24,66 = 0,50 28,83 = 0,70
10 pe. 23,33 * 0,71 29.83 ¥ 0,62




64.
.The effect of applications of gibberellic acid on flowering and
fruit set in the two late varieties Greenfeast and Telephone are wvery
striking. An experiment was designed to measure the effects of

gibberellic acid on flowering in the two early varieties Massey and

Alasksa,
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Experiment X. To study the effects of applications of gibberellic

acid on growth and flowering in two early varieties

of garden pea grown under long day and short day conditions

This experiment was a repeat in all respects of experiment IX
excepting for the substitution of the two early varieties of pea Massey
and Alaska for the Greenfeast and Telephone used in the previous
experiment,

Seed was sown 24tﬁ June, 1966,

Fach treatment was given to ten plants; Table XIX gives the mean
value of plant heights 27 days after planting, and Table XX gives the
- mean value of node to first flower and node to first fruit in the two
varieties,

When considering plant height it was found that the early varieties
of pea behaved similarly to the late varieties after application of
gibberellic acid, The natural tall variety Alaska became a ‘'super-tall’
but showed no significant difference between the two levels of gibberellin
applicatiog. The natural dwarf variety Massey showed significant differ-
ences between all three treatments as did the natural dwarf variety
Greenfeast,

The node at which the first flower occuws is not affected by gibber-
ellic acid at the concentrations tested but a significant delay in fruit
pfoduction results after the application of the higher concentration of

gibberellic acid,

As was found in the previous experiment the first formed flowers



Table XIX., Height of plants in centimetres from first true

leaf to apex 21 days after planting

Mean of ten plants

Day o | S8.B. of
Var, Length G.A. Height in cms, Mean
0 13,16 21,74
4;: By +
23 T ug. 39.98 < 3,70
™ 4] A
o 10 pg. 57 .31 T 4.15
]
w 0 1%.64 T o,
“ [y}
= g b 1 ug. 39,44 X 4,08
S8
10 pg. 59.77 Y4
0 49,02 t 3,27
Y +
',8 g 1 U8, 60,08 T 4.22
@ n
M 10 pg. 64.3%9 Y 5,16
i 0 48.86 t 2,24
- +
g %pg 1 HE. 63017 - 4-29
=
10 pe. 66.14 T 3.84




Table XX. Node to first flower and first fruit in Massey and

Alaska varieties of garden pea grown undexr long

days and short days with three gibberellin treatments

Mean of ten plants

Var. Lgigth G.A. |Tode to first flower | Node to first fruit

0 9.6 0,09 14 % 0.30
Hw |1 e 10 *o 17.5 £ 0.61

- | 24
z 10 g, 10 o 18.5 £ 0,54
2 0 10 0 13 L 0,27
= %ﬂg’ 1 g, 10 *o 15 % 0.44
10 pg. 9.8 ¥ 0,11 20 % 0,61
0 9 To.12 10.6 ¥ 0,14
. EE‘ 1 pg. 10 %0 | 11.8 £ 0,17
'j, ? 10 pg. 9.6 £ 0,14 14,3 ¥ 0,29
‘j 0 9.6 £ 0,09 1.3 L 0,22
= §°§ 1 pg. 9.6 £ 0,10 13,6 * 0,58
|10 ve. 9.6 * 0,08 15 24,01




following treatment with gibberellic acid were small, incomplete and
abhortive, Usually the inflorescence consisted of a calyx only; in
a few cases the corolla was also present but in no cases, in the early
flowers, were stamens and carples formed,

In all four test varieties after applications of gibberellin the
seed pod when formed usually contained only one fully developed seed
and in some cases no sizeable seeds were formed, Plants which had
received no gibberellic acid treatment usually produced seed pods con=
taining 3-5 fully developed seeds,

The effects of gibberellic acid applications and day length were
studied in experiments IX and X; experiments XI and XII were designed
to test the effects of gibberellic acid and vernalisation, These
experiments were carried out during the period when cabinet II was set
to give varying ratios of red to far red supplementary illumination

and this was incorporated into experiment XI,
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Experiment XI, To study the effects of gibberellic acid on growth and

' flowering in Greenfeast and Telephone varieties of

garden pea with and without vernalisation treatments

in three different supplementary light regimes

Details of the setting of the cabinet, sowing of the seed and
vernalisation were the same as for Experiment VI and are detailed on
page 52,

The insertion of the glass capillaries and the applications of
gibberellic acid were the same as for Experiment IX and are detailed
on page 61,

Only one level of gibberellin was applied, i,e, 10 pg./pl&nt/week.

As in the case of experiment VI the experiment composed two sections
and also as in experiment VI the plants grown under red supplementary
light behaved the same in both sections, The results of the two experi-
~ ments are, therefore, presented in a single table, The dates of
commencement of the two sections were 22nd March, 1966 and 4th July, 1966.
The period of vernalisation was for three weeks at 10°C.

Three hundred and twenty plants were used in the complete experiment
and the results shown are the mean values of ten plants per treatment,
All plants were of the same physiological age when gibberellic acid was
first applied and when the various supplementaxry light treatments were
coymenoed.

Table XXIis a combined table giving the data obitained on dry weight

and plant height,

An analysis of the data obtained on dry weights showed that there

were no significant differences bhetween the various supplementary light
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Table XXI,

(1) Dry weight of plants at close of experiment

(2) Height of plants from first true leaf to the

twelfth node

Mean of ten plants

-
Var, Light ] G.A, Dry Weight in Gms, Height in cms,
0 0.98 ¥ 0,21 20,7 ¥ 3.98
White ? N ! + 57
’g 10 Pé’,'. 2-44 - 0052 9207 - 7.23
ﬁ 0 1.22 % 0,43 23,7 + 4.19
Red +
- § 10 g, 2.30 0,19 98.4 t 5,84
i e 0 0.95 % 0.33 25.3% 5,15
o | 2| Red | 10 pg. 2,15 £ 0,24 96.7 = 8,35
“ + +
g _ 0 0.85 £ 0,38 17.9 % 2,77
© White "
¢ 10 ug. 2.30 0,48 72.5 T 4.6%
Lo
Wl B 0 0.65 ¥ 0,18 22,4 & 4.63
[} e Red +
r’é 10 ug. 2,04 ~ 0,22 79.5 I 5.18
2| mar 0 0.91 T 0,27 19.6 T 4.30
Red | 10 ug. 2.32 T 0,31 76,1 T 3,92
0 2,49 T 0,41 92.1 X 7.18
<| e | 0 g, 2.84 * 0,66 103.8 ¥ 9,33
ﬁ 0 2,40 ¥ 0,39 95.2 ¥ 6,89
Red + +
° g 10 pge. 2.50 ¥ 0,23 116.4 ¥ 10.27
2 ?; Far 0 2.17 £ 0,28 9.6 X 8,14
o | & Red | 10 ug. 2,77 £ 0,14 109.5 ¥ 8,70
o
o - 0 1.90 * 0,29 85.7 £ 6,%3
';)* . 10 ug. 2.60 * o,28 98.7 £ 17,72
el o8 0 1,60 £ 0,17 89.3 L 4.46
— Red
g 10 ug. 2.40 T 0,37 101.2 & 7.26
&) i . . s
2 0 2.10 t 0,23 89.9 5,80
Red 10 ug. 2,73 * 0.26 97.3 £ 7.21




regimés either with or without gibberellic acid but that there was a
significant difference in the wvariety Greenfeast between plants which
had received gibberellic acid and those which had not. Gibberellin
treated plants had increased dry weights over their non-treated counter-
parts, In the variety Telephone the difference between gibberellin
treated and non-gibberellin treated plants, in most cases, was not
significant, An experiment employing larger numbers of individuals
might show significant differences, There were no significant differ-
ences between vernalised and non vernalised plants,

Differences in height between gibberellin treated and non-gibber=-
ellin treated plants showed similar trends to the measurements obtained
in experiment IX (see Table XVII), There were no significant differ-
ences between white, red and far red grown plants of either of the
varieties undexr any of the other treatments, There was, however, the
previously noted differences between gibberellin and non-gibberellin
- treated plants and also a significant difference between vernalised and
non vernalised plants,

Table XXIIshows the data obtained on node to first flower and first
fruit during this experiment.

An analysis of the data obtained on flowering and fruit set showed
a number of features already shown for other experiments,

(1) sSignificant differences were detectable between vernalised
"\ and non vernalised plants in first flowering node and con=-

sequently first fruiting node with vernmalised plants flower-

ing earlier,
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Table XXII. Node %o first flower and node to first fruit in

vernalised and unvernalised plants of the varieties

Greenfeast and Telephone with and without applied

gibberellic acid and grown under three supplementary light regimes

’ - L
Var, Light | G.A, Node to Pirst Flower Node to First Fruit
0 19.3 T 0.33 ~ 19,5 % 0,36
o White .
5 10 ug, 20,6 = 0.41 27.5 T 0.72
i 0 19.8 T 0,28 19.9 * 0,28
g Red ,
o |8 10 ug. 21.3 I 0,63 27.6 1 0,81
° 5! Far 0 20.5 I 0,71 20,5 T 0,71
S ‘
o Red | 10 pg, 21.2 * 0,52 27.3 * 0.84
G o+ +
a 0 18,2 £ 0.54 18,2 T 0.54
' White +
1 [ 3 L ] Lanl i
o | 0 ug 19.0 - 0,61 24.7 T 0.79
M| @ 0 18,3 - 0,27 18.3 t 0.27
th — Red +
g 10 Pg- 2005 - 0077 2500 i 0056
- 0 18.6 < 0,27 18,8 ¥ 0.29
Red | 10 ug. 19.4 T 0,35 25,0 ¥ 0,67
0 19.7 ¥ o, 20,7 *
White 24 7= 0.41
'§ 10 pg. 21,2 T 0,59 25.5 * 0,50
- - 0 20.7 ¥ 0.40 22,7 ¥ 0,82
. .
. ,§ 10 pg. 22,6 £ 0,55 - 27.3 10,70
f | 8| Far 0 19.6 T 0,52 19.8 T 0.52
’g S| Red 10 pg.| 21,5t 0,78 22,1 % 0,64
o 0 16.7 ¥ 0,42 32
o hite 7= 0.4 18.3 = 0,35
N R 10 ug. 18,0 ¥ 0,39 24,9 £ 0,82
A ® g 0 18.2 i 0-77 2000 i 0081
B ,.r_g.{ Red + +
d 10 pg. 19,8 < 0,38 27.0 ¥ 0.76
+ +
g Far O 17.1 - 0.23 18.4 - 0.16
Red | 10 pg.| . 19.8 % 0,31 26,2 £ 0,57




(2) Gibberellin treated plants set fruit significantly later than
plan%s which had not received gibberellic acid applications.
(3) The three supplementary light regimes did not affect the node
to first flower or first fruit in the four test varieties.
In this experiment although all plants were grown undexr long day con-
ditions & slight but significant difference in node to first flower
could be found between gibberellin and non-gibberellin treated plants,
Plants which had received applications of gibberellic acid flowered
slightly later than plants which received no gibberellin treatment.
In experiment IX gibberellin and non-gibberellin treated plants, after
growth in iong days did not flower at significantly different nodes,
The difference found in experiment XI is slight and it may be that the
total of 120 individuals in experiment IX is %oo low to give a true
indication of thg performance of the whole population, At this stage
it must, therefore, be said that gibberellic acid coupled with short
- days causes a marked delay in flowering in garden peas but with long
days causes only a slight delay which may or may not be significant,
To summarise the features recorded in pea plants after treatments
with gibberellic acid, it has been noted that applications of gibber-

ellic acid cause a delay in flowering and fruit set, cause very marked

increases in plant height, particularly in the case of the natural dwarf
varieties and bring about increases in dry weight over non-treated plants,

+~ The initial purpose of the study of gibberellic acid and its effect

on flowering was to investigate the possibility that if a natural dwarf

variety of pea, in this case the variety Greenfeast, were given the
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phenotype of & tall variety it would show the same flowering pattern
~in response to day length and to vernalisation under short days of the
natural tall variety; in this case the variety Telephone,

From the results so far obtained the natural dwarf variety when
given applications of gibberellic acid assumes the phenotype of the
tall variety and with regard to day length shows a similar trend to‘
the natural tall variety in its floweriﬁg pattern,

A small experiment was designed to investigate the effect of a
period of growth at low temperature coupled with short days on the

~flowering behaviour of Greenfeast plants given applications of gibber~

ellic acid,
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Experiment XII, To study the effects on flowering of gibberellic

acid applications in the variety Greenfeast grown

under long davs and short days with and without vernalisation

1

The experiment was carried out in growth room 'A' and the experiment
commenced on 25rd August, 1966, The temperature was maintained at 2100
and the photoperiods, as previously described, of 8 hours and 16 hours
were used, Seeds were given the standard soaking for 6 hours in dis-
tilled water and were planted in 3" green polythene plant bags. The
previously described arrangements for vernalisation and gibberellic acid
application were carried out. The vernalisation period was for three
weeks at 10°C, The vernalisation treatment was carried out in cabinet VI,
Throughout the vernalisation period the plants were grown under short day
conditions. One level of gibberellic acid application was used, that
of 10 ug./plant/week.

Only the node to first flower and first fruit were recorded and the
results shown in Table XXIIIrepresent the mean values of ten recordings,

As before no significant differences within groups could be detected.

The results obtaiﬁed from this experiment and presented in Table XXIII
indicate that there is a greater response to vernalisation in the induced
tall plants than in the non-treated natural dwarf plants,

From the data collected from the experiments described in this
section it can be said that with the variety Greenfeast induced tallness,
bf;ught about by appiicationa of gibberellic acid, will cause the plants

to behave in their flowering pattern similarly to the natural tall variety



Table XXIII. Node to first Flower and first fruit in Greenfeast

peas grown under long days and shoxrt days with

snd without gibberellic acid applications and vernalisation

Day . : :’i v 1
Length G.A, Node to First Flower | Node to First Fruit
B + x
@l 0 20,8 Z 0,21 20,9 - 0,21
P 83 + +
S | & £10 ug. 21,7 = 0,34 29.3 = 0.46
= (o)
=
%0 ks
1]
= 210 18,6 £ 0,16 18.6 £ 0,37
° |3
= g 10 ug. 19.5 £ 0,18 23,2 £ 0,29
=
3 + +
by ::;—'t% O 2558 - 0032 2704 - 0044
« O
S 1280 we. 32,9 ¥ 0.48 39.4 2 0.40
2 .
o+
& o : + +
o ° 0 21.8 = 0,29 22,8 & 0.11
S i
a
® g [10 pe. 24.7 ¥ 0.3% 34,2 ¥ 0,53
@
=
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Telephone, Careful application of varying total amounts or weekly
applications of gibbefellic acid may be able to produce Greenfeast
plants of the same height, with the same dry weights and showing the
same behaviour in response to day length and vernalisation as the

natural tall variety Telephone,
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VI. THE PEA COTYLEDONS AND FLOWERING

A paper by Sprent entitled the ‘'Role of the Leaf in Flowering
of Late Pea Varieties' which appeared in the issue of Nature for 5th
March, 1966 drew attention to the possible influence of the cotyledons
on the flowering of late pea varieties., During the course of this
work Miss Sprent showed that severe defoliation caused reduced vege-
tativelvigour but did not affect flowering. If, however, the coty-
ledons were removed at an early stage a similar reduction in vegetative
vigour was noted but also the node to the appearance of the first
flower was reduced.

Barber and Paton (1952) proposed that the cotyledons of pea con-~
tain a flower inhibitor which is quantitatively transported to the apex
during the first two weeks of growth,

Tfoliage leaves are obviously involved in the photoperiodic response
but, the suggestion made by Miss Sprent is that, they affect flowering
in a gualitative rather than in a quantitative way; possibly by supply-
ing both phytochrome and a substrate for its action (Borthwick and Downs
1964).

In the work carried out by Miss Sprent the reduction in the node to
the appearance of the first flower was by a similar number to that found
after plants had been vernalised and, as mentioned in the introduction,

a

the possibility does exist that the site of perception of a cold stimulus



might not be the plant apex but may be the cotyledons, If, in fact,
the cotyledons were the plant parts receptive to vernalisation then it
would be reasconable to assume that removal of these cotyledons would
result in the plant being unable to respond to a period of growth at
low temperature by initiating a flower at a lower node,

The work described in this section considers at length the effects
on flowering of the removal of the pea cotyledons either as a single

treatment or in conjunction with environmental and/or chemical treat-

ments,
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Experiment XIII, To investigate the effects on the node to

appearance of the first flower of the removal

of the cotyledons in four varieties of pea,

Plants of the four varieties, Massey, Greenfeast, Alaska and
Telephone were sown in green polythene plant bags in Peralite on
17th June, 1966, after six hours soeking in distilled water,

The plants were grown in a 16 houx day, i.e. 8 hours of high
intensity light.followed by 8 hours of supplementary illumination,
at 219C in cabinet 'R Exactly ten days after sowing, i.e. 240 hours,
the Peralite was carefully cleared from around the cotyledons which
were then removed by. cutting with a scalpel as close to the main axis
as possible, taking great care not to demage the main axis. The
cotyledons were removed from ten plants of each of the varieties. The
Peralite was then replaced and the plants were returned to the cabinet.
Control plants, ten of each variety, were allowed to continue growing
with their cotyledons attached.

After removal of the cotyledons the growth rate of decotylised
plants, as measured by increments in height, was reduced compared with
the controls but the plants appeared normal in all other respects,
Table XXIV shows the data recorded on node to first flower and also
node to first perfect flower i,e, the first flower observed to be
morphologically complete, . Information on final height
and dry weights of plants is not recorded due to the fact that com-

parisons between decotylised plants and plants with cotyledons could



Tahle, XXIVA,

Node to first flower in four varieties of pea

grown wnder long days with and without cotyledons,

[ Massey Alasks Greenfeast Telephone
C DC C DG G DC C ) DC
1 {10 10 10 107 | 20 20 22 0%
2 {10 10 10 10 22 22 23 20
3 110 10 10 10 22 23 23 éO
4 110 10 1. 9 21 20 21 21
5 | 10 10 10 9 22 20 20 22
6 9 10 9 9 21 21 22 20
7 110 10 9 10 20 22 22 21
8 9 10 10 10 22 19 24 22
g |10 9 10 10 22 22 20 22
10 |10 10- 9 10 21 19 20 21
Mean | 9.8 9.9 9.8 9.7 | 21,3 | 21,0 | 21,7 | 21,2
S.E, ‘
of | 70,12 |Z0,09| f0,18] f0,14| Z0.23| F0.41| Y0.41| f0.43
Mean
Where C = with cotyledons
and DC = decotylised, i.,e. without cotyledons




Table XXIVB. Node to first pexrfect flower in four varieties of

pea grown under long days with and without cotyledons

Mean values of ten recordings

Massey Alaska Greenfeast Telephone
C DC C DC C DC C DC
Mean | 10 9.9 10.1 9.8 26.6 26,1 22.8 | 21.9
S.E,
of | *o 10,09 T0.11| fo0.13| fo.61| fo.s58| Fo.27]| fo.14
Mean




not be reasonably made since decotylised plants of the two late
varieties were some 3 - 5 weeks later in flowering due to reduced
growth rate and control plants by this time had produced fruit and
the main axis had senésced. Node to first fruit is not recorded in
this experiment,

Table XXV shows the height measurements taken when plants were
20 days old i.e. 10 days after the removal of cotyledons in the
decotylised group.

The data obtained indicates that while removal of the cotyledons
at ten days markedly affects the vegetative vigour of the plants in
that plants without cotyledons are much smaller the node to the appear-
ance of the first flower and first perfect flower are not significantly
different between plants with and those without their cotyledons.  The
rate of production of new nodes is also slowed down after removal of
the cotyledons and although no measurements were taken of this it was
noted that to reach the flowering node decotylised plants had to be
grown for between three and five weeks longer than their respective
controls with cotyledons still attached,

Considering the hypothetical flowerx inhibitor present in the coty-
;edons and which Barber and Paton (1962) claim is quantitativeiy trans-
ported to the apex during the first two weeks of growth it was decided
to remove cotyledons at varying times after imbibition of the seed and

to follow the effects on growth and flowering,
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Table XXV,

Helght of plants in centimetres twenty days

after planting

lean values of ften recordings

Massey Alaska Greenfeast Telephone
C DC C DC C DC C DC
Mean | 14.17 1| 9.13| 46.31| 31.62| 16.42| 10.66| 57.14 | 41,33
SeEn
of 1,98 | T2.14 | f2.320 £3.76| F0.771 $1.92| f2.68 | f4.88
Mean




Experiment XIV. To stody the effects on growth and flowering in
per )

the variety Greenfeast of removdl of cotvledons

at 24 hour intervsls commencing 18 hours after

the pea seeds have been given germinating conditions

The experiment commenced 22nd December,v1966.

Seeds of the variety Greénfeast were soaked in distilled water
for six hours and were then planied in moist Peralite in the standard
polythene plant bags. The experiment was conducted in cabinet II
and all plénts were growvn in a 16 hour phoioperiod i,e, 8 hours of
high intensity illumination followed by 8 hours of supplementary
{llumination at 21°C constant temperature,

t 18 hours after the start of the soaking period a group of ten

seeds héd the cotyledons removed and the embryo replaced in the Peralite.

An earlier pilot experiment involving the removal of cotyledonsAat
very early stages resulted in very low survival rates due to the rapid
dehydration of the embxyo or small plant. As standaxrd practice, after
the removal of cotyledons, a small beaker was placed over the embryo or
young plant, and was removed later when the plant had hardened off.

At 24 hour intervals after the 18 hour period groups of ten plants
had cotyledons removed, The total experiment comprised 140 plants,

A1l the plants which had cotyledons removed priox to 90 hours did
not survive and were obviously dead within 48 hours of the removal of
the cotyledons. At 90 hours there was 50% survival and all groups

which had cotyledons removed after this time showed 100% survival,

1.
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Ten weeks after the initial soak>period when marked differences
in plant height and number of nodes formed could be easily seen a
randomly selected plant from each group was pnotographed and all plants
in each set were measured for height and total number of nodes. Plate 1.
shows the plants with the upper figure indicating the time after soaking
at which the cotyledons were femoved and the lower figure showing the
total number of nodes formed at ten weeks,

Table.XXVI gi&es the data obtained on plant height and total nodes
formed at ten weeks, No significant differences within groups could
be detected and the results shown are the mean of ten recordihgs for
each group excepting the group at 90 hours where only five plants sur-
vived. At the ten week period many of the planits whose cotyledons had
been removed at 215 hours or later had commenced to flower, Other
plants required anything up to another two to five weeks of growth befofe
flowering commenced,

Tn addition to the dwarfing of decotylised plants with respect to
height and number of nodes formed the leaflets were also greatly reduced
in sigze. These features persisted throughout the entire life of the
plants although in the case of plants where the cotyledons had been
removed at later times some of the vegetative vigour of the controls was
regained, No actual measurements of this were made and the statement
made above is based solely on visual observations of the plants during
the growing period.

In Table XXVII the data recorded on node to first flower and first
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Table XXVI, Total number of

nodes formed and height of

plants ten

weeks after planting

Time after soaking

of Temoval of Nodes ?lant hgights

cotyledons formed in centimetres
90 hours | 13.8 £ 0,46 6.87 t 1,27
114 hours 18,2 + 0.38 9.235 * 1.1
138 hours | 8.8 £ 1,11 13,44 * 2,08
162 hours | 22,1 £ 0,70 17.88 + 1,94
189 houxrs 23,4 T 1,21 22,24 * 2,64
215 hours 24.1 % 1.36 | 31.30 & 3.19
238 hours 25.6 £ 0,82 | 39,16 L 4.26
261 hours 26.9 * 1,77 | 42,00 % 3.83
283 hours 27.8 ¥ 2,16 43,25 * 5,16
308 hours 28,2 £ 1.7% 45,61 % 5;21
332 hours 27.3 * 2.45 35,48 + 4,98
Control 27,7 £ 2.42 44,70 + 3,64




Table XXVII, Node to the appearance of the firs{ flower and

first fruit against the time of removal of the cotyledons

cotyledons First Flower First Fruit
90 hours 18.3 £ 0,23 21,0 % 0.56
114 hours | 20.6 % 0,18 2%.2 & 0.61
138 hours 21.% + 0,31 24,6 * 0,28
162 hours 21,8 £ 0,20 24.5 * 0,46
189 hours 22.8 £ 0,43 26,7 £ 0.51
215 hours 22,5 £ 0,30 25.0 £ 0,44
238 hours 22,2 £ 0,27 26,2 £ 0,37
261 hours 22,2 * 0,27 24.4 ¥ 0,62
283 hours 22,2 * 0,15 24,2 ¥ 0,38
508 hours 22.4 % 0,24 24,6 * 0,55
3%2 hours 22.6 £ 0,3% 25,0 * 0,40
Control 22,0 & 0,21 23.33% 0,43




fruit, is expressed as the mean of ten recordings except as in the pre-
viously specified case of the 90 hour cotyledons removal group where
only five plants suxvived,

A comparison of the means shows a significant difference in node
to first flower between the groups which had cotyledons removed at
90 hours or 114 hours and the rest, Early removal of the cotyledons
appears to hasten flowering, The node to appearance of the first fruit
is similarly affected. When considering the number of nodes formed at .
ten weeks after planting there are significant differences between each
group up to the group which had cotyledons removed at 238 hours. Thére
are also, naturally, significant differences between any of these groups
and the rest including the control group,

The same is true for plant heights excepting when considering the
group where the cotyledons were removed at 332 hours. In respect of
flowering node and nodes formed this group does not vary from the patterm
described, No. significant differences within the group could be
detected and the reason why this single group should appear different
is not known.

This experiment indicates the presence in the cotyledons of a
flower inhibiting substance transported out to the embryo or a flower
promoting substance initially present in the embryo being destroyed in
the cotyle@ons during the first five days of growth. The presence of”
a growth promoting factor in the cotyledons which is transported out
over some ten days is also indicated or conversely the destruction of

some growth inhibiting substance in the cotyledons during this period,
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The effects notedion growth and flowering may be brought about by
the same substance or substances being transported out of or into the
cotyledons or may be brought about by different substances being
destroyed in or transported out of the cotyledons, The movement may
be two way and one or other of the hypothetical substances may be
destroyed in the cotyledons while the other is being moved out.
Salisbury (1963) discusses the antagonism between vegetative and re-
productive growth and certainly in this experiment the plants which
flower eaxrliest are those which show the poorest vegetative growth.

The reduction in vegetative growth after the removal of the coty-
ledons may be the result of the lack of carbohydrate for the developing
embryo but the fact that plants, particularly when the cotyledons are
removed at a very early stage, never recover the vegetative vigour of
the controls suggests that this is not the case. The fact that plants
which have the cotyledons removed priocr to 90 hours die within a few
hours might suggest the presence of an inhibitor or the absence of a
promotor of growth but whatever it may be, either presence of or absence
of, at least a specific growth regulating substance or substances is
suggested,

The reduction in the number of nodes formed when the cotyledons
have been removed is similar to that found when plants have been verna-
lised, Barber and Paton (1962) suggest the presence of a floral
inhibitor in the cotyledons, It has been suggested in the intro@uctioﬁ,
page 8, that this may be true and the possibility that it is not mobil-

ised during a cold itreatment at the seedling stage has also been considered.
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The position now might indicate that, when considering flowering alone,

vernalisation and removal of cotyledons achieve the same end and that

being the prevention of a floral inhibitor reaching the apex, If

this were the case then it would be reasonabie to presume that plants

which had their cotyle&ons removed would not be able to respond to a

period of growth at low temperature by initiating flowers at lower nodes,
Since vernalised plants with cotyledons show no retardation in their

vegetative vigour, if the above hypothesis is correct, then more than

one substance or groﬁp of substances is implicit, one controlling vege-

tative and the other reproductive growth, An experiment was designed

in an attempt to clarify this point,



Experiment XV, To study the effects of the removal of cotyledons

followed by a period of grcwth at low temperature

on flowering in the garden pea variety Greenfeast.

This experiment was conducted in cabinet V commencing 25th April,
1967, The vermalisation period for the various groups was for a period
of three weeks at 10°C in cooled incubators, The day length in the
cabinet and incubators was 16 hours and the temperature in the cabinet |
was maintained at 2000.

The figures given in the tables are the means of ten recordings
for each group. It was anticipated that considerable numbers of deaths
would occur in the decotylised plants during the vernalisation period.
Three times the number of plants required had cotyledons removed and
were given the vernalisation treatmenf. At the time of recording ten
plants were randomly seleﬁted from the survivors. During the period of
cold treatment approximately 50% of the decotylised plants died, TFor
each of the other groups,; as was usual practice, a few extra pots were
included in the experiment as replacements,

Seeds were soaked for six hours in distilled water and were then
planted in moist Peralite in polythene plant bhags. All pots were then
placed in the growth cabinet for a further five days. At this time,
i.,e., 126 hours after plants were first given germinating conditions,
the cotyledons were removed from the required number of plants and the
vegnalisation treatment was commenced,

Small beakers were again placed over decotylised plants to cut

down dehydration,

&2.



Due to the time involved in growing decotylised plants only the
node to first flower was recorded although when flowers could be
recorded on the decotylised plants the plants with cotyledons had
already set fruit.

Table XXVIII gives the results of this experiment on node to first
flower, The results shown for non vernalised plants are very similar
to those found in experiment XIV and the general trend is similar to
that found in experiment III and shown in Table VIII, The differences
between experiments III and XV in the node to appearance of the first
flower could be due to the differences in the cabinets or to the age of
the seed,

However, from the results obtained‘in this experiment it becomes
cleaxr that plants without cotyledons respond to a period of vernalisation
by initiating flowers at a slightly lower average node. The hypothesis
put forward that plants without cofyledons would be unable to respond to
& period of vernalisation is, therefore, wrong. The suggestion put
forward in the .introduction, page 10, that the cotyledons are the site
of perception of the cold stimulus is also in some doubt. The findings
of this experiment do not rule out the possibility that the substance or
substances involved are initially to be found in the‘ootyledons but that
shortly after germination they are to be founduin the axis of the young
plant is evident, A repeat of this experiment removing cotylédons at
90 -hours completely failed due to the fact that no decotylised plants
survived the period of cold treatment,

The fact that the decotylised plants in this experiment showed all

&3.



Table XXVITI, Node to the appearance of the first flower in

the garden pea variety Greenfeast with and

without cotyledons and with and without a

vernalisation treatment
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the visible signs of reduced vegetative vigour as described in
Experiment XIV and flbwered,earlier probably suggest that the sub-
stances involved are not the same as those involved in vernalisation
responses,

In conjunction with experiment XV it was decided to attempt to
apply cotyledon extracts to decotylised plants and to measure the

flowering response and vegetative growth of the plants,



Experiment XVI, To study the effects on growth and flowering of

the application of aguecus extracts of cctyledons

to plants of the garden pea variety Greenfeast

with and without cotyledons

This experiment was conducted in a 16 hour yhotoperiod in
cabinet VI with a constant temperature of 20°¢ being maintained,
The experiment commenced 28th April, 1967,

Seeds were soakéd for the usual six hours in distilled water and
were then planted iﬁ moist Peralite, At 126 hours half the plants
had their cotyledons removed. After ten days glass capillaries were
inserted into the small plaﬁts, as previously described, and daily
applications of 1Q ug. of cotyledon extract were applied. |

The extract was prepared by soalking 200 cotyledons, i,e., 100 seeds,
for 12 hours; removing the testa and embryo; blending the cotyledons
and sgueezing the liquid from the mash, The exudate was then filtered
and stored at 500.

Table XXIX shows the measurements taken after ten weeks of number
of nodes formed and plant heights. Table XXX shows the data recorded
on node to appearance of the first flower,

From the data recorded in Tables XXIX and XXX it is evident that
the agueous extract applied was ineffective in restoring the vegetative
vigour of the controls or any part thereof to decotylised plants, It
may be that the substance or substances are not soluble in water ox it

may be that they are produced during germination and are then moved out

8>.



Table XXIX,

Total number of nodes formed and plant heights

ten weeks after planting in the variety Greenfeast

having received ten daily applications of agqueous

cotyledon extract

Mean of ten recordings

Extract Nodes formed .Plant @eight
in centimetres

26.9 41,27

@ +

,§ T 1,87 * 4,83

[4}]
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(@]

- 28,1 43,38

- -

= T 2.12 t 5,47
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Table XXX, Node to first flower in the variety Greenfeast with

and without cotyledons and with and without applications

cotvledon extract

Mean of ten recordings

: T ,
| . | Node to
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of the cotyledons; conversely the cotyledons may be acting as a sink
for substences already present in the embryo, Aqueous extracts of
dry seeds and of cotyledons removed from young plants were also
ineffective,

In an attempt to discover more about the substances involved it
was decided to remove parts of cotyledons and to study the effect of

this on growth and flowering,



Experiment XVIi{a)., To studv the effects on growth and flowering

of the removal of parts of cotyledons in the

garden pea varieties Greenfeast and Telephone

This experiment, starting on 3rd May, 1967, was carried out in
cabinet VI under a constant temperature of 20°C and a photoperiod of
16 hours, Seeds were soasked for six hours in distilled water and were
then planted in moist Peralite in 5 x 3 Vacapots, After five days
different sets had 1/4, 1/2 and 3/4 of the total cotyledon complement
removed, One set had the complete cotyledons removea and one set was
left with cotyledons attached. In all cases where part of the cotyledon
complement was removed great care was taken to avoid damaging the point
of attachment of the remaining cotyledons or part of the plant,

One set had the cotyledons removed and then replaced using a paste
of lanolin and water,

Table XXXI shows the data recorded on plant height and. total nodes
formed ten weeks after planting and Table XXXII shows the node to appear-
ance of the first flower,

Considering first the data on node to first flower it is seen from
the results obtained that in the variety Telephone there are no signifi-
cant differences betweén any of the treatments. The variety Telephone
may not be influenced in its flowering pattern by removal of cotyledons
or the removal of the cotyledons in this experiment may have been done
at some {ime after the critical period. The time chosen for removal of
cotyledons of five da&s after planting was based solely on the perform-

ance of the variety Greenfeast and there is no reason to suppose that



Table XXXI, Total nodes formed and plant heights in Greenfeast

and Telephone peas after removal of parts of cotyledons,

removal of whole coityledons and reattachment of

cotyledons after removal

Recordings made ten weeks after planting

Mean of fifteen recordings

i
!

| - 1/4 28,6 £ 0,90 | 44.81 % 5,49

. 1/2 29.5 % 1.14 | 45.33 & 4.73

N 3/4 23,7 £ 1.06 | 20,70 + 2.98

= 1 19,2 + 1.22 | 11.72 £ 2,77

o | 1 + reattachment | 18,8 * 1.11 | 12,60 ¥ 3.16

@ 0 29.3 £ 1.30 | 47.14 * 5.28

1/4 32,8 £ 2,21 |109,82 £ 9,36

2 1/2 29,8 £ 2,64 (102,66 ¥ 8,14

- 3/4 26.9 * 1.47 | 68.47 £ 4.60

S{ 1 20,1 + 2.30 31.72 F 3.92

r; 1 + reattachment | 22,3 + 1,42 29.64 + 3,94

3} 0 33,2 £ 0,98 116,30 £ 10.71




Table XXXII, ©Node to first flower in Greenfeast and Telephone

veas after removal of parts of cotyledons,

removal of whole cotyledons and reattachment

of cotvledons aftexr

removal

Mean of fifteen recordings

Parts removed

Node to first
floywer

Greenfeast

1/4
1/2
3/4
1
1 + reattachment

0

22,38 T 0,41
22,46 * 0,36
21,60 £ 0,27

20,10 £ 0.40

1+

19.87 2 0.39

22.15 £ 0,18

Telephone

1/4
1/2
3/4
1
1 + reattachment

0

20.23

1+

1.43

23.2 0.87

1+

21.26 + 1,17
22,85 + 1,35
22,24 * 0,64

22,00 #

b
o
©
6]
N




other varieties will behave similaxrly.

In this experiment the variety Greenfeast showed some interesting
results, Plants which had had the cotyledons removed completely ox
completely removed and then returned showed the same performance as
previously noted with regard to the node at which the first flower
occurred, These plants flowered slightly but significantly earlier
than the controls, Plants which had retained only parts of the coty-
ledons, however, also behaved the same as the control plants and this
would appear to indicate that, with regard to flowering, a part of the
cotyledon is as effective as the whole cotyledon complement,

Total nodes formed and plant heights ten weeks after sowing showed
similaxr trends for both the varieties, The variety Greenfeast showed
the same performance as previously noted between plants with and plants
without cotyledons, Plants which had the cotyledons removed and then
reattached behaved as decotylised plants,

Where only a paﬁt of the cotyledon complement had been removed the
situation is more complex. Removal of 1/4 or 1/2 of the cotyledon
complement does not significantly affect the vegetative growth of the
plants, Removal of 1/2 the cotyledon complement involved the removal
of one complete cotyledon, An appendix to this experihent in which
1/2 the cotyledon complement was removed by cutting across both coty-
ledons did show some significant differences from the controls,

Where 3/4 of the cotyledon complement was removed the plahts were

significantly different from the controls. There was a reduction in

the rate of node production and a decrease in plant height, The leaves
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formed immediately following the removal of cotyledon parts were
smaller than controls, visual observation only, but later formed
leaves showed some indication of regaining some of the vegetative

vigour noted in plants where the coivyledons had not been removed,
& ! N



Experiment XVII{b). To study the effects on growth of plants of the

variety Greenfeast after removal of half the

cotyledon complement

Removal of half the cotyledon complement to be

done in various planes.

In the previous experiment i1t was noted that if one entire coty-~
ledon remained gttached to the plant the plant grew normally. This
was the case in the plants with 1/4 and 1/2 the total cotyledon comple-
ment removed, The plants retaining only 1/4 of the total cotyledon
complement were small, Two possibilities seemed to exist (1) that

a 1/4 of the cotyledon complement could not Suﬁply a sufficient amount

of the hypothetical growth substance or substances for completely normal

growth or (2) a damaged cotyledon could not supply a sufficient amount
of this substance,

A small experiment with the variety Greenfeast was set up to
investigate this problém.

The experiment oommended on 23rd June, 1967 and was carried out in
cabinet VII under a constant temperature of 20°C and a photoperiod of
16 hours,

Seeds were hendled as in experiment XVII(a) and the plants were
grown in 5 x 3 Vacapots.

After five days the e xperiment Qas divided into five groups. One
group of control plants retained the whole cotyledon complement, One

group was completely decotylised and the remaining three groups had 1/2
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the cotyledon complement removed in each of the three ways diagram-

atically represented below,

:::) Fig, IV.

(a) () (e)

Plant height and total nodes formed were recorded five weeks later
and the results are shown in table XXXIII as the means of ten recordings.

From the data given it can be seen that removal of half the coty-
ledon complement results in a marked decrease in vegetative vigour over
control plants but that this debilitation is less marked if one entire
cotyledon is left attached. The information obtained from the previous
experiment would indicate that plants with one cotyledon attached entire
do recover vegetative vigour throughout their life and by ten weeks after
sowing are not discernably different from controls, This is, perhaps,
not surprising since at ten weeks after planting control plants have
already been flowering for some time with the attendant reduction in
vegetative growth rate,

The work described in this section points clearly to the ootyledoné
influencing growth and flowering in garden peas and possibly points 1o
two separate processes one controlling ox influencing vegetative growth’
and the other influencing flowering. There is, however, no indication

as to how the cotyledons are acting oxr as to what the nature of the



Table XXXIII. Total nodes formed and height of plants five weeks

after planting after several cotyledon removal treatments

wean of ten recordings

rerte * | mowes votes | TSI
0 16.5 £ 0.84 20.7 £ 2.49
1/2 (a) 11.2 % 1,16 T11E 1,17
1/2 (b) 12.4 = 1.14 6.84% 1,20
1/2 (¢) | 14.3 * 0,88 13,14% 1,21
1 10.8 & 1.30 4.85% 1,37

2,
He

See Figure IV,
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compound ox compounds produced by ox destroyed in the cotyledons axe.
Screening of a wide range of compounds might give some indication as
to the chemicals involved, The fact that flowering is not affected
if even a small paxrt of cotyledonary material remains attached might
point to & hormonal type of compound. The reduced vegetative vigour
resulting from removal of the cotyledons might point to a gross
nutritional factor in the cotyledons without which the plants will
never grow vigorously. The reduced vegetative vigour resulting from
removal of half the cotyledonary complement but leaving one functional
cotyledon entire may support this hypothesis since plants given this
treatment appear to recover slowly,

An experiment conducted earlier was designed to test a few possible

compounds and to test these in all possible combinations,



Experiment XVIII, To study the effects on growth and flowering

of agplications of sucrose, gibberellic acid, indolvl

acetic acid and kinetin to decotvlised peas of the

variety Greenfeast.

This experiment was carried out in cabinet VII under a photoperiod
of 16 hours and with a constant temperature of 2000. The e xperiment
commenced on st May, 1967,

The standard procedure was adopted for soaking and planting of
seeds, After five days half the total number of plants had cotyledons
removed, and small beakers were placed over the small plants,

Five days after the removal of cotyledonsaall plants had glass
capillaries inserted into the stem and the various treatments were begun.
10 ng. of each of the test substances were applied in a 10% alcoholic
solution and the treatment was repeated at weekly intervals for six weeks,

In an experiment of this type only positive results can be considered
as valid, The fact tﬁat plants might show no response to certain sub-
stances is not a measure of the ineffectiveness of that substance in
eliciting a response; also if one 6r more substances elicit a response
this is no indication of the ineffectiveness of other substances which
elicit no response, The relative ease of transport of one substance
within a plant is no measure of the ease of transport of any other sub-
stance,

Sucrose was chosen as one of the test compounds as a potential

supplier of a carbohydrate source which might be lacking after removal

of the cotyledons.



Dwarfed internodes were noted in all plants after removal of the
cotyledons, Gibberellic acid has been noted fto bring about internode
elongation and was therefore selected as a second test substance.

Kinetin has been found to bring about accelerated division in
tobacco pith cultures provided that IAA is also present (Miller et al,
1956 and Skoog and Miller, 1957). Kinetin was also found to bring

about expansion in leaf discs of Phaseolus vulgaris (Scott and Liverman,

1956 and Miller, 1956) and this total expansion was found to be brought
about by enlargement of the individual cells. (Niller9 1956 and
Powell and Griffith, 1960), The effects of kinetin on plant growth
have been reviewed by Miller (1961), The very much reduced leaflet
size noted in pea plants after the removal of the cotyledons and the
possibility that the absence of kinetin and IAA may be responsible for
this suggested the possibility of applying these substances as compounds
which could overcome the retardation of growth noted in decotylised pea
plants,

Due to the size of the experiment and the shortage of space there
were only five replicates per treatment. However, 6K for analysis purposes
eighty plants received each of the treatments. Including controls the
experiment, therefore, comprised 160 plants,

Table XXXIV shows the data recorded on total plant height and total
nodes formed six weeks after planting and Table XXXV shows the data
recorded on node to appearance of the first flower and first fruit.

An analysis of the results shows clearly that, apart from the pre-



Table XXXIV.

Total nodes formed and total plent heights of

Greenfeast veas with and without cotyledons
h ¥

and given anplications of four compounds in

Recordings made six weeks after planting

all possible combinations

|

Nodes Formed

i Height in Cms,

109 Ale, S |10% Ale. S
17.6 26,6
105 Alc. - -
11.6 9,6
17.4 |18.,2 22.6 24,8
K
11.4 10,0 6.6 9.4
17.0 | 16.8 27.8 20,8
TAA 11,8 | 12.2 6.8 8.4
17.2 118.0 77.2 67 .4
GA 9.8 |11.0 26.4 1.6
17.2 29.0
S 12,0 - 6.8 -
16,8 | 17.2 22.8 29,0
Tha, X 10.8 | 11,0 7.4 9,4
ca, TAA 17.0 | 17.8 78.8 65,8
11,0 | 11.0 24,4 28,6
GA, X 17.2 [17.8 | 71.2 | 73.0
12.0 | 11.0 23 .6 02,4
” . 18.6 17.4 74.0 67.6
A TAA X
? ’ 11.8 | 11.8 21.8 23,2

Underlined figures are the data from decotylised plants,



Table XXXV, Kode to first flower and first fruit in Greenfeast

peas with and without cotyledons and given applications

of four compounds in all possible combinaticns

-
|

Underlined figures are the data from decotylised

: First Flower First Fruit
ﬁ ! i
! 105 Ale. 1 S 10% Alc. S
| T o
; i 21,0 21,4
| 105 Alc,i 19.4 - 20,9 -
% | T i 42
! i i
! 21,0 21.0 21.6 21.4 &
Tf‘
= 19,4 20,0 20,4 20,6
20,6 20,2 21.4 21,2
A
LAA 19.4 18.8 20,0 19,4
24,8 2% 4 27,4 26.8
GA 22.6 22,1 24,6 25.6
21.2 21.4
S 19.6 - 20,2 -
20,2 20.4 20,8 21.0
WA, X1 49,0 19. 19,0 19.8
24,4 25,4 27.0 27.0
GA, IAA 22.6 20 6 24.8 25,8
o4, 4 24.8 25.8 26,2
GA, K 22,6 94.0 25,4 25,8
25.4 24.4 27,0 26,4
GA, IR, KP4 21,6 | 26.4 25.4 |
- - i

plants.



viously discovered features such as the effect on node production,

plant height and flowering node of the removal of cotyledons and the
effects of applications of gibberellic acid on plant height and first
flowering node; little difference can be noted with any of the othex
compouﬁds tested, Decotylised plants flowered earlier, were smaller
in total height and showed a reduced rate of node production over planis
with cotyledons, Giﬁberellin treated plants grew taller and flowered
later than non-gibberellin treated plants,

From visual ovusexrvatlons only, none of the treatments appeared to
increase the leaf area of decotylised plants, The fact that decotylised
plants show a responsé to gibberellic acid is about the only feature of
this experiment which gives any additional information to that already
known,

In the experiment kinetin and sucrose do not appear to affect the
growth of whole pea;plants but from an experiment of this type it is
-not possible fto say that either of these substances is completely
ineffective, Apparent ineffectiveness may be due to failure in getting
the substance to an area of the plant where it could act.

When considering the node to appearance of the first {lower IAA
and the interaction of GA x cotyledons is just significant at the 5%
level (see appendix 2(a)) and further experimentation would be necessary
before any conclusions could be drawn as to the true effect of IAA on
flowering cor of the apparent different effect of GA in plants with
cotyledons and those without cotyledons,

Ixperiments using labelled samples of the same materials, follow-

ing their movement in the plants and if necessary making applications
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to plant parts where the substance is absent would allow positive
statements to be made regarding the effectiveness or ineffectiveness
of the compound.,

Many compounds could be screened in attempts to find the active
fraction present in cotyledons and which has such a profound effect on
flowering and particularly growth of pea plants, Extracts of coty-
ledons could be made and tested but at present there is still no
indication whethexr or not the cotyledons are the source of an inhibitcr
of flowering or a promotor of growth or are acting as 'sinks' for the
destruction of already present inhibitors of growth in the embryo,
There is no evidence for supposing several compounds, some affecting
flowering and other affecting vegetative growth. A reduction in the
vegetative growth rate may in itself be the vrerequisite for- the
induction of flower brimordia,

From this experiment it is clear that none of the compounds tested

can overcome the effects of removal of cotyledons, by restoring to the
. . - - e |

plants a completely normal vegetative and floriferous growth pattern,




GENERAL DISCUSSION

Late varieties of Pisum sativum are quantitative long day plants
‘and can be vernalised (Barber, 1959).

During the course of the work presented in this thesis the follow-
ing results were obtained on the growth, development and flowering of
- four varieties of garden pea.
(1) From experiments conducted under true photoperiodic long day

conditions verification that late varieties of garden pea are quantit-

atively long day photoperiodically sensitive was obtained, Plants of _

the late varieties grown under long day conditions flower significantly
earlier than plants grown.pnder short day conditions,

(2) ILate varieties respond to & period of vernalisation by
initiating flowers at a significantly lower average node,

(3) The flowering pattern in early varieties is not affected by

the length of day in which the plants are growing.

(4) Early varieties respond negatively to a period of vernalisation

by initiating flowers at a slightly higher average node,

(5) The tall late variety responds more markedly to photoperiod
and to vernalisation than does the dwarf late variety,

(6) Various intensities of illumination incident on plants of all
four varieties greatly affected the growth rate, resulted in a marked
decrease in dry weight as measured at the time when flowering commenced
but did not affect the node at which the first flower occurred,

(7) Different ratios of red/far red supplementary illumination
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do not affect flowering in the two late varieties iested,

(8) High intensity blue light does not affect flowering in the
two late varieties tésted.

(9) Presence or absence of root nodules and various growth media
were tested but these did not affect the node at which the first flower
occurred in any of the four varieties tested.

(10) Applications of gibberellic acid (GAB) cause marked increases
in length of internodes of all four varieties, There are no signifi-
cant differences in internode lengths between short day and long day
grown plants,

(11) In the early varieties with or without gibberellic acid
there are no significant differences in the node of appearance of the
first flowers in either short day oxr long day growth conditions,

(12) There is a slighit but significant delay in fruit set in
the early varieties after applications of gibberellic acid,

(13) Late varieties of pea given applications of gibberellic
acid show a significant delay in first flower formation particulaxly
under shorf days and this is particularly noticeable in the natural
dwarf late variety,

(14) In both late varieties either under short days or long
days there is a delay in the node at which the first fruilt is produced
after applications of gibberellic acid,

(15) Plants of the two late varieties grown in long days show
marked increases in dry weights over non~treated plants, The increased

dry weights between gibberellin and non gibberellin treated plants is

greater in the natural dwarf variety than in the natural tall variety.



(16) Plants of both the late varieties with or without.gibber—
ellin applications respond to a period of vernalisation by initiating
flowers at a lower average node,

(17) Plants of the dwarf late variety given applications of
gibberellic acid and thereby given the phenotype of a tall variety
respond to phptoperiod and to vernalisation in a manner similar to
that found in the natural tall variety.

(18) Removal of the cotyledons in all four varieties results in
‘a decrease in plant height and leaf sige.

(19) In the dwarf late variety sequential removal of the coty-
ledons at 24 hour intervals commencing 18 hours after planting showed:-.
(a) that plants which had their cotyledons removed prior to 90 hours

failed to survive and at 90 hours 50% of all plants survived;

(b) that plants which had their cotyledons.removed prior to 240 hours
were smaller in height and leaf area and showed reduced vegetative
growth rate over plants which retained cotyledons or had them |
removed after 240 hours;

(¢) +hat plants which had their cotyledons removed prior to 140 hours
flowered significantly earlier than plants which retained their
cotyledons or had them removed after 140 hours;

(d) that with respect to vegetative growth and flowering the earlier the
removal of the cotyledons the more marked the-promotion of flower-
ing and the decrease in vegetative growthlrate.

(20) In the dwarf late variety the cotyledons are not the site
of perception of the cold stimulus of a period of vernalisation, Decoty-

lised plants can be effectively vernalised,
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(21) Aqueous extracts of pea cotyledons when applied to decotylised
plants of the dwarf late variety appear to be iﬁeffeotive in restoring
to the plants the normal vegetative wvigour or flowering pattern of
plants with cotyledens,

(22) In the dwarf late variety removal of parts of cotyledonus
showed the following results:

(a) That as little as one quarter of the cotyledon complement
remaining attached élléwed the plants to flower normally.

(b) That one complete and undamaged cotyledon remeining attached
is sufficient to allow for normal oxr near normal vegetative
growth,

(23)  In the tall late variety removal of cotyledons prior to
140 hours affects the vegetative vigour of the plants in a similar
way to that already described but does not appear to affect flowexring.

(24) Applications of sucrose, gibberellic acid, indolyl acetic
acid and kinetin to decotylised plants of the dwarf late variety indi-
cated the following - ,
(a) that sucrose, kinetin and indolyl acetic acid do not appeaxr

to be effective in restoring normal.growth ana flowering

pattern to decotylised plants, but have some effect.

(b) that gibberellic acid causes increasesnin internode lengths,
does not affect the vegetative growth rate and causes a
similar delay in flowering to that pfeviously found.. The
effect of the gibberellic acid is the same when applied
singly or in cpmbination with any or all of the other test

substances.

00,



(24)(c) +that there is an interaction between gibberellic acid
' and cotyledons with gibberellic acid eliciting a more
marked response when applied to decotylised plants than
when applied to plants rétaining their cotyledons,

(See appendix 2b),

The early work presented in this thesis and summarised in (1) -~ (4)

of this discussion formed the basis for further experimentation, The
early experiments were, for the mést part, verification of previous
work by other workers but unlike the previous work gave results which
were open only to a single interpretation and as such allqwed for the
expectéd performance of any variety under any particular set of cone
ditions to be laid down, This information was valuable in the future
work since control plants in most experiments could be compared with
the results obtained during the first experiments on day length and
temperature,

Little need be said about the second section of the study where
attempts were made, under controlled environmental conditions, to
simulate selected differences bhetween the normal growth cabinet cone-
ditions and the conditions experienced by plants in the field, All
the tested conditions of varying light quality and quantity plus dif-
ferent growth media and presence or absence of root nodules failed to
affect the flowering pattern. Downs et al. (1958) recorded marked
differences in the flowering behaviour of & number of long day species
between plants given fluorescent and plants given incandescent supple-
mentary light to give the inductive long day. Pirenger and Cathey

(1960) reported the earlier flowering in Petunia, a quantitative long
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day plant, when the supplementary light was from an incandéscent
source and the marked delay over these plants when the supplementary
light was from a fluorescent source, and Paleg and Aspinall (1964)
noted the earlier flowering in barley when at least some of the
supplementary light was from an incandescent source,

"~ No effects could, however, be detected in the experiments with
pea plants grown under various ratios of red to far red supplemenfary
light,

Went (1953), Kramer (1957) and Highkin (1956 and 1960) studied
the effects of constant temperature on growth of various species and
all came to the conclusion that this abnormal environment was detri-
mental to growth, Fluctuations in temperature improved growth in
the test species and Hillman (1956) showed that the injury in éomato
plants resulting from growth in continuous light could be overcome by
alternating the temperature. This work supports the theory put for-
ward that the fluctuating temperature in the field enhances the growth
of pea plants and is perhaps responsible for the noted promotion of
flowering.

A considerable review of the literature on the effects on growth
of applications of gibberellic acid was undértaken in the introduction
to this thesis and it will now suffice to almost exclusively limit the
discussion to the effects which gibberellic aciﬁ,has on flowering.
Sachs et al. (1967) reported on the effects of gibberellic acid on

flowering in Fuehsia hybrida cultivar 'Lord Byron' and noted the com-

plete inhibition of flowering in this gqualitative long day plant after

applications of gibberellic acid, The gibberellic acid was applied to



the terminal bud and repeated applicationé could completely inhibit
 flowering even under highly inductive phbtoperiods. Haxrder and

Bunsow (1958) found that gibberellic acid would inhibit flower initiation
in Kalanchoe,

In plants which show a qualitative response to the environment a
particular environment must be encountered before flowering or some othexr
feature will be manifest, A quantitative response to the environment,
on the other hand, shows as a promotion or delay in some feature of
development, In the experiments of sections V and VI the delay in
flowering following applications of gibberellic acid was vepeatedly noted
and it ooﬁld be postulated that the-delayknoted in the pea (a quantitative
long day plant) is analogous with the inhibition which Sachs found in
Fuschia (a qualitative long day‘plant). Repeated applications of
gibberellic acid to pea plants will not indefinitely delay the onset of
reproductive growth but even the shortest of photoperiods will not inhibit
flowering.

After application of gibberellic acid the natural tall variety
Telephone, used in the present study, was not as markedly delayed in
commencing to flower as was the dwarf late variety Greenfeast, and the
suggestion could be put forward that the mechanisms involved in the
flowering of Telephone, which has endogenous GA or GA like substances,
are more easily able to cope with increased concentrations of gibberellic
acid, In both the late varieties under short day conditions the delay
in flowering due to gibberellic acid applications is greater than under

long day conditions,  Since there is a natural delay under short days
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it could be proposed fhat the slower rate of production of a floral
stimilator or destruction of a floral inhibitor to the critical level
which would allow flowéring to commence might be more adversely affected
by the introduction into the plant of inhibitors or delay causing com-
pounds when the plants are growing under short photoperiocds than when
the plants are growing under longer photoperiods.

Guttridge and Thompson (1964) postulated that the native hormone
in strawberrieé acts simultaneously as a vegetative growth promotor and
inhibitor of flower initiation. Sachs et al. (1967) discussed the
promotion in floweriﬁg which results from using growth retarding chemicals
which probably lower the level of naturally occurring gibberellins,

In the present work the relatively greater response to Aay length
and temperature in the variety Telephone over the variety Greenfeast and
the imposition on the variety Greenfeast of a pattern similar to that
found in Telephone after Greenfeast plants have received gibberellic
acild would fit nicely into the theory of an antagonism between vegetative
growth and reproductive growth, The increase in dry weight of gibber—
ellin treated plants over non-gibberellin itreated plants would give
further support to this hypothesis,

The much decreased dry weights recorded in the shaded plants of
Experiment V over non-~shaded plants but this ineffectiveness of shading
in altering the node to the appearance of the first flower would, hoyever,
tend to suggest that there is not a simple relationship involved and that
it is not possible to say that by reducing the vegetative growth rate

flowering will be promoted in every case, Nevertheless it does appear
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that under certain conditions by reducing the vegetative growth rate
flowering can be acqelerated. The effect of growth retarding chemicals
in bringing about e;rlier flowering can be reversed by simultaneous
applications of gibberellic acid (Stuart 1961; Batjer, Williams and
Martin, 1964; Cathey, 1964 and Sachs, 1966),

The cotyledons of the gardén pea have been shown to have a pro-
found effect on the growth and flowering of the plants. Several
suggestions have already been put forward concerning the mode of action
of the cotyledons in elther supplying & promotor of growth or acting as
a 'sink' for the destructicn of an inhibitox, Activity in the coty-~
ledons commences during the early hours of germination and in response
to a signal from the axis tissue (Varner, Balce and Huang, 1963). These
workers noted that very early removal of the cotyledons resulted in the
very rapid senescence of the cotyledonary mass. If the cotyledons
were removed at a slightly later stage, after receiving the stimulus
from the axis, normal amylase and phosphatase activity woul@ continue
in the excised cotyledons.,

Vyvyan (1924) and Went (19%8a, and 1938b,) showed that the growth
of mesophyll Qf leaves was dependent on materials stored in the coty-
ledons of pea, Bonner_(1959) tested cotyledon extracts. Pure substances
which included a number of substances in the vitamin B complex were
applied to decotylised pea plants, In a few cases & return of some of
the vegetative vigour of control plants was aéhieved but in no case even
with applications of all the knowh cotyledon substances could completely

normal plants be produced (Bonner, 1942).
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_ Considering only vegetative growth the inference is of a two way
system, The production and/or mobilisation of materials stored in
the cotyledons and necessary for growth of the embryo being triggered
off by a stimulus to the cotyledons coming from the axis, The work
described, however, indicates an undisooﬁered factor or factors which
would allow for completely normal growth.

The complete failure to survive amongst plants which had their
cotyledons removed prior to 90 hours might be explained by proposing
that at 90 hours none of the necessary growth factox had passed from
the cotyledons into the axis,

In the present work the normal flowering pattern was observed if
plants retained their cotyledons for up-to 140 hours but for normal
vegetative growth the cotyledons had to remain attached for at least
240 hours, This might indicate two systems, one controlling vegetative
growth and the other flowering or might be due to a different balance of
the same substances 1n a single system, The hypothesis could be put
forward that for meristematic activity to commence in the apical meristem
of the embryo a certain concentration of some growth fadtor must be
reached in the axis, Thereafter, higher concentrations which would be
gained from leaving the cotyledons attached for longer periods would
progressively improve the vegetative growth to the stage at which the
optimum concentration would be present and which would allow for normal
growth, This stage being reached at about 240 hours after planting at

o

207°C, The earlier flowering, as suggested, might be due to the absence

of an inhibitor or to the removal of the cotyledons resulting in a flower
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promoting substance not being destroyed, On the other hand it again
might be proposed that the severe reduction in vegetative growth noted
wnen cotyledons are removed prior to 140 hours is in itself sufficient

to promote earlier flowering. Wheeler (1966) showed that the removal

of cotyledons at an early stage in the Dwarf French Bean (Phaseoygg
vulgaris) resulted in a marked reduction in the final area of the primary
leaves due to a decrease in cell size and number, A marked reduction in
leaf size was noted in the experiments described in this thesis and was
carried a stage further b& the observation that the leaf area in all
leaves, not only the primary leaves, was reduced,

Severél growth substances were tested and shown to be ineffective
in restoring normal growth pattern or flowering behaviour to decotylised
plants, The profound effects of the cotyledons on growth and flowering
remain at this stage unanswered. Later research may show the cotyledons
of pea to be the site of production of the 'colysanthin' of Barber (1959)
or the site of destruction of the 'florigen! of Melchers and Lang (1948).
Equally possible, however, is the suggestion that no compound will be
found to be uniquely associated with flowering and that the change from
vegetative growth to reproductive growth may result from a change, and
possibly only a slight change, in the balance of already existing growth
regulators (Ross, 1962) . The cohspicuous faiiure to find a compound or
compounds which universally promote or delay, induce or inhibit flower-
ing throughout the range of flowering plants fits slightly better the

suggestion of a fine balance of compounds rather than the production of

totally new compounds,
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.The role of the pea cotyledons may be that of a regulator of
relative amounts of different plant hormones and may not be the pro-
duction site of a new compound itself capable of promoting flowering

or by regulating the wvegetative growth allowing for floral induction

to commence,




Appendix 1.  Analysis of variance of results of Experiments

ITT and IV, Tables VIIT and X on flowering in

Greenfeast and Telephone varieties of garden pea.

Variance

Source df. | Sum of Squares | Mean Square Ratio
Replicates 9 34,67 3,85 1,766
Daylength 1 662,67 662,67 303,97

Temperature 2 301,67 150,84 69.19
Daylength x
Temperature 2 256,43 128,22 58.81
Residual 105 250.93 2.18 -
Total 119 1,506,37 - -
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Appendix 2(a) Analysis of variance of results of Experiment XVIITI,

Table XXXV on node to first flower in the Greenfeast

variety of garden pea,

Source af. Sumlof Squares | Mean Sguare V;ziigce
Replicates 4 2.975 0.744 0.458
Cotyledons 1 119.6 119.6 73.69

GA, 1 490.0 490.0 301.91
X A 0.0 0,0 0.0
S 1 0.025 0,025 0,0015
TAA 1 6.4 6.4 3.943
GA x cotyledons | 1 6.4 6.4 3.,943%
GA x TAA 1 2.5 2.5 1.54
IAA x cotyledons 1 3,65 3.65 2.24
TAA x K 1 3.6 3.6 2,22
X x cotyledons 1 0.0 0.0 0.0
S x cotyledons 1 0.3%25 0.325 0.2
GA x K 1 0,1 0.1 0,06
GA x S 1 0,025 0.025 10.0015
Kx8S 1 4.525 4.525 2.78
S x IAA 1 0.215 0.215 0.132
Residual 140. 227,26 1.62%28 -
Total 159 867.6 - -
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Appendix 2(b) Analysis of variance of resulits of Experiment XVIIT,

Table XXXV on plant height in the Greenfeast variety

of garden pea.

Source af. | Sum of Squares | Mean Square V;ii?gce
Replicates 4 44,187 11,047 0.414
Cotyledons 1 42,%15,025 42,315,025 | 1,586.25

GA 1 39,000,025 39,000,025 1,461,98
GA x ootyledons¢ 1 9,394.225 9,3%94.225 352,16
TAA 1 0.025 0.025 0.009
K 1 40,00 40.00 1.499
S 1 60,025 60.025 2.25
Residual 149 4,074.955 26,676 -
Total 159 94,828,375 - -

4 All other first order interactions were tested

but none were significant.
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