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Abbreviations

Unless quoted from other sources the unita used in this thesis

are based on 8.I. the internaticnal system of units (1970),

abbreviated as quoted by Ellis (1971).

Standard mathematical and

chemical symbols have been employed as well as othex commonly used

abbreviations:-

second

minute

hour

day

metre

inch

gram

litre

count (radioactive)
disintegration (radicactive)
Curxie

nole = grax molecule

parts per million

leg hydrogen ion concentration
percent

relativa density = specific gravity
Wate

alectron Volt

degree Celsius = degree centigrade
revolution
nass/charge ratio (mass spectrometry)

distance from origin

distance of solvent front from origin

pico = 10O

nano = 10

micxo = 10O
milli = 10

kile = 10

¢cixca e approximately
exanple given
id est = that is

{chromatograns)
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WeVe
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Abbreviations (continued)

Greenwich Mean Time
Standard Exror
ultraviolet
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gas~-liquid chromatography

abscisic acid

indole acetic acid

gibberellic acid

2,3,5-exifodobenzoic acid

2-chloro-9-hydroxy fluorene-9-carboxylic acid-methyl ester
bis-trimothylsilyl acetamide

2,5-diphenyloxasole

oxygen~free nitrogen

2,3,5-triphenyltetrazolium chloride

trimethylsilyl



GENERAL INTRODUCTION

The development of the plant body i3 ultimataely determined by the
genotype and is nmodified by the environment. The regulation of cell
differentiation and extension is achieved not only by a diruct effect
of these determining factors upon each cell but also through effects
of one cell upon another, and cne group of cells upon ancther group.
Thus the various parts of a plant are interrelated in their development
and the sum of these 'correlations' determines the form of that plant.

An important aspect of this integrated develorment in bhoth shoots
and roots is the ability of the leading organ to mcdify the devalopment
of lateral organs. This ‘apical dominance', which is of considerable
physioclogical and agricultural intexest, has received relatively little
attention in monocotyledons, xoots and woody shoots. Canversely, much
conaideration has been given to the shoots of herbacecus dicotyledons,
especially legumes, in which apical dominance is chiefly nanifest as a
complete ox partial ‘correlative inhibition' of lateral bud growth by
the main shoot. This inhibition is produced by the apical bud or, more
precisely, by the young, growing leaves of the upper shoot in Phaseclus
(Weiskopf, 1927) and Pisum (Snow, 1929b). MHature leaves may inhibit
the growtih of buds in their own and other leaf axils of non-laguminous
plants (Goebsl, 1880) and were reported by Weiskopf {(1927) to have a

slight effect in Phaseolus and Pisum, although this was not confirmed

by Snow (1929b) for Pisum. Stem internodes (Waiskopf, 1927), cotyledons
(Dowtal, 1909), roots (Goebel, 1908) and other buds (Loeb, 1915) have all
been raported to inhibit hud growth in varicus species.

Barly investigators interpreted most correlative phenomena in terms
of nutriont availability. Thus it was bhelieved that the main shoot as
& xesult of its growth consumed all available nutrients or ‘growth

factors', thareby restricting the supply of these to the lateral buds



which therefore did not grow (seae Goebal, 19500). Loeb (191% ; 1923)
demonsgtrated that nutrient availability was a limiting factor in the
outgrowth of both axillary and foliar buds of Bryophyllum and concluded
that his data supported the ’nutritive‘® theory. Both Snow (1925) and
Thiwmann (1939) have pointed ocut the nalvety of this conclusion. Hever-~
theless, comspensatory growth effects do occur in plants other than Bryo-
phyllua (see ®.g. Jaceohs and Bullwinkel, 1953) and the pronctive effect
of various nutritive factors upon bud growth has been demonstrated in a
nuxber of species, including Phaseolus (McIntyre, 1973) and Pisua
(Nakamura, 1965). The nutritiva status of the plant, therefore, may
well influence the degree of apical dominance and must be considered as
possiblae factor in the mechanism of apical dominance (Gregory and Veale,
1957 ; Aaudus, 1959).

McCallux (1905 a; b) demonstrated, however, that the cotyledon
axillary buds of Phaseolus could grow out aven under unfavourahle
nutritive conditions and that this ocutgrowth was not a response to
wounding: he concluded that inhibition was not the result of restriction
of nutrient supply, espacially in view of tha close proximity of these
buds to the cotyledons, which are the major nutrient source in young
Phaseolus seedlings, Other experiments with Vicia (Mogk, 1913) and
Phaseolus (Child and Dellsmay, 1920 ; Harvey, 1920) were taken as evidence
against the 'nutritive' theory and led Snow (1925) to experimentally
investigate the possibility, alrxeady suggested by Errera (1904) and
considered by Dostal (1909) and Loeb {(1917), that ianhibitory substances
wmight be responaible for correlative inhibition. Snow's approach was
to trace the patiway through which the inhibition of lateral bud growth
could travel. He discovered that inhibition could pass through a zone
of sten internode from which all tissues outside the xylem had been
removed. Ha further showed the passage of inhibition through pith alone

and xylem alone, and also confirmed Harvey's (1920) dexonstration that



living tissue is required for the transmission of ianhibition. Snow
finally claimed to have shown the pwvement of inhibition across a moist
protoplasmic discontinuity and interpreted his results as unequivocally
indicating the involvement in apical dominance of the movement of an
inhibiting asubstance.

Although Snow's (1925) experimental data were inadequate his
conclusion seemed to have been juatified upon the discovery of the
effect of indole acetic acid, then known as growth substance or hetero-
auxin, on apical dominance. Thimann and Skoog (1933 ; 1934) found that
isclated terminal buds of Vicia released growth substance (detected by
the Avena curvature bloassay) into agar and that similar amounts of
grovth substance isolated from Rhizopus and reapplied to the cut surface
of plants with their terminal buds remcoved could partially replace the
terminal bud with respect to inhibition of lateral bud ocutgrowth.

Growth substance was also produced by developing leaves and rapidly
growing buds but not by inhibited buds or older organs. Pure hetero-
auxin could alsc inhibit bud growth on decapitated plants (&koog and
Thimann, 1934) and it has since bean generally accepted that indole
acetic acid (IAA) does play a major role in apical doninance. Jacobs
(1958) , however, has outlined six requirements that need to be met
before it can be concluded that a particular substance normally controls
a given biological procasa.

Firstly, the presence of the substance in the intact organism must
be demonstrated. The presence of auxin in young, green tissues of
leguninous plants has heen amply confirsed by both extraction (s.g.
Forman, 1938 ; Shoji et al,, 1951 ; Kefford, 1955 ; Scott and briggs,
1960) and ccllection in agar (e.g. Le Panu, 1936 ; Scott and Briggs,
1960 ; Libhert, 1964a) but its identification as IAA has beern based on
non-specific tests such as co~chroumatography with authentic IAA, bioassay

and chromogenic reactions.



Secondly, removal of the substance should stop the process., It
is nmainly the young growing tissues of the shoot which contain much
auxin (e.g. Perman, 1938 ; Shoji et al., 1951 ; Kefford, 1955) and it is
the remwoval of these which bhreaks apical dominance (Weiskop®, 1927 ;

Snow, 19259b).

Thirdly, exact quantitative substitution of the endogenous substance
with artifical substance after the removal of the former should lead to
reimposition of the proceds, Complete inhibition of lateral bud growth
has been maintained for at least a week by exogenous IAA applied to decap-
itated plants in ajqueocus molution (Skoog and Thimann, 1934 ; Soott and
Pritchard, 1968) or in lanolin paste (Seb&nek, 1966 ; Phillips, 1968).
The concentrations of IAA used in these studies, however, were high
coupared with endogencus auxin levels (e.qg. Xafford, 1955) and even
these have often been found to be only partially effective (Went, 1939 ,
Phillips, 1971la ; Shein and Jackson, 1972). Concentrationzs of applied
IAA thought to be more akin to those found endogencusly either had little
affect on (Scott and Pritchard, 1968 ; Hillman, 1970) or actually promoted
lateral bud growth (Meinl and von Guttenberg, 1954 ; Sebanek, 1966 ).

Faew attempts have been made at quantitatively replacing apically

rproduced auxin with IAA. Thimann and Skoog (1934) found that 10 times
the auxin 'diffusing' from shoot tips of Vicia had to be applied to
completely prevent bud growth and Jaccobs et al. (1959) obtained no effect
on bud growth of Coleus with a concentration of IAA which exactly replaced
the upper shoot with respect to hoth 'diffusible’ auxin and the promotion
of xylem differentiation in the stem. Conversely, Libbart (l19o64a),
using a similar technique, claimed that lateral bud growth of Pisun was
inhibited by a concentration of IAA which exactly replaced the upper
shoot. These undertainties surrounding tho effect of applied IAA have
led to the expression of sariocus doubts about the role of IAA in apical

doninence (Meinl and von Guttenhery, 1954 ; Jacobs et al., 1959



Shein and Jackson, 1972).

Fourthly, the substance should influence the process in isolation
from the rest of the organism: IAA doeam inhibit the growth of buds on
isolated nodal segments of Phaseclus (Meinl and von Guttenberg, 1954)
and Pisua (Wickson and Thimann, 1958). Fifthly, the generality of the
effect should be shown: the roview of Thivann (1939) indicates tha
wide range of plant species in which auxin affects lateral bud growth.
Lastly, the effect should be specific to the substance undexr study:
this i3 not strictly true for IAA in apical dominance but the signif-
icance of inhibition of bud growth by other chemicals (e.g. Meinl and
von Guttenberg, 1354) is doubtful.

Before the discovery that IAA inhibited lateral bud growth it had
bean shown that the movement of IAA in isolated segments of plant tissue
was primarily in the bLasipetal direction (van dex Weij, 1932). Thimann
and Skoog (1934) envisaged the action of IAA in apical dominance
involving the basipetal translocation of IAA from the terminal bud
towards the lateral buds and this view is implicitly accepted in wmost
of the theories on IAA action in coxrelative inmhibition. That the trans-
location of applied IAA in segments of plant tissue is predouinantly basi-
petal has besen repeatedly demonstrated for many plant tissues (sse :
Goldamith, 19€9), including the young hypeocotyl (Jacobs, 19%0 ; hLay, 1956),
epicotyl (Hay, 1956 ; Whitehoume and Zalik, 1967) and peticle (McCready
and Jacobs, 1963) of Phaseolus. There is far less evidence that basi-
petal transport of endogenocus auxin occurs. The work of Scott and
Briggs (19€0) suggested that there was a basipetal flow of endogencus
auxin in stens of Plsuum: the movement of auxin frow isclated shoot tipe
into agar is also, perhaps, indicative of this.

The application of radioactively labelled IAA to intact plants has
usually involved Lﬁn introduction either directly or indirectly into the

vascular system (Pang and Butts, 1957 ; Little and Blackman, 1963 ;



Whitehouse and Zalik, 1967 ; Eschrich, 1968 ; Long and Basler, 1973).

In these cases radioactivity was distributed both acropetally and basi-
petally, but the results may not be relevant to the normal movement of
endogenous IAA. The much more useful approach of radiocactive IAA
application to the apical region has recently provided evidence of a
system for the basipetal translocation of IAA in intact plants of Pisum
(Morris et al., 1969 ; Morris and Kadir, 1972 ; Morris et al., 1973) and
Vicia (Bonnemain, 1971 ; 1972 ; Bourbouloux et al., 1973). None of these
studies, however, was directly related to apical dominance.

Same information on the transport of both applied and eandogenous
auxin in apical dominance has been obtained from the use of 2,3,5-tri~
iodcbenzoic acid (TIBA), which inhibits IAA transport (Niedergang-Kamien
and Skoog, 1956). Kuse (1953) found that TIBA applied to the petiocle
of a young leaf of Ipomoea blocked the inhibition of bud growth by both
the leaf blade and IAA applied to the debladed petiole, Similarly,

TIBA prevented the inhibition of lateral bud growth by IAA applied to
the top of a decapitated plant of Pisum (Libbert, 1959) and Vicia
{(Panigrahi and Audus, 1966). Recently, a similar breakage of IAA-~
induced inhibition of bud growth was shown to be caused by one of the
morphactins (Krelle and Libbert, 1963) which also inhibits IAA transport
(Bridges and Wilkins, 1873). Only Panigrahi and Audus {(1966), however,
checked that IAA transport was inhibited, the other authors using bud
growth as an indication of the effect of the chemicals on IAA transport
rather than the other way round.

Thimann and Skoog (1934) proposed a mechanlsm of apical dominance in
which apically produced auxin moved down the stem and thence into the
lateral buda, there preventing the buds' own production of auxin. Thimann
and Skoog maintained that this concept was supported by the fact that
lateral buds released no auxin into agar unless they were growlng, and

Sachs and Thimann (1967) have developed the idea, suggesting that the



balance between external and internal auxin supply to the buds might,

be mediated by cytokinin levels. Thimann (1937) modified the 'direct'
theory of auxin action, proposing that the amount of auxin which reaches
the lateral buds fro: the main shoot is supraoptimal and thus inhibitozy
te bud growth. The 'direct' theorvy in both its forms, although supported
by Skoog (1939}, has received much criticism. Its most active antagonist
was Snow, who in a series of axperinents demonstrated that inhibition
could travel where auxin apparently could not (Snow, 192%a ; 1931b ; 1936 ;
1937 ; 1938 ; 1939 ; 1940), Snow's arguaents, however, as pointed out
by Audus (1959), ware bascd on the belief in almost totally basipaetal
transport of IAA, which may not in fact be the case in intact plants,
Furthermore, Wickson and Thimann (1960) showed that in Pisun the amount
of [l‘C]IAA moved into lateral buds was directly proportional to the
amount of inhibition produced by IAA, although the significance of this
observation is clouded by the fact that the expaeriments were carried

out with isolated nodal segments,

The most telling evidence againat the 'direct’ theory has been
obtained from investigations involving the extraction of growth sub-
stances from inhibited lateral buds, which on the hasis of the ‘direct’
theory should contain high levels of auxin. Small amounts of auxin
activity only were extracted from {nhikited lateral buds of Lupinus
(Pexman, 1938) and Pisum (van Overbaek, 1938) and none, using chromato-
graphic procedures, from lateral buds of Vicia (Kefford, 1255) or Pisun
(Denizci, 1966). That low concentrations of applied IAA can actually
promote bud growth on decaplitated plants {Ferwan, 1938 ; Went, 1939 ;
Sebfinek, 1966 ) also militates against the 'direct’ theory. Furthar
evidence difficult to explain by the 'direct' theory is the demonstration
in Pisua that inhibition of bud growth hy either young leaves (Snow, 133ia)
or applied IAA (Wont, 1939) increased with distance of tha bud from the

inhibiting region, although Thimann (1937), also with Pisun, could detect



no such increase of IAA-induced inhibition with distance. Both Audus
(1959) and Phillips (1969a) have concluded that the weight of evidence
against the 'direct' theory suggests it iz no longer tenable.

With a series of experiments, the xesults of many of which he found
difficult to explain in terms of the 'matritive’ or 'lirect' theories,
Snow (1925 ; 1929a ; 1931a;» ; 1932 ; 1936 ; 1937 ; 1938 ; 1939 ; 1940)
davaloped what has become known aa the ‘correlative inhibitor' theory:
it was propos»d that, RS a result of auxin action, by a process perhaps
related to growth, there occurs the formation of an isnhibitor, which
unlike auxin can move intc lateral bhuds; although the ishibitor i=
present in both main aten and lateral huds its effect is only evident
in the latter hecause basipetally moving auxin in the wmain shoot protects
it from inhibition. Unlike the theoriea alreacdy considered the
'correlative inhibitor' theory as envisaged by Snow, or with only slight
modifications, can explain most of the availahle evidence on correlative
inhirition. Aluost as a corollary of this statement, there is very
little positive evidence to support the theorv: Saow's experiments,
rather than providg his own theory, were largely designed to disprove
others.

Thimann (193%9) coacluded that the ‘correlative inhibitor' theary
remained open and little has occurréd since to change that view. In a
series of experimaents with Pisum Libbert (19535a, b, ¢ ; 1964b) claimed
to have isolated a substance which exhibited the characteristics required
of a correlative inhibitor but this work has been criticized by Audus
{1959) on the grounds that these characteristics were determined on crude
extracts. Fur thermore, no attempt was nade to estizate changes in the
level of this inhibitcor in lateral buds before andi aftex decapitation of
the main shoot (all Libbert's extracts were from the main shoot).

Kefford (1955) extracted seedlings of Vicia and detected IAA-like

activity in the main shoot but inhibitory activity like imhidbitor £



(Bennet-Clark et al., 1952) in the lower lateral bud. D3xffling (1965 ;
196€6) has isolated at least 2 inhibitors, one like inhibitor 1, from

stens of Pisun: neither of these inhibitors resesbled Libbort's, although
both could inhibit lateral hbud growth. Unfortunately, although DBxffling
{1963, 1364) has corralated levels of inhibitor £ in buds with correlative
inhibition in Acer he has not done this with Pisua.

Dbrffling (1967) further claimed to have demonstrated the existencs
of abscisic a2cid (ABA) ir Pisum and Arney and Mitchell (1969), having
shown ABA-tnduced inhibition of lateral bud growth in Pisum, suggested
the possibility that ABA might be the cor:elativé inhibitor proposed by
Snow. Hillman (1970), however, detected no such effect of ABA in
Phaseolus, although ABA could fncrease the inhibitory effect of other
hornones. In non-legumes the levels of inhibitory substances like ARA
{(Tucker and Mansffeld, 1972 ; 1973) or unlike ABA (Goodwin and Cansfield,
1967 ; Blake and Carxodus, 1370) have heen correlated with apical
dominance.

wWwent (l936) suggested a modification of the 'nutritive’' theory
that has becone known as the 'nutrxient diversion' theory: endogenocus or
arplied auxin creates a flow of bud growth factors towards its point of
production or application, thus creating the sase type of starvation of
lateral buds suggested in the 'nutritive' theory. Went (1938 ; 1939)
further cbtained evidence that root-produced factors were required for
bud growth and that factors promotory to bud growth accumulated in IAA-
treated decapitated internodes. Although manvy of Snow's (1925 ; 192%a ;
1932 ; 1937 ; 1940) expariments are dif€ficult co explain on the ‘'nutrient
diversion' theory and Thimann (1939) discounted the idea, it has heen
revived in recent yoars, There is now a considerable hedy of avidence
that applied IAAR can rapidly induce accumulation of I‘C or 32? labelled
conpounds at the region of IAA application (e,g. Booth et al., 1962 ;

Davies and Wareing, 1965 ; Sebfnek, 1965>) and that bud growth and



nutrient availabilicy are correlated {s.g. Gregory and Veale, 1957 ;
nakamura, 1965 ; Busain and Linck, 1966 ; melntyre, 1973). Thimann
{1337) has demcnstrated, howsver, that IAA application leads to a lowering
of the overall increase in dry weight of decapitated shootm rathaer than
werely a diversion of naterial from the lateral buds to the decapitated
internode. Phillips (19€8) abtained similar results on examination of
tha levels of nitrogen, phosphorus and potassium in IAA and non-~IAA
treated plants. A rore important cbjection to the involvemant of IAA-
induced nutrient diversion in apical dominance was the discovery that

two concentrations of IAA, cone that pratoted and the othor that inhibited
lataral bud growth, both f{nduced accumulation of 32? at their point of
application (§cb$nck. 1966 ). Most of the cbjections to the ‘nutritive’
theory also apply t¢ the 'nutrient diverxsion' theory and Thimann (1939)
has pointed ocut that the fact that buds on isclated nodal sections

grow out is difficult to axplain if nutrients or factors from other parts
of the plant are reguired for bud growth.

The theory originally devised by Went (193¢ ; 1938 ; 1939) Ainvolved
the diversion of specific root-produced bud growth factors rather than
nutrients away from the buds and Phillips (196%a) has suggested that
perhaps root-produced cytokinins are required for bud growth and are
diverted towards the upper shoot. Direct application of a cytokinin
to an {inhibited lateral bud does partially release the bud from
corralative inhibition (Sachs and Thimann, 1964 ; Panigrahi and Audus,
1966 ; Ali and Fletcher, 1970b), cytokinins appear to be produced in
the xoots (Losffler and van Ovarheek, 1964 ; Sitton et al., 1967) and
IAA can influence the novement of applied kinetin in plants (Seth et al.,
1966 ; Morris and wWinfield, 1972) but there is little positive evidence
that endogenous cytokinins might be fnvolved in apical dominance.

Van Overbeek (1938) suggested that growth factors, rather than

being diverted towards the upper shoot, were prevented from entexing
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the lateral buds by a direct effect of auxin on the vascular system.
Gregory and Veale (1957) modified this idea with the proposal that auxin
might prevent differentiation of vascular strands into the lateral buds.
IAA does influence vascular differentiation (Jacobs and Morrow, 1957)
and a correlation between vascular development and bud outgrowth has
been noted in Pisum (Sorckin and Thimann, 1964), Phaseolus (Moreland,
1934) and Vicia (Panigrahi and Audus, 1966). This theory, however,
could only account for the inhibition of weakly developed buds, not of
well grown shoots.

Recently, scepticism about the evidence for all the classical
theories of apical dominance has led to the proposal of a 'hormone
balance' theory: lateral bud growth is controlled by the general back-
ground hormone balance of the plant (Shein and Jackson, 1971, 1972 ;
Jackson and Field, 1972). The experimental evidence for this idea,
however, is limited. The evidence for auxin involvement has been
described but is doubted by Shein and Jackson (1972). The limited
evidence for ABA and cytokinin involvement in apical dominance has also
been outlined.

Gibberellins can influence the expression of apical dominance
(e.g. Marth et al., 195¢ ; Brian et al., 1959 ; Ruddat and Pharis,
1966) but these effects are all explainable in terms of a gibberellin-
induced promotion of the growth of already-elongating shoots (Phillips
1969a) , except perhaps the reports that gibberellin can enhance IAA-
induced inhibition of lateral bud growth (Jacobs and Case, 1965 ;

Scott et al., 1967). This latter effect, however, could not be
confirmed by numerous workers (e.g. Kato, 1958 ; Nakamura, 1965 ;
Hillman, 1970 ; Ali and Fletchex, 1971) and, after a detailed examin-
ation of the praoblem, Phillips (1969b ; 197la, b) concluded that
gibberellin could sometimes enhance inhibition by IAA but only by

pramoting the growth of the decapitated internode.
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Applied plant hormones often show interactions in thelr efZect on
bud growth (Davies et al., 1966 ; Hillman, 1970 ; Ali and Fletchar, 1970Db,
1971 ; Shein and Jackson, 1971, 1972 ; Jackson and Field, 1972) and finter-
actians between known plant hormones and other chenicals have been implic~-
ated in apical dominance (Libbext, 1954b ; Giertych, 19€4 ; Touaszewski,
1964 ; Garxg, 1966). The possibility that a balance of hormonal factors
controls apical deminance cannot be discounted, but most available
evidence can be interpreted on the basis of other theories and the
postulation of a ‘hormone balance' theory without detalls on the wode of
action of each hormone does not aid the interpretation of apical

dominance phencuena.
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INTRODUCTION

Since the discovexy of the possible involvenent of auxin in
coryelative inhibition, investigators into this problem have tended
to concentrate on elucidating the mechanism of auxin action. Most of the
theories on this mechanisnx accopt the involvement of the basipetal trans-
poxrt of indole acetic acid (IAA) from its point of production in the
upper shoot towards the lateral buds that it inhiibits. The application
of Jacob'-'(1959) rules to the pyroblem, however, reveals major flaws in
the evidence for the regulation aof apical dominance by IAA. Firstly,
the auxin isoclated from green shoots has naver been conclusively
identified as IAR. Sedondly, much greater amounts of IAA than those
isolated from shoot tips are usually required to replace the shoot tip
with respect to inhibition of lateral bud growth. Thirdly, the basi-
petal translocation of andogenous auxin has rarely been demonstrated;
in addition the well known basipetal polarity of transport of applied
IAA in segments of plant tissue has not been adequately confirmed in
intact plants.

Of the various nechanisas proposed for the maintenance of correlative
inhibicion the 'correlative inhibitor' and ’nutrient diversion' theoriee
sesx t0 be the wost generally acceptable. Much of the evidence for the
foruer theory and against the latter has enanated fxom the work of Snow,
which although conceptually and technically brilliant, was often unsound
in experimental design,

The aims of the current investigation were twofold; toc examine the
involvement of indole acetic acid in apical dominance and to reassess the
importance of Snow's investigations in relation to the 'correlative
inhibitor' and ‘nutrient diversion' theories. Seé¢dlings of Phaseolus
vulgaris were chosen as the experimental material in view of the

predominance of apical dominance work already performed with this species
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and otiier laguces. The work was split ianto four sections. Ia

Bection 1 the characteristics of apical douninance in Phaseolus were
carefully analysed. In Section 2 the involvenent of indola acetic
acid in correlative inhibition was investigated by the application of
exogencus IAA to decapitated plants, the gqualitative analysis of the
IAA~like auxin extracted or collected in agar from the major inhibiting
region of the upper shoot and the analysis of endogencus auxin transpoxt
by the application of IAA transport inhibitors to intact plants, In
Section 3 the distribution of radioactivity after application of [l‘c]IAA
to carefully selected ragions of intact plants has been guantitatively
and qualitatively scrutinized and compared with that after similar
application of 14c labelled sucrose, abscisic acid and gibberellic acid.
In Section 4 some of Snow's nore critical experiments have been rxepeated

and analysed.
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EXPERIMENTAL PROCEDURES

Unless it is stated otherwise the following experimental

procedures were adopted:-

1. PLANT MATERIAL

Seeds of dwaxf french bean, Phaseolus vulgaris variety ‘Can:dian

Wonder', were obtained from Hurst Gunson Cooper Taber Ltd., Withanm,
Essex, U.K. and stored at 10°C in darkness. Bean plants were grown
singly in plastic pots (8.0 cm diameter, 8.5 cm depth) containing a
standard compost mixture of topsoil:‘Eumax' Sphagnum moss peat:
coarse sanditlsl:l,

Seeds of garden pea, Pisum sativum variety ‘'Thomas Laxton',

were supplied by Thomas Cullen and Son Ltd., Witham, Eosex, U.K. and
stored at 10°C in darkness. They were soaked for 6 h in running
tap water and grown for 5 d in damp vermiculite (Alexander Products
Ltd., Burnham-on-Sea, Somerset, U.K.) at 25°C under continuous light
from Atlas ‘'Super Fivs White' 65/80 W fluorescent tubes (4 W -.2
intensity at plant level) before transfer into the standard compost
in 8 cm diameter plastic pots.

Plants were grown in a haated glasshouse with maximum and
ninimun temperatures of 35°c and 10°% respectively. Between the
months of October and May inclusively, 16 h supplementary lighting
was supplied daily from OJOQ h to 1900 h G.M.T. by 400 W 'GES NBFR
Koloxlux' high pressure mercury vapour reflector lamps in Atlas
‘HBR/G400' fittings (Thorn Lighting Ltd., Glasgow, U.K.). During
the rest of the year similar supplementary lighting was supplied daily
between 0300 h and 0700 h G.M.T. The lamps ware spaced 0.8 m apart

and hung 1.0 m above the plants.
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Batches of 3000 bean plants were grown in the standard compost
nixture in wooden fish-boxes, 40 x 25 x 9 cm, (50 plants per box) in
a glasshouse, either in natural daylight or with the supp’ementary
lighting. Batches of 10000 bean plants were grown in soil in plots,
3.5 x 1.0 m (5000 plants per plot) under 16 h supplementary light daily
from 1000 W ‘GES MBFR/U Kolorlux' high pressure mercury vapour reflector
lamps (Thorn Lighting Ltd.), 2 par plot, 1.3 m apart and 1.8 m above the
plants.

The qualities of the light sources employed are shown in Figure
1 A,B.

The terminology used for the various structures of bean and pea
plants is shown in Figures 2 and 3, which can be compared with photo-

graphs of these plants (Plates 1 and 2).

2. GROWTH EXPERIMENTS

A. Experimental conditions

Experiments involving the measurement of growth ware carried out
either in the glasshouse under 400 W lamps (see above, 'PLANT MATERIAL')
or in a controlled environment cabinet at 25 2°C under continucus or
16 h daily illumination from a bank of 65/80 W fluorescent tubes (Atlas
'Warm White':Mazda 'Universal Daylight'::1:1) 1 m above plant level.

The light flux at plant level in the controlled environment cabinet was
S Wm 2., The quality of light emitted by the fluorescent tubes is
shown in Figure 1 C,D.
Plants were moved into the cabinet at least 24 h before the beginning

of an experiment and were watered twice daily.

B, Mensuration

¥When possible, growth measurements were taken daily, at the game



Figure 1 : Spectral distribution of illumination from experimental

light sources; A °‘MBPR Kolorlux' mercury vapour lamp, B ‘White',

C 'Warm White';, D ‘Daylight' fluorescent tubes.
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Figure 2 : Diagrammatic representation of an approximately 3 week
old plant of Phassolus vulgaris.

Numbexs = node numbers.
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Pigure 3 : Diagramatic representation of an approximately 2 week
old plant of Pisunm sativum.

Mmbers = node numbers.






Plate 1 : A 21 4 old plant of Phaseolus vulgaris.




Plate 2 : A 17 4 old plant of Pisum sativum.










Plate 3 : A 2] 4 old plant of Ph. vulgaris surgically ringed at the
2nd interncde.

Arrow indicates ringed regionm.
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Plate 4 : A 21 4 old plant of Ph. vulgaris steam girdled at the
2nd interncde.

Arrow indicates girdled region.
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hydroxyfluorene-9-carboxylic acid-methylester.
The chemicals were stored at -8°C in darkness.
(11) Preparation

IAA was dissolved in a minimal volume of redistilled methanol
vhich was dispersed into either distilled water or hydrous lanolin.
Before dispersal into lanolin, ABA and CFM were dissolved in a minimal
volume of redistilled methanol, and TIBA in a minimal volume of
2-methoxyethanol. Bydrous lanolin was prepared from anhydrous lanolin
{(BDE Chenicals Ltd., Poole, Dorset, U.K.) by stirring in distilled water
vigorously until in excess. After the extra water was decanted and the
lanolin weighed, the appropriate weight of chemical was dissolved in

solvent and stirred vigorously into the lanclin for at least 10 min,
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The lanclin was subsequently kept at 40°C for 24 h with occasional stirxing

to evaporate the solvent. Lanolin pastes were stored at 2°c in darkness.
(111) Application
Aqueous solutions were applied to decapitated plants using
the method of Hillman (1970). A 3 cm length of rubber tubing (2 mm®
internal area) was pushed 5 mm onto the cut stump and sealed at the base
with hydrous lanolin. The reservoir so formed was filled with solution
at the start of the experiment and subsequently refilled daily. Every
24 a2 m section was removed from the cut stump and the reservoir
replaced.
Lanolin pastas were dispensed with a 1 ml disposable syringe,
either directly onto an intact plant as a ring around an internode, or

into half a gelatin capsule (numhar 2, Parke, Davis and Co., Hounslow,

London, U.K.) used to cap a decapitated internode.

E. Histological techniques

(i) Internode sections




fransversae sections, cut as thin as possible by hand with
a sharp razor blade, were stained with dilute thionine and mounted on
a glass slide in distilled water under a coverslip. The preparations
were ringed around the edge of the coverslip with DPX mountant (BDH
Chemicals Ltd.). Within 3 4 of preparation these temporary mounts
were photographed using transmitted light, cither directly or through
a nicroscope.

{(14) Node sections

Primary leaf uodes, including the primary leaf axillary
buds, primary leaf pulvini and 5 om of the lst and 2nd internodes,
were detached from the plant. Approximately 0.25 zm thick longitudinal
sections were hand cut from the node in the plane of insertion of the
primary leaves. The sections were placed in lactic acid, which was
brought to the boil and then allowed to cool. After 12 h the sections
were placed on a glass slide in lactic acid, covered with a glass cover-
slip and photographed directly using dark field illumination.

(141) vital staining

Begments of stem tissus were infiltrated under wvacuum for
15 min with 10 g 1”7} 2,3,5-triphenyltetrazolium chloride (EDH Chemicals
Ltd,) in distilled water, and subsequently incubated in this solution ,
in darkness at room temperature for a further 24 h, The ssyments were

blotted dry and photographed in direct light.

3. AUXIR ISOLATION EXPERIMENTS

A. Extraction and partitioning
Terminal portions of shoot, consisting of the apical bud, a young

trifoliate leaf (5 to 30 mm long) and 5 mm of the interncde balow the

leaf, were excised from 10 to 20 4 old bsan plants. They were sxtracted
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in darkness at room temperature twice with 500 ml redistilled ‘Analar’
methanol (sanough to cover the plant tissue). Each extraction was for
12 h. The bulked extract was evaporated under vacuum at 4o°c on a
rotary evaporator (Rotavapor-R, Buchi, Switzerland) until no more methanol
distilled over. The aquacus residus (25 to 30 ml) was acidified to
PH 3.0 with 2 mol 1™} HC1 and extractsd 3 times with 50 ml redistilled
diethyl ather. The ether was then extracted 3 times with 50 g 171
NAECO y solution (100 ¢+ 75 + 50 ml). After acidification to pH 3.0
with concentrated BCl, the agquecous phase was extracted 3 times with
175 ml ether. ‘Ths ether extragt was stored overnight at -15°c.
decanted while <~ 0°C and evaporated almost to dryness under vacuum at
3o°c on a rotary evaporator, The residue was dissolved in redistilled
'Analar’ methanol (1.0 + 0.5 + 0.5 ml), which was subsequently evapor-
ated under a stream of oxygen-free nitrogen (OPN) to a volume of c.
0.25 ml,

All glassware was rinsed 3 times with redistilled methanol as

well as with any other solvent with which it would be used.

B, Collection in agar

Ionagar No. 2 (Oxoid Ltd., London, U.K.) was dissolved in boiling
aistilled water to provide a 15 g 1 ' solution of agar which was moulded
into 2 ma thick blocks. Terminal portions of bean shoots (as described
above, 'Extraction and partitioning') were excised and placed with the
cut end of the internods just inserted into the agar. The agar blocks
ware ©@n glass plates on wet tissue paper in sandwich boxes enclosed in
transparent polythene bags, After 6 to 8 h at 25°C in continuous light
the plant material was remosad and the agar axtracted 3 times at 2°C
with enough redistilled 'Analar' methanol to cover it. The pooled

extract was evaporated almost to dryness under vacuum, and tha residus
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dissolved in redistilled ‘Analax' methancl, which was subsequently
evaporated under OFN to a volume of ¢. 0.25 mil.

All glassware wvas rinsed 3 times with redistilled methancl.

C. Chromatographic purification

(1) Paper chromatography
Methanoclic extracts were loaded under OFN onto 5 cm wide

strips of methanol-washed Whatman 3 MM chramatography paper. The
chromatograms were developed, without prior equilibrxation, for 30 cm
beyond the origin in the machine direction, with a descending solvent,
in darkness at room temperature. The sclvent was either butan-l-ol:
glacial acetic acid:distilled water::25:%5:11 (acidic solvent) or
propan-2-ol:ammonia (d=0.88):distilled water::8:1:1 (basic solvent).
All reagents were ‘Analar’ grade.

Marker chromatograns had 10 ug IAA loaded from 0.1 ml methanol.
The position of the IAA on the developed chromatograms was ascertained by
scanning the pattezrn of fluorescance under ultraviclet light or by
testing chromogenically (see below, 'Assay procedures’). Often, 0.5 ul

J'[!.-M(:l IAA (c. 9 ng IAA) was added to the origin of extract

0.1 mnol 1~
chromatograns as an internal marker. These chromatograms were run through
a chromatogram scanner (see below, ‘'Radiocassay’).
The region of each chromatogram which should include IAA was
sluted with a descending flow of ¢c. 1 nl zedistilled '"Analar’ mathanol.
The eluants were evaporated under OFN to o, 0.25 ml in preparation for
further papsr chromatography or thin layer chromatography (t.l.c.).
Chromatograms for bicassay were 2 cm wide strips of methanol-
washed Whatman 3 MM paper devaloped for 15 cm in the basic solvent.

(41) Thin layer chromatography

5 x 20 cm sheets of 0.25 mm thick silica gel on plastic

{Polygram Silc , Macherey-Nagel & Co., Dliren, West GCermany) were



washed with redistilled methanol. Extracts and marker IAA were loaded
under a strxeam of OFN onto a line 3 ca from the base of a sheet. The
chromatograms were developed in ascending solvent to 10 cm from the
origin. The solvent was either chloroformiglacial acetic acid::19:1
{acidic solvent) or methyl acetate:propan-2-ol:amsonia (d=0.88)::

9:7:4 (basic solvent). All resagents were of ‘Analar’ quality.

D. Assay procedures

{i) Ultraviolet scanning
Aftexr developing and drying all chromatograms wvere viewed
under 254 nm and 350 nm wavelength ultraviclet light from a Universal
UV Lamp Type TL-900 (Camag, Muttenz, Switzerland) and the positions of
fluorescent or abTorbent areas noted.

{i1) Chromogenic assay

T.l.c. sheets and marker papey chromatograms were sprayed

with Ehrlich's resgent (10 g 1~}

-1

p-dimethylaminobenzaldehyde {n 2 mol
1 7 HCl plus a few drops of ethanol) which was evaporated undex a hot
air stream from a hair dryer.
(111) Bioassay

a. Preparation. Developed paper chromatograms were cut
into segments, sach of which was put into a 2 dram vial (diameter 23 na,
height 35 wm) to which was added 0.75 ml phosphate-phosphate buffer
(9.9 mmol 1™t xu

PO 4’ 0.1 mol 1-1 Na _HPO ‘) or phosphate-citrate buffer

2 2

(10 mmol 1”1 x HPO,, 5 mmol 17% otrrie ast®) At pH 5.0. Standard

2
quantities of IAA were introduced to the vials in ) ml methancl which
was evaporated under OFN before buffer was added. Sections of
developed chromatography paper were also added.

The vials wexe left overnight at 2°C in darkness.

b. Incubation. Fruits of Avena sativa varjiety ‘Victoxy 1',

supplied by the General Swedish Seed Co. Ltd., Svaldf, Sweden, were



31

soaked in running tap water for 4 h, sown in damp vermiculite in the
sarly evening and placed in darkness at 25°C. On the morning of the
4th day after sowing, 5 mu segments were excised from 1 mm behind the
tips of 1 to 2 cm long coleoptilas and floated in distilled water for
lto3dh, This process was carried out under dim green light. Ten
segments were placed in the buffer in each vial and incubated for 24 h
at 25°C in darkness.

c. Shadowgraphing. Segments were blotted dry and placed

on & glass plate. They were magnified x 5 with a photographic enlarger
{Ghome Universal Alpha 1I) and the shadows recorded on shoets of
Ilfobrom IB4 1P photographic paper (Ilford Ltd., Ilford, Essex, U.K.).
The shadowgraphs were developed with Ilford Contrast FF developer::
water:i1l:4, fixed with Kodafix fixer (Kodak Ltd., London, U.K.): water::
1:4, washed in running water and dried in a Kodak glaszing machine
{Model 15 TC).

The shadows were measured with a similarly shadowgraphed ruler

scale.

(iv) Gas-liquid chromatography

Purified methanolic samples wers evaporated under OPN,
redissolved in 0.25 ml twice redistilled ‘Analar' diethyl ether and
stored at -8°c. After evaporating the ether, 50 ul bis-trimethylsilyl
acetamide (BSA) was added and kept at 40 to 50°C for 1 h. 5 ul samples
were introduced by on-column injection into a Pye Saries 104 gas

chromatograph (Pye Unicam Ltd., Cambridge, U.K.). A Mg 1-1 8E-30

coluns was used at 195°C with a flow of 30 Ml min * N, carrier gas.

(v) Mass spectrometxy

Purified methanclic samples were introduced by a direct
probe into an AEI MS12 mass spectrometor {ARI Scientific Apparatus

Ltd., Manchester, U.K.). The samples ware scanned with an ionization
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voltage of 70 aV, the ion source being at 150°¢.

Purified samples in ether were treated with BSA (as for 'Gas-
liquid chromatography') and 2 to 5 pl samples introduced onto a 30 ¢
17! sE-30 column at 195°C in a Pye 104 gas chromatograph with an outlet
to an AEI MS 30 single beax mass spectrometer equipped with a membrane
separator. The samples were carried in a flow of 30 ml min * He gas.
Chosen peaks of activity from the gas-liquid chromatography (g.l.c.)
were introduced to the mass spectrometer and scanned for 10 s decade .
The ionization voltage was 24 eV, the jion source was at zoo°c, and the

menbrane separator at 2oo°c.

4. RADIOACTIVE EXPERIMENTS

A. Experimental conditions

Plants of dwarf french bean grown in pots were usea. One day
before the application of radicactivity, 14 to 21 4 old plants were
A
transferred to a controlled environment cabinet at 25 - 2°c in contin-

uous or 16 h 4 1 1iight.

B. Radiochemical application

{1) Radiochemicals

(1-1‘cltn and (2-“c)m were supplied in benzene:acetone::
9:1 by the Radiochomical Centre, Amersham, Bucks., U.K, ta-mthylonc—“c)
gibbersllic acid ([“clm). in s0lid form, and [u-“c] sucrose, in agueous
solution, were also obtained from the Radiochemical Centrxe. Solid
(2—“clm was donated by P. Hoffmann-La Roche AG.

(11) Preparation

a. Solutions. The solvent was evaporated from [“clm
under OFN and the residue was dissolved in 1l drop of absolute ethanol
before dilution with distilled water to give stock solutions of 0.1 mmol

1-1 IAA. Aliquots of these were further diluted to give working solutions
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of 2 or 3 umol 1 T 1AA.

[l‘c]m was dissolved directly in distilled water to give a stock

solution of 1 mmol 1~ F @a.

[“c]m was dissolved in & minimal volume of methanol before
dilution with distilled water to give a stock solution of ©.1 mnol 1-1
ABA. An aliquot of this was furthar diluted to provide a working

solution of 20 uymol 1-1 ABA.

[14c)sucrose was diluted with distilled water to give a stock
solution at 10 umol 1.-1, further diluted for a working solution at 0.25
or 0.50 umol 1-'1 sucrose.

All the solutions weras stored in darkness, stock solutions
(except [1%C]GA) at -15°C and working solutions at -8%. [Y4claa
was stored at 2°C.

The chromatographic properties of the working solutions after
storage for 2 to 8 months are shown in Figure 4.

b. Agar bhlocks. Ionagar No. 2 was incorporated into
distilled water to give a 30 g 1-1 agar solution which was autoclaved
at a pressure of 20 1lbf in -2(138 kPa) at 125°c for 10 min before
storags at 2°%. an aliqguot of the appropriate working solution was
incorporated into an equal volume of molten 30 g 1 T agar and moulded
into blocks 26 x 20 x 1 mnm. These were divided into 8 smaller units
each measuring 10.0 x 6.5 x 1.0 mm, Specific activities, concentrations
and estimated amounts of the radiochemicals in these blocks are displayed
in Table 1 and their chromatographic properties with 2 devaloping
solvent systems in Figure 5.
(ii1) Application
The agar blocks were applied, using the method of Hocking et al.

(1972) , either to the basal end of an expanded primary leaf just to

one side of the midrib (Plate 52), or to the basal end of the terminal



Pigure 4 : Chromatography of working solutions o” A [1—1‘c]m.

B 12- i1, crMc1ea, o (Mciam.

Solutions stored for A 2, B 2, C 6, D 8 months.
Acidic solvent = butanol:acetic acidiwater::25:5:11.
Basic solvent = isopropanol:ammonis:water::8:1:1.

Chromatograns assayed by liquid scintillation spectrometry.
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Table 1 : Specific activity, concentration and estimated quantity

of radiochemicals in agar blocks.

Tracer Chmel * i amied X damnt bioek Y. mmal Bloee
14
[“Tclzan 57 1.0 8225 65.0
1.5 12338 97.5
10.0 82251 650.0
(*clen 1.54 50 11111 3250
500 111111 32500
14
[“*c}asa 11.94 5 8614 32s
10 17229 650
[*%c]sucrose 600 0.125 10823 8.125

0.250 21645 16.250
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Pigure 5 : Chromatography of extracts from donor blocks of

A -c11an, B 12- 411, ¢ Moraa.

Acidic and basic sclvents as in Pigure 4.

Chromatograms assayed by liquid scintillation spectrometry.

Donoxr blocks of [“c]m have not been assayed, but Hocking (1973)
has demonstrated no apparent difference between the radioactivity

in stock solutions and donor blocks of {l‘clm.
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Plate 5 : Application of an agar block to the lamina of A a mature

primaxy leaf, B a young trifoliate leaf of Ph. vulgaris.

37



leaflet of an expanding trifoliate leaf just to one side of the midrib
(Plate *B). The area of application was abraded gently for about 15 s
using one fingertip and a paste of water and ‘Al-xite’ aluminium oxide
medive size optical smoothing powder (Carborundua Co. Ltd., Manchesterx,
U.K.}. The leaf was rinsed with distilled water and blotted dry before
the agar block was pressed onto the abraded area and covered with a
3 az plece of transparent polythene.

The radiocactivity was applied to the plants between 0S00 h and

1300 h G.M.T.

C. Harvest

(1) Translocation experiments

After 24 h incubation, plants were cut into small segments
which were placed in 2 ml 95% ethanol in scintillation vials. These
were stored at 2°C for between 2 and 21 4 and the sthanol was evaporated
undexr vacuum prior to radiocassay,

(11) Metabolism experiments
After 24 h incubation, plants were divided into leaf of
14 application (donor leaf), shoot above donor leaf (upper shoot),
stem below donor leaf (lowsr shoot) and roots. The bulked sections
vere extractasd twice with methanol at 2°c. The pooled extract was
evaporated under vacuum almost to dryness and the residue dissolved in

2 ml methanol which was evaporated undexr OFN to ¢. 0.5 ml., A small

as

aliquot of donor leaf extract and as much of the ol:hoi extracts as possible

were sach loaded onto two 5 mm wide strips of Whatman 3 MM chromatography

paper. It was discovered that the paper would accept more of the
extracts when the origin was streaked a few times with distilled water
baforehand, Chromatograms of stock radiocactive compounds were prepared
both with and without being loaded with a plant extract treated in the

same way as ths radiocactive extracts.



The chromatograms ware developed in the machine direction for 30 cm
fram the origin at room tamperature in darkness. One chromatogram of
each extract was developed with butan-l~ol:glacial acetic acid:distilled
water::25:5:11 (acidic solvent), the other with propan-2-ol:ammonia
(d=0.88) :distilled water::8:1:11 (basic solvent).

The chromatograms were either cut into sections, each of which was
placed in a scintillation vial, or passed through a chrcmatogram scanner
(see balow, 'Radiocassay'}. Peaks of radicactivity from the scanned
chromatograns were sluted with c. 1 ml methanol and reapplied to chrom-
atograms for development in another solvent system. Thess chromatograms

were then prepared for scintillation counting.

b. Radiocassay

(1) Scintillation counting

Scintillacvion vials containing plant segments from trans-
location experiments or chromatogram soctions from metabolism experimente
wara filled with 10 ml toluene (Asschem, Palkirk, Stirlings., U.K.)
containing 4 g 17} 2,5-diphenyloxazole, PPO, (Fisons Scientific Apparatus,
Loughborough, Leics., U.K.). The vials were stored at 2°C in darkness
for O to 3 4 before assay.

Samples containing plant tissuec were assayed in a Tri-Carb liquid
scintillation spectrometer (Model 3380) with an absolute activity analyser
{Model 544) manufactured by the Packard Instrument Co. Inc., Illinois,
U.8.A. Bach sample was counted once for either 5 or 10 min, orxr 10‘
counts. Background radicactivity was determined with vials containing
various amounts of material from untreated plants and the background
subtraction on the spectrometor was set at 5 ct min - above the mean ct
nin-l of the background vials. Other controls were presst by the

mnanufacturers. The spectrcometer uses an external standard to calculate

quenching and corrects for backgrocund radiocactivity. The absolute
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activity analyser automatically corrects for quenching and radicactivity
is calculated as disintegrations mi.n-1 (a nin-l).

Samples containing chromatogramn ssections were assayed once for 10
oin or 10‘ counts in either a Packard Model 3380 (without an absolute
activiiy analyser) or a Coxrumatic 200 (Tracerlab G,B., Ltd., Weybridge,
Surrey, U.K.) liquid scintillation spectrometer. These spectrometers
calculate gquenching but only correct for background, estimating radio-
activity as counts min-l {ct mi.n-l) . The background subtraction was
set at 5 ct l!n.f.n"'1 above the mean ct m.i.m":l of vials containing sections
of chromatogram from behind the origin. Other controls were presat by
the manufacturexs.

The spectrometers were calibrated for efficiency at different
guench levels by counting variably acetone - and ethanol-quenched
sanples containing known amounts of [1-“c]n-hexad¢cm (1.1 uci g.l).
The calibration curves are shown in Pigure 6.

Scintillation vials were 20 nl low potassiun glass disposable vials
with double-screw caps. Between experiments they ware boiled twice in
water with "Pyroneg' detergent (Divarsey Ltd,, Barnet, Herxrts., U.K.)
for at least 1 h each time. They were then rinsed together 3 times
with hot water, left soaking overnight and rinsed individually € times
in hot, running, water. Caps were washed 3 times in warm water and
'Pyroneg’, and rinsed 3 times in warm watexr.

(11) Chromatogram sganning

Intact chromatograms were assayed using a chromatogram
scanney with a strip chromatogram scanning attachment RCMS~3 (Panax
Equipment Ltd., Redhill, Surrey, U.K.). A flow of propane:argon::
1:49 (British Oxygen Co. Ltd., London, U.K.) was passed through the
detection chamber at a pressure of 34.5 kPa (5 1bf in—z). The chrom-
atogramns were passed through at a speed of 60 cm h-l. The aperture

was set at 3 mm width, dead geiger time at 200 us, time constant at
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Figure 6 : Calibration curves for efficiency of A Packard Tri-
Cardb (with absolute activity analyser), B Packard Tri-Cardb (without
absolute activity analysex), C Tracerlab Corumatic 200 liquid
scintillation spectrometers at different levels of quenching in

samples.

ct Mn-l detected in sample
D min-¥ supplied in sample

Efficiency = x 100

Ct min~ ' detected in external standard

Qu Fatio = o min-i supplied in external standard

ct ntn-l datected in external standard in Channel A

Ratio A/B ® ©Ct min=T detected in external standard in Channel B

Channel A counts through sample bottle, Channel B by-passes

sample bottle.



Efficiency (percent)

80

40

80

40

80

70

60

50

I I T T T T 5
A
= —e
| ! l 1 1 1 !
10 0-5 0-0
Quench ratio
1 T T T T T
- (: .
|— \ —
- i
- N
§ i 1 1 I | 1 "
1-28 1-24 1:20 116 108

Ratio AIB



42

3 s and range at 3 -'1. Other controls were preset by the manufac-

turers.
¥No compensation vas made for guenching or background and a trace
of percentage radiocactivity was produced on a "Servoscridbe' RE 511 .20

potentiometric chart recorder,

S. BIOMET RY

A, Experimental design

Experiments involving the measurement of growth were performed
using 10 plants in sach treatment, Within the controlled emvironnent
cabinet plants wers arranged at random, Because the design of heating
and lighting in the glasshouse (Figure 7A) probably caused gradients of
tenperature and light intensity across the bench, in most experiments
in the glasshouse the plants were arranged in 'organized' rows such that
each treatment was evenly distributed in relation to these factors
(Pigure 7).

In expariments involving the translocation and metabolism of radio—-
active chemicals a variable nunber of plants ip each trsatment were
situated at random within a controlled envirxonment cabinet,

All but a few experiments were performed on at least 3 cccasions,

B, Statistical analvsis

Standard errxor

The standard error of the mean value for a series of cbservations was

calculated using an Olivetti programms 101 desk top computer from the formula

1x? - (zx)?
Standard error = B

n (n=1)

where X » value of each individual observation and n = number of

observationa {Snedecor and Cochran, 1967),. Standard errors were calculated



Figure 7 : Diagrammatic representation of a bench in the glasshouse
showing A position of high pressure mercury vapour lamps and

heating pipes, B layout of treatments in ‘'organized' rows,

A 1 H = heating pipes, L = lamp,
B 1 2= 2 treatments A,B

3 = 3 treatments A,5,C

4 = 4 treatuents A,B,C,D

5

S5 treatments A,8,C,D,E

etc.
Each letter represents a single plant of
that troeatment. Position of experiment
on banch in the longitudinal direction

selected at random.
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for growth data, bioassay data and quantitative data on the distribution
of radiocactivity within plants. In tables the standard error (S.E.) was
presented as 1 5.E. after the mean; in graphs and histograms as a

vertical bar above and/ox below the point of the mean.

C. Presantation of rusults

Growth data are presented, either in graphic or tabular form, as
mean values, at a particular time, of absolute length neasurements for
each treatment of a single experinent. ¥When cessentially the same
results were obtained on separate cccasions, the results of only one
experiment are presented. Othexwise the results of each replicate
experiment are given separately.

Bicassay results are graphed as a histogram of the nean of 10
coleoptile segments for each section of the chromatogram. G.l.c,
traces wvere copied onto a graph. Peak heights of mass spectra were
measured and presented as a percentage of the highest peak, which was
assigned 1008: peaks appearing in background spectra wers omitted.

puantitative estinates of radicactivity in each part of the plant
are presented in tabular form as mean values of eithexr 4 ntn-l or
percentage ¢f the total radlioactivity in the plant. Results frou
individual experinents are given separately. Radioactivity on chrom-
atograns is plotted as ct nin-l in histogram form or copied from a
chromatograx scanner trace onto a grapvhe.

Histological examinations were recorded photographically.
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EXPERIMENTAL RESULTS

1. CHARACTERIZATION OF CORRELATIVE PHENOMEMA

As a basis for further investigation the characteristics of apical
dominance in french bean plants have besen exanmined. In particular,
the influence of various parts of the plant body upon the growth of the

lateral buds has been analysed, using surgical techniques.

A. Growth patterns

The initial experinents were designed to elucidate the patterns
of growth found in young bean plants., Tha growth of intact seedlings
has been followed and the characteristics of growth of a number of
lateral buds have been investigated on decapitated and defoliated plants.

{1) Intact plants

The pattexrn of growth of intact bean seedlings has been
studied by taking measurements of the length and the dry weight of all
their parts over a period of 19 d from sowing (FPigure 8).

Although up to 4 internodes were growing at one time, the greatest
extension rate of the stem passed sequentially from the lowest internode
upwards (Pigure BA). The growth rate of any internode was declining
before the intarncde above reached its period of greatest extension.
Similarly, the extension rate of both the petiole and the lanina of
the first trifoliate leaf increased when that of the primary leaf
petiocle and lamina decreased, although the second and third trifoliate
lsaves were also growing slightly (FPigure 8B,C). Generally, the growth
of each leaf closely followed that of the internode immediately balow
ic. From 12 to 16 4 after sowing the primary leaf axillary buds
increased slightly in length but they ceased growth over the next

3 d (Pigure 8A); they were, therafore, developing while the internods



Figure 8 : Growth in length of A stam internodes, 5 petioles,

C laminae expressed as length (

increase in length and nunmber of D roots;

) and extsnsion rate {(---);

change in weight of

E cotyledons, PP stem internodes, G leavea, H roots, I whole plant.

18.3.71 : Ph. wvulgaris : glasshouse : randomized : A,B,C = means

from successsive measurements of 10 plants;

D,B,F,G,H,I = means

from destructive sampling of 10 plants at each time point :

length of hypocotyl measured fras level of compost surface to

ist node;

trifoliate leaves : key:—

length of lamina of terminal leaflet measured for

Symbol Stem Leaves Roots
(A,F) {.c,G) {D,H)

O Rypocotyl Primary Primary
1st internode 1lst trifoliate Otherxs
2nd internode 2nd trifoliate

[ ] 3xd internode 3rd trifoliate

A 4th internode

A S5th interncde

v Primary leaf

axillary buds
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and leaf immediately above them were 2lsO aextending. Both the
length of the primary root and the number of adventitious roots
increased from the 3rd day after sowing and appeared to have rsached
a maximun by the 15th day (Pigure 8D). The lateral roots were too
numerous to count but appeared to increase steadily in number and
length after the 5th day.

The dry weight of the cotyledons decreased rapidly from the 3rd
to the l4th day aftex sowing (Figure 8E), during which time the
hypocootyl, epicotyl and primary leaves were increasing in weight
(Figure 8F,G). The cotyledons were almost depleted by the ld4th day,
by which time the primary leaves were almost fully extended (Figure 8A).
The dry weight accumylation of interncdes and leaves resambled theirx
sequential pattern of extension growth, although the hypocotyl and
eplicotyl continued to increase in weight after their elongation had
ceased. The latter increase in weight was also manifest as an increase
in thickness of the stem. The waight of the roots increased from the
5th day onwards (Figure 8H); the greater weight increment was shown
by the lateral and adventitious roots rather than the tap root.

The total weight of the plant remained fairly steady until the
8th day after sowing, and increased therxeafter (Figure 8I). The early
growth of the seedling, therefore, appears to involve a transfer of
matexial from the cotyledons to the hypocotyl, epicotyl, primary leaves
and roots. By the l4th day the cotyledons were exhausted and the
plants had increased in dry weight, At this time the primary leaves
wexre almost fully grown and probably photosynthetically functional;
the root system was also well developed.

(11) Decapitated plants
Removal of the upper shoot by excision through the 3xd

node had little effect on the total dry weight of the plant 8 4 later



(Table 2). This decapitation caused a redistribution of dry matter,
partially into the primary leaf axillary buds but also, apparently,
into the stem and primary leaves. The outgrowth on decapitated plants
of the lateral buds in the axils of the primary leaves was also evident
as an increase in their length (see alsc Plate &) Figure 9). Decap~-
itation, however, did not greatly affect the elongation of stem or leaf
other than preventing further extension of the 2nd internocde. The
growth of the tap root appeared to be curtailed by the remcoval of the
upper shoot, although this effect was only partially confirmed in one
of two repeat experiunents.

The outgrowth of the primary leaf axillary buds on decupitated
plants was evidsnt as an increase in both the length of their 1lst
internodes and theix total length (Pigure 9A,R). The iancreases in
lst internode length and in total length were similar over the first
3 or 4 4 aftex decapitation, indicating that the initial outgrowth
of the stem of thaese buds occurrsd in the lst internode. Por this
reason in subsequent experiments the lst interncde of each bud, which
can be measured with greater accuracy than the total length, was
followed over 7 4. Their total lengths were measured at the end
of sach experiment but never gave a pattern of rasults differing from
that cbtained with lst internode measurements and have not, therefore,
been presented.

The buds on the primary leafl node are usually of unequal length
{Plate 1) Pigure 2) and upon their cutgrowth after decapitation of
the plant a difference in length remains. Thus, the lst internode
length and the total length of the initially longer bud on intact
and decapitated plants were greater throughout the experiment than
the equivalent lengths of the shorter bud (Pigure 9A,B). These two

buds, however, always exhibited similar qualitative responses and their
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Table 2 1 Dry weights and longths of segments of intact and

dacapitated plants.

Segnent Dry weight (mg) Length (mm)

Intact Decapitated Intact Decapitated
+
Upper shoot 58.5 - 5.3
. +’ . +
2nd interncde 9.0 - 1.9 0.1 39.5 - 1.4 2.1 - 0.4
Primary leaf + +
e g TR 18.6 2 3.3 0.3 17:8 2 2.7
Prinary leaf, (g9 % e 0.0 802 .y Assv L ar 199.2 2w
laninae
Primacy leaf 6275 e 1w e viriiat wm.eles
petiolas
Bpicotyl .3 ks et oy @slae . wyTis
Cotyledons 3055 1.8 . 50,42 4.7
Hypocotyl 19543 3.7 ‘.78 31 eSS gy 807 e
Roots 168.6 & 16.1 161.6 2 10.9
¥ 31.3 538.4 2 22.8

Total 552.7

23.2.7) : Ph. vulgaris : glasshouse : decapitation at 3rd node on
7th day after Bowing; harvest on l4th day after sowing : 10 plants/

+
creatoent; randowized : results = mean - S8.E.; confirmed once.



Plate € : 21 d old plants of Ph. vulgaris A intact, B decapitated

through 2nd internode 3 & previcusly.

50



Figure 9 : Growth of primary leaf axillary buds on intact (® O )

and decapitated ( M O ) plants of Ph. wvulgaris.

A,B : 25.1.71 : 20 4 old plants : glasshoume : decapitation through
2nd intermode : 10 plants/treatment; randomized : points = mean g
8.E. of length of lst interncde (closed symbols) or total length

{open symbols)of A longer, B shorter prinary leaf axillary buds.

C : as above but points = mean - S.E. of combined lengths of
teruinal leaflats of lst trifoliate leaves on both primary leaf

axillary buds.

D 23.2.71 1 14 & old plants ; decapitation through 2nd internode :
plants in glasshouse (open symbols} or controlled envirommaent
cabinet (closed symbols) : 10 plants/treatment; randouized :
points = mean ® §.E. of combined lengths of lst internodes of

both primary leaf axillary buds.
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lengths ware, therefore, added together for presentation of the results
of most subsequent experiments. Bud dry weights never gave a pattern of
results differing essentially from that shown by length neasurenents,

but have been presented for those experiments in which they were assessed.

The outgrowth of the buds on decapitated plants also involved
extension of their lst trifoliate leaves (Figure 9C). The growth of
the primary leaf axillary buds was similar under both glasshouse and
controlled envixonment cabinet conditions (Pigure 9D).

Plants decapitated through successive nodes from 1 to & showed
different patterns of bud outgrowth (Pigure 10). The buds in the
cotyledon axils extended slowly on plants decapitated just Lalow the
2nd node but much more quickly on plants decapitated just above the
2nd node with their primary leaf axillary buds removed (Figure 10A).

In the presence of the primary leaf axillary buds ox part of the upper
shoit above the primary leaf node no growth of the cotyledca axtllary
buds was recorded. Presumably the primary leaves iumproved the growth
of the cotyledon axillary buds by providing nutrients. Both the
longer and the shorter primary leaf axillary buds showed strong out-
growth on plants decapitated at the 3rd ncde, less on plants decapitated
at the 4th node and none on plants decapitated higher up (Pigure 108,C).
The lst trifoliate leaf axillary bud grew out strongly on plants decap-
" itated at the 4th node, less on those decapitated at the 5th node and
very slowly on those decapitated at the 6th node or left intact (Pigure
1op). The 2nd trifoliate leaf axillary bud extended slowly on plants
dacapitated at the 5th node and even more slowly on those decapitated
at the 6th node or left intact (Figure 1OE).

The sams results presented in a different fashion (Figure 1OF
to J) indicate that on intact plants and on those decapitated at the

6th node the buds in the axils of the 1lst, 2nd and 3Ird trifoliate lesaves



Figure 10 : Growth of lateral buds on plants decapitated at different
nodes; A both cotyledon axillary buds, B longer primary leaf arillary
bud, C shorter primary leaf axillary bud, D lat trifoliate leaf
axillarxy bud, E 2nd trifoliate leaf axillary bud; plants F intact,

G decapitated at 6th node, H decapitated at Sth node, I decapitated
at 4th node, J decapitated at 3rd node (.....) or just above 2nd

node with primary leaf axillary buds present (~--) or excisad (+---).

11.3.71 : Fh. vulgaris; 16 @ old : controlled environment cabinet :
decapitation through a particular node removed the leaf and bud at
that node as well as the shoot above : 10 plants/treatment;
randomized 1 points = mean ¥ S§.E. of length of lst internode of bud :
xesults confirmed in 2 further experiments : keyi-

Symbol Node of decapitation Measured axillary bud
{A,B,C,D,E) (F,G,H,1,J)

® None Cotyledon (both) ..
o 6th Longer primary leaf ..
[ ] Sth Shorter primary leaf ..
®) 4th ist trifcliate leaf ..
A 3xa 2nd trifoliate leaf ..
A Above 2nd (primary leaf

axillary buds removed) 3rd trifoliate leaf ..

2nd

4

Hean dry weight (mg) of axillary buds on the 7th day after treatment:-

Node of decapitation None 6th S5th 4th 3rd 2nd

Cotyledon {(both) .. 0.0 Q.0 0.1 0.2 0.2 Q.4
Longer primary leaf .. 0.3 0.4 0.7 7.7 33.2
Shorter primary leaf .. 0.1 0.2 Q.3 1.7 9.9

lst trifoliate leaf .. 0.9 1.7 7.9 31.8

2nd trifoliate leaf .. 0.6 1,1 3.7

3rd trifoliate leaf .. 1.0 1.4

Total 2.9 4.8 12.7 41l.1 43.)3 0.4
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were growing slowly while those in the primary leaf and cotyledon axils
were not detectably extending (Figure 10P,G). On plants with the shoot
removed at the 5th node consideradble growth was shown by the lst trifol-
iate leaf axillary bud and some by the 2nd trifoliate leaf axillary
bud (Pigure 1OH). Decapitation at the 4th node led to vigorous cut-~
growth of the lst trifoliate leaf axillary bud and marked extension of
the two buds in the primary leaf axils (Pigure 10I). The primary leaf
axillary buds grew vigorously on plants decapitated at the 3rd node ox
just above the 2nd node, and subordinated the cotyledon axillary buds
which only grew when the primary leaf axillaxry buds were removed
(Figure 103). The differences in dbud length on all plants were
reflected by the bud Ary waights.

The 1lst trifoliate leaf axillaxy bud, when preseant, grew out tb
& greatar extent than the other buds in all treatasnts. The 2nd
trifoliate leaf axillary bud, although extending slowly in intact
plants, responded only slightly to removal of the shoot above it.
The primary leaf axillary buds, conversely, exhibited no detectable
growth on intact plants bhut extended rapidly when the shoot was removed
one or two nodes above them, The cotyledon axillary buds scarcely
grew out unless all growing tissues ahove thenm were removed. Apart
from the 2nd and Jrd trifoliate leaf axillary buds, which may have been
imzature, any bud on these plants showad greater growth than the buds
below, Bud growth was clearly influenced by tha presence of the
upper shoot.

(111) Defoliated plants
The growth of individual buds alone on plants decapitated

just above the 5th node, and completaly defoliated, was followed in 3
replicate experiments (Pigure 11). The growth pattarn varied between
the experiments and in one (Pigure 11C) the buds grew very poorly.

These experiments wers carried out in the glasshouse in different months



Pigure 11 : Growth of lateral buds on decapitated and defoliated

plants of Ph. vulgaris; A,B,C = } experiments.

A1 1,10.71 : 21 4 old plants, B : 26.11.71 : 25 4 old plants,
C: 15.12,71 : 26 4 old plants : glasshouse : each bud alone on
a plant decapitated through a 5th internode and completely
defoliated : A 9, B,C, 10 plants/treatment; organized : points =

mean -4 8.E. of length of lst intarnode of each bud : key:~-

Symbol Axillary bud
@ Cotyledon ..
©) Longer primary leaf ..
[ | Shorter primary leaf ..
0O lst trifoliate leaf ..
A 2nd trifcliate leaf ..

A 3rd txifoliate leaf ..
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and much of the variation between the: may be a result of environmental
factors. The plants in each exporiment were alsc at slightly different
ages, both temporally and physiologically. Despite the variation
several features were evident. The cotyledon amxi 3rd trifoliate leaf
axillary buds consistently grew poorly. In general, the lst trifocliate
leaf and the longer primary leaf axillary bude grew well while the 2nd
trifoliate leaf and the shorter primary leaf axillary buds showed less
vigorous extension. The ocutgrowth of these buds relative to each other
was, however, rather variable.

The results suggest that there may be inherent factors, possibly
relating to age, influencing the growth of individual buds, although
their position in relation to stem internocdes and roots or to gravity
may be important.

It has already been shown (Pigure l0) that the remcval of the
terminal bud itself by excision through the 6th node did not release
any of the measured lateral buds from correlative inhibition. Removal
of wore of the upper shoot, which allowed some of the lateral buds to
grow, involved the excision of leaves, buds and stenm from the plant.

In the following 4 subsections the effects of age and of leaves,

buds and other organs are considered.

B. Effect of age
The influence of age upon the growth of the primary leaf axillary buds

has been tested in ) experiments. In the first the growth of these buds
was followed on plants from one batch decapitated just above the 2nd node at
intervals over a pericd of 6 weeks. The greatest growth shown by the
longer buds over 68 d was on plants decapitated when 11 4 old (Figure 12A)
while that of the shorter bud was on plants decapitated when 14 4 old
(Figure 12R). The growth of buds on oclder plants than these decreased
with increasing age. This experiment, however, was pexformed in the glass-

house during summer and it is possible that the deterioration of bud growth



Pigure 12 : Growth of A longer, B shorter primary leaf axillary
buds on plants decapitated through the 2nd internode at

different times after sowing.

1.6.71 : Ph. vulgaris : glasshouse : one batch of plants with
decapitaticn at 8, 11, 14, 17, 21, 24, 28, 31, 35 and 42 4
after sowing : 10 plants/treatment; randouized : points =
mean 2 S.E. of length of lat interncda of bud over 8 4 after

decapitation.
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with age was a reflection of environmental conditions, parhaps in relation
to a transfer of the plant from a vegetative to a reproductive state.
Two other axperiments, howavaer, in wvhich 2 to S week cld planta were
decapitated at the same time, suggested that, on February- and April-
grown plants at lsast, the growth of the primary leaf axillary buds
improved with age up to 5 weeks (Figure 13). It may be that the
difference betwean thesc experiments and the first reflects the
slower develorment of plants grown in winter or apring compared with
sunmer. Anyway, it seems that these buds have the potential to grow
out vigorously for 2 to 3 weeks after their develormont and it is not
possible from these data teo implicate bud age as a major factor
affecting the pattern of bud ocutgrowth on intact and decapitated or

defoliated plants.

C. Effects of lsaves

Snow (1929h) showed that in Pisum sativum the leaf was the major organ

contributing to the correlative inhibition of lateral bud growth. Using
surgical techniques similar to those of Snow the involvement of leaves

in apical dominance in french bean has been analysed,

(1) Primary leaves

Removal of mature primary leaves from otherwise intact plants
had no effect on the growth of their axillary bhuds (Pigure 14). The
upper shoot, which consisted of only young leaves and stexr in these plants,
could, therefore, completely inhibit lateral bud growth in the ahsence of
mature leaves, The presence of the primary leaves on plants decapitated
4ust above the 2nd node groatly enhancoed the cutgrowth of their axillary
buds (Figure 14). ‘The paticles of thase leaves had no effect on their
own. The ocutgrowth of the buds on decaplitated and defoliated plants,
and their additional growth in the presence of the primary leaves, was

alsc evidenced by their dxy weight nmeasurements. The primary leaves



Pigure 13 : Growth of primary leaf axillary buds on plants of
Ph. vulgaris of different ages intact (closed symbols) or
decapitated through the 2nd internode (open symbols);

A,8 = 2 experiments.

A : 9,2.71 :9014,0021,4AA28 4 o0ld planta : controlled esnviron-
nent cabinet : 10 plants/treatment; randomized.

B : 10.4.73 :B022,AA29,¥V36 4 old plants : glasshouse

10 plants/treatment; organized.

Points = mean + S.B. of combined length of lst internodes of

primaxy leaf axillary buds.

Mean dry weight (mqg) of both buds on the 7th day after

treatnent (Experiment A):-

Age Intact Decapitated
14 4 0.7 27.6
21 & 0.5 €74 %

28 4 0.6 52.1
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Figure 14 : Growth of primary leaf axillary buds on intact (closed
symbols) and decapitated (open symbols) plants with primary leaves
intact (@®0), with lamina and midrih excised (EO) or completely

excised (AA).

19.1.71 : Ph. vulgaris; 14 d old plants : controlled environnent
cabinet : decapitation through 2nd internode ; 10 plants/treat-
ment; ramndomized : points = mean 2 S8.E. of cambined length of

lst intexnocdes of primary leaf axillary buds ' results confirmed

in 3 further experiments.

Mean dry weight (mqg) of primary leaf axillary buds and shoot

above the 2nd node on the 7th day after treatment:-

Treatment Welght
Upper shoot Primary loaves Buds Upper shoot
Intact Intact 0.7 255.4
Lamina + oidrib excised 0.4 28.1
Completely excised 0.5 25.0
bDecapitated Intact 57.9

Lamina + midrib excised 8.6
Completely excised 6.8
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also greatly improved the dry weight of the shoot above the 2nd node
on intact plants,

Using oldexr plants decapitated just above the 3Ird node it was
shown that the presence of the mature lst trifoliate leaf completely
(Figure 15A,B) or almost completely (Figura 15C) nullified the promotory
effect of the primary leaves on bud growth, That the promoting influence
of the primarxry leaves on growth extended not conly to their own axillary
buds (Figure 14) but also to the cotyledon axillary buds (Figure 1OA)
and to the main shoot (Figure 1l4) and that the presance of another mature
leaf apparently replaced it suggests it to be a general nutritive effect
rathex than a specific effect on bud growth.

(i1) Trxifoliate leaves

The effect of different trifoliate leaves on the growth of
the primary leaf axillary bwds was tested on plants with no other leaves
present bar the mature primary leaves, which were left to allow potent-
ially vigorous ocutgrowth of theiyr axillary buds. The 2nd trifoliate
leaf and the 3rd trifoliate leaf alone, and the 4th trifoliate leaf
plus the terminal bud, almost conpletely prevented the growth of the
primary leaf axillary buds over 7 d, while the lst trifoliate leaf gave
a partial inhibition of bud growth for 5 d (Figure 16}, The 2nd, 3xrd
and 4th trifoliate leaves all exhibited considerable growth over the
experinental pexiod while the lst trifoliate leaf was almost fully
gxown by the beginning of the experiment. While it i{s clear that a
young, growing leaf can on its own virtually completely inhibit the
growth of these buds this may not necessarily be the case in intact
plants as the leaves grew much more alcne than in the presence of the
other leaves.

The involvement of the voung leaves and the apical bud was further
testad by determining the minimal amount of the upper shoot necessaxy

for inhibition of lateral bud growth, Apart from the primary leaves,




Figure 15 : Growth of primary leaf axillary buds on intact (closed
symbols) and decapitated (open symbola) plants of Ph. vulgaris
with primary leaves intact (@0O) or excised (HO).

A,B,C » 3 experiments.

A1 10.5.71 : 21 4 old planta, B : 4.10.71 : 21 4 old plants,
C s 15.12.71 : 23 4 old plants : glasshouse : decapitation
through 2nd internode : 10O planta/treatment; A randomized,
B,C organized : points = mean - 5.E2. of combined length of lat

internodes of primary leaf axillary buds.

Mean dry weight (ng) of primary leaf axillary buds on the

7th day after treatment (Experiment A):-

Treatuent Waight
Upper shoot Primary leaves

Intact Intact 1.5
Excised 3.2
Decapitated Intact 66.1

Excised 118.8
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Figure 16 : Growth of primary leaf axillary buds on plants

with different trifoliate _eaves present.

26.7.71 : Ph. vulgaris ; 21 4 old plants : glasshouse : all

leaves excised except treatnment leaf and primary leaves; all

lateral buds excised except primary leaf axillary buds ;

10 plants/treatment; organized : pointas = mean 2 8.E. of

cambined length of lst internodes of primary leaf axillary

buds : results confirmed in 1 furthor experiment : key:-

Synbol Remaining trifoliate leaf

All

None

ist

2nd

3xa

4th (+terminal bud)

> » Om OO

Mean length (mm) of terminal leaflet of each trifoliate leaf:-

Trifoliate Leaves individually Leaves on intact plants
leaf Day O Day 7 Increase Day O Day 7 1Increase
ilst 114.8 119.4 4.6 118.8 123.0 4.2
2nd 6l.2 107.2 46.0 66.6 105.0 38.4
3rd 9.2 54.2 45.0 11.6 42.2 30.6
4th 4.0 42.4 38.4 3.4 8.0 4.6
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vhich were nmature, all the leaves greater than & certain length wvere
romoved from the plant and, over the duration of the experiment, any
more leaves that reached that length were also oxcised, It is clear
that the apex itself did not cause any finhibition of the primary leaf
axillary buds; it was the young leaves produced from the apex which
were the inhibiting organs (Piqure 17). Complete inhibition of these
buds was not shown unless the upper shoot contained leaves greater
than 2 cm long, although some inhibition was produced by leaves less

than 5 sm long.

(111) Pclarity of inhibition

The specificity of action of young leaves was tested by
observing the effact of a single, young, growing trifoliate leaf on
buds below, in and above its own axil (Pigure 18). The growth of the
bud in the axil below the growing lst trifoliate leaf was strongly in-
nibited by that leaf (Piguras 18A) while the lst trifoliate leaf
axillary bud (Figure 188) and the 2nd trifoliate leaf axillary bud
{rigure 18C) were only slightly suppressed. These results probably
do not reflect different suscept.bilitios to inhibition of the particular
buds used, because similar xesults were obtained with a different set of
buds, using the 2nd trifoliats leaf on slightly older plants (Figure
18D,E,F). It appears then, that a youny, expanding leaf is only an
effective inhibitor of the growth of lateral buds in leaf axils at
lower nodes. This is, indeed, suggested by the cbsarvation that a
young lateral bud develops to a certain size while in the axil of a
leaf which is still growing. It was shown in intact plants (Figure 8A)
that the primary leaf axillary buds were increasing in length over a
period when the primarxy leaves were still growing and before the 1lst

trifoliate leaf reached its most rapid expansion.




Figurs 17 1 Length of primary leaf axillary buds after 7 4 on plants

with different sizes of trifoliate leaves present.

4.12.71 : Ph. wvulgaris; 19 4 old plants : all trifoliate leaves
groater than a given length excised throughout the experimental
period; primary leaves left intact : 10 plants/treatnent;
organized : peints = wean 4 8.B. of combined length of lst
internodes of primary leaf axillary buds : results confirmed

in 2 further experiments.
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Tigure 18 : Growth of lateral buds of Ph. vulgaris in presance
(@) or absence { O ) of lst (A,B,C) or 2nd (D,E,F) trifoliate

leaf.

A,B,C 1 16.11.71 1 16 & old plants : A = shorter primary leaf,
B = 1lst trifoliate leaf, C » 2nd trifoliate leaf axillary bud.
D,E,P ¢ 11.1.72 : 22 4 0ld plants : D = 1st txifoliate leaf,

E = 2nd trifoliate leaf, ¥ = 3rd trifoliate leaf axillary bud.

Glaschouse : all lsaves and buds apart from those specified
were esxcised from plants : 10 plants/treatnent; organigzed :

points = mean -4 S.BE. 0of length of lst internode of bud.

Mean length (mm) of terminal leaflet of lst (A,B,C) or 2nd

(D,E,F) trifoliate leaf:~

Day O Day 7 Increase

47.3 124.8 77.5

B 48.4 128.4 80,0
49.1 128.1 79.0

D 42.5 79.6 37.1
42.4 89.2 46.8

F 41,2 84.4 43.2
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D. Effects of buds

(1) Longitudinal effects
The growth of the buds tested individually on decapitated

and defoliated plants (Figure l11A) was also examined in the presence of
all the other lateral buds (Figure 19). These other buds very strongly
suppressed the growth of the buds in the cotyledon and primary leaf axils,
while having a lesser effect on those in the axils of the lst, 2nd and
3zd trifoliate leaves. Althougn some of the inhibition of buds by other
buds may be tlie result of competition for nutrients, there was a basi-
petal polarity of inhibition which was, it seems, similar to that found
with young leaves (Figure 18). This was to be expected because the
growth of a bud involves a fairly rapid expansion of its lst trifoliate
leaf (Pigure 9C) which would scon, presumably, be capable of inhibiting
buds lower down the plant,

(11) Transverse effects

In many of the experimants presented herein on the effects
of various factors on bud growth the primary leaf axillary buds have
been used as the test buds, It was of interest, therefore, toc examine the
effects of these unequal buds upon one another. This was carxrried out
with plants decapitated by axcision at the top of the 2nd internode
{Figure 20A). The growth of the initially longer bud was unaffected
by the presence of the shorter bud, but the growth of the shoxter bud
was considerably suppressed by the longexr bud over 7 d after decapitation
of the plant. Beyond 14 4 after decapitation of the plant many of the
shorter shoots were completely inhibitel by the longer shoot but could
be induced to grow again by removal of the longer shoot (Figure 208},
After a further 2 to 3 weeks scme of the shorter shoots were actually

dying in the presence of the loanger shoot.



Figure 19 : Growth of A 3rd trifoliate leaf, B 2nd trifoliate
leaf, C lst trifoliate leaf, D longer primaxy leaf, E shorter
prinary leaf, F cotyledon axillary buds in the presence ( @ )
or ahsence { O ) of other lateral buds on plants decapitated

through the 5th internode and completely defoliated.

1.10.71 : Ph. vulgaris; 21 d old plants : glasshouse : plants
with either specified bud alone { O ) or 3xd, 2nd and lst
trifnliate leaf, privary leaf and cotyledon axillary buds all
present { @ ) : 9 plants/treatment; organized : points =

mean > S.E. of length of lst internode of bud : results confirmed

in 2 further experiments.
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Figure 20A : Growth of each primary leaf axillary bud in the
presaence (closed symbols) or absence (open symbols) of the
other primary leaf axillary bud on plants decapitated through
the 2nd internode.

30.3.71 1 Ph. vulgaris; 14 & old plants : contrxolled envircnuent
cabinet : 10 plants/treatment; randomized : points = mean < B.E,
of length of lst interncde of bud : results confirmed in 2 furthar
expericents : key:- loager primary leaf axillary bud = @O
shorter primary leaf axillary bud = BD

Mean dry weight (mg) of primary leaf axillary buds on the 7th
day aftexr treatment:-

Measured primary Other bud
leaf axillary bud Present Absent
Longer .. 44,0 6€3.9
Shorter .. 10.0 38,0

Pigure 208 : Growth of shorter primary leaf axillary shoot in the
presence ( B ) or absence ( O ) of the longer primary leaf
axillary shoot on plants decapitated through the 2nd internode

14 4 previously,

16.8.71 : Ph. vulgaris : plants decapitated 14 d after sowing :
glasshouse : 10 plants/treatment; organized : points = mean >
S.E., of total length of shoot : results confirwed in 2 further
experimants.
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E. Effects of othexr organs

(1) Stem internocdes

In one experiment, using plants completely defoliated
above the 2nd node and on which the primary leaves were beginning to
senesce, it was discovered that the presence of 5 stem internodes above
the 2nd node improved the outgrowth of the primary leaf axillary buds
(Figure 21). This affect of the stem was confirmed on completely
defoliated plants dacapitated at different nodes above the 2nd node
{Table 3A); the more intarncdes left on the plant, tha more growth was
shown by the primary leaf axillary buds. In two further experiments,
however, the presence of the mature primary leaves was shown not only
to induce greater bud growth but also to negate the affect of tne stem
intorncdas (Table 38,C). Bean stems contain photoavnthetic green tissue
and it zay be that their effect on bud growth was nutritive.

(11) Roots

In the one experiment testing the involvement of roots in
arical dominance the plants without roots wilted for about 12 h after
derooting but subsequently recovered. Dercoting had no significant
effect on the growth of the primary leaf axillary huds on either intact
oxr decapitated plants (Figure 22). A complete root system does not appear
to boe important for either the nmaintenance of apical dominance or the
outgrowth of lateral buds in these plants, at least over a short time
period, Some regeneration of ronts had occurred by the end of the
experiment hut there was no visible sign of this happening on the 3rd
day, by which time the effects of decapitation were clearly evident,

(111) cotyledons

In some plant species a cotyledon can inhibit tha bud in
its own axil (Dostfl, 1909) or can control the balance of growth hetween
the two cotyledon axillary buds (Champagnat, 1951). The cotyledons of

Phaseolus are exhausted and abscind within 2 to 3 weeks of sowing.
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Pigure 21 : Growth of primary leaf axillary buds in the presence
(® ) or absence ( O ) of the stem above tha 2nd node on plants

decapitated through the 7th node and with all trifoliate leaves
excised,

8.6.71 : Ph. vulgaris : 22 4 o0ld plants : glasshouse : 2nd,
3xd, 4th, Sth and 6th stem internodes either present ( @ )
or excised { O ) : 5 plants/treatment; organizod : points =
mean - S.0. of combined length of lst internodas of primary
leaf axillary buds.
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Table 3 : Growth of primary leaf axillary buds on plants defoliated

above the ind node and decapitated at different nodes.

Interncdes present A Primary B Primary C Primary
above 2nd node leaves removed leaves present leaves present
None 10.0 ¥ 1.9 29.6 2 7.0 30.2 ¥ 3.0
2na 11.9 1.8 27.3 2 3.4 28.5 ¥ 2.5
2nd + 3rd 14.4 2 1.8 35.6 % 6.9 n.2%2.0
2nd + 3xd + 4th 18.6 ¥ 2.1 27.7 2 5.3 28.7 ¥ 2.4

A. 10-1.72' 8, 16-12-71.’ C. 10.1.72 : _P_l'_l_. w19“i.' 24 4 old
glasshouse 1 10 plants/treatment; organized : results = mean e B.B.
of bpouwbined lengths of lst intarnodes of primary leaf axillary buds

on 7th day after treatment.
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Pigure 22 : Growth of primary leaf axillary buds on plants intact
{closed symbols) or deocapitated (epen symbols) and with roots

intact { @O ) or excised ( BO ).

17.4.73 : Ph. vulgaxis; 22 4 old plants; controlled environment
cabinet : decapitation through 2mi internode; dercoting as
described in 'EXPERIMENTAL PROCEDURES' : 10 plants/treatiant;
randomized : points = mean 2 5.2. of combined length of lst

internodes of primary leaf axillary buds,
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Plants were, therafore, selected on which the cotyledons were still
fairly full and the cotyledon axillary buds were visible. The plants
ware decapitated 1 cm above the lst node and both, one or neither of
the cotyledons removed. The excision of one cotyledon slightly
raduced the ocutgrowth of the cotyledon axillary buds while the removal
of both cotyledons severaly curtailed the growth of these buds

(Figuxe 23A). Presunably this was a nutritive effect: it has already
been shown that the presencs of mature primary leavea also improved the
growth of these buds (Figure 1OA). The bwis distal and proximal to a
single cotyledon showed no difference in their outgrowth (Figure 23B).
The cotyledons, then, did not greatly influence the pattern of bud
growth but in very young seedlings they may provide the buds with
nutrients or growth factors. In 2 to 4 week old plants, which were
used in most of the experiments, the cotyledons were almost exhausted
or actually abscinded and were not, therefore, a major factor in the

present study.

P. Further correlations

In this research apical dominance has been investigated as wmanifest

in the correlative inhibition of lateral bud growth by the upper parts
of the main shoot. This may not be the only aspect of apical dominance
in bean plants. During the experiments peported previously it was found
that the presence of the upper shoot, as well as inhibiting lateral bud
growth, often prowoted the senescance of the primary leaf laminae and
the abscission of the primary leaf laminae and petioles (Table 4A).
The upper shoot and young leaves also stimulated the growth of the stem
internodes i{mmediately below and, apparently, of the primary root
(Table 4A;2).

There were alsc other correlative affects. It has already been

shown that the presence of young leaves inhibited the growth of other
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Figure 23 : A : Growth of cotyledon axillary buds on plants with
both (@ ), one (B ) or n» ( A ) cotyledons presant.

B : Growth of cotyledon axillary buds on plants with
one cotyledon present : O = bud proximal to cotyledon,

D = bud distal to cotyledon.

24.11.71 :_Ph. vulgarie; 12 4 cld plants : glasshouse : plants
decapitated 1 cm above lst noda : 25 plants/treatment; randomized :
points = mean : 8.E. of A combined total langth of cotyledon
axillary buda, B total length of aeach cotyledon axillary bud :

results confirmed in 2 further experinaents,
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Table 4A : Effect of upper shoot on senescence, absciscion and atem

interncde extonnion.

Intact Decapitated <+lst leaf + 2nd leaf

-

Ho. of primgary

leavaes senescing o B
Ho. of primary leaf 20 o
laminae abacinded

No, of primary leaf 20 o

petioles abscinded

Langth of 2nd

+ . +* +

Table 4B : Effect of roots on senescence and of laminae on

abscission.

Roots present Roots removed \
Ho. of prinary
14 2
leaves sonancing
Lanina present Laminga ramoved
No. of primary leaf o 20

petioles abscinded

Ph., vulgaris : 14 to 28 d from sowing : coatrolled envirxomment :
decapitation at 3rd node: lot and 2nd leaves Loth expanding, each
left as only leaf avove 2nd node : 10 planta/treatuent; randorized i
results for length = pean - S.E.; sencacence estinated visually
(vallowing of lamina); abscission estimated by lightly tapping

lamina or petiole.
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leaves on the same plant (Figure 16). The removal of the primary leaf
laminae hastened the abscission of their peticles and the presence of
roots appeared to stimulate the senescence of the primary leaves
{Table 4B}.

It seems, therefore, that the inhibition of lateral bud growth is
just one aspect of the correlation of growth and development of dwarf

franch bean seedlings.
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2. THE INVOLVEMENT OF INDOLE ACETIC ACID

The involvement of IAA in apical dominance in the dwarf french
bean has bean tested in 4 different ways. Pirstly, the ability of
exoganous IAA to replace the upper shoot with respect to inhibition of
the lateral buds has been examined, Secondly, the quantity and identily
of endogenous auxin found in, and exported frxom young shoot tips has been
investigated by a combination of classical and modern methods. Thirdly,
an attempt was made to analyse the involvement of translocation of
endogencous auxin in apical dominance by applying IAA transport inhibitorxs
to intact plants, Fourthly, the translocation of radicactively labelled
IAA wvas examined after application to intact and surgically treated

plants: this aspact is considered in later sections.

A, Application
Bean plants were decapitated 3 cm above the 2nd node and IAA was

applied to the cut stump using 2 techniques,
(1) Aqueous solutions

Agueocus solutions of IAA were applied using the reservoir
technique of Hillman (1970). It was found that 1 mmol 1™ » IAA aid
not completely inhibit the outgrowth of the primary leaf axillary buds
(Figure 24). In one experiment (Pigure 24A) the incomplete wmean inhibition
of bud growth by this concentration of IAA represented absclute inhibition
of bud growth on 6 out of 10 plants, In the other experiment (Pigure 24B)
the relatively slight effect of this concentration of IAA included the
complete inhibiticn of bud growth on only 1 plant, Bud growth on 9 out
of 10 plants was completely prevented by 5 mmol 1™ IAA (Figure 24A) but
this solution created some severs side—~effects: the internode to which the
solution was applied wilted and the nastic movementa of the pulvini at both

ends of the primary leaf peticles ceased, the laminae ani petioles



Figure 24 : Growth of primary leaf axillary buds on plants of
Ph. vulgaris intact or decapitated through the 2nd internode
3 an above the 2nd node with IAA in aqueous scolution applied to

tho cut stump. A,B » 2 experinents.

A1 10,8.71 ; 18 4 old plants, B : 28.6.71 1 14 4 old plants :
controlled environment cabinet : 10 plants/treatment;
randomized : points = mean ¥ 5.E. of combined length of lst
interncdes of primary leaf axillary buds : slightly inhibitory
effect of 1 wmol 1 > IAA confirmed in 1 further experiment

Kay i~

Symbol Concentration of IAA (mmol 1"1)
A B
O Q.0 0.0
1.0 1.0
A 5.0 0.1
v 0.01
0.001

& Intact plants
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remaining horizontal. Other effects associated with complete inhibition
of bud growth by S or 1 meol 1™~ IAA included swelling around the primary
leaf node, with the apparent formation of root initials, Bud growth
was not affected by 0.1 mmol 17 IAA, but was promoted slightly by
10 ymol 171 1aA and dtstinctly by 1 umol 17> IAA (Figure 24B),

The application of 1 mmol 1.1 IAA, which could completely piomt
bud growth on some plants, was ejquivalent, assuming complete uptake of
the applied solution, to a dosage of ¥ ug IAA d-x.

{i1) Lanolin pastes

Completa inhibition of the growth of the primary leaf axillary
buds was maintained for 7 d by 1 mg g © (0.18) IAA applied in lanolin to
tha decapitated 2nd internode of 29 and 36 & old plants (Fiqure 258,C).
This concentration of IAA only partially prevented the outgrowth of
these buds on 22 4 0ld plants (Pigure 25A), Bud growth was considerably

reduced on 22 and 29 4 old plants by 0.1 mg g+

(0.01%) IAA: this con-
centration maintained complate inmhibition of bud growth on 36 4 old
plants for 5 d. An IAA concentration of 0.0l mg g © (0.001%) produced
no inhibition of bud growth whatsocever) indeed, it slightly promoted
bud growth on 22 and 29 4 old plants, Although the growth of the buds
on decapitated control plants was similar for each age of plant used

it appears that the buds ware mc:mingly sensitive to inhibition by

IM with increasing age. The virtually complete inhibition of bhud
growth by 0,1 ng q-:l IAA represented the effect of approximately 9 ug IAA
applied at the start of the experiment and another 9 ug IAA on the 3rd
day (i.e. 3 ug aly.  The higher concentration of IAA was equivalent

to 10 times this amount and although this consistently produced power-
ful inhibition of lateral bud growth it &id not cause the side effects
apparent with similar quantities of IAA applied as an agquecus solution,
Furthermore, the inhibition was reversible: when the lanolin was removed

after 7 4 the buds exhibited considerable growth over the next 7 4



Pigure 25 : Growth of primary leaf axillary buds on plants
intact or decapitated 3 cm above the 2nd node with IAA in

lanclin applied to the cut astump.

10.4.73 : Ph. vulgaris; A 22, B 29, C 36 d old plants : glass-
housa 1 IAA applied in 0.1 ml lanolin on day O and day 3 :

10 plants/treatment; organized : points = mean - 8.E. of con-

bined length of lst interncdes of primary lcaf axillary buds :

powerful inhibition of bud growth by 1 mg g » IAA in lanolin

confirmed in 2 further experiments : key:i~-

Symbol Concentration of IAA
-1
(mg g )
o olo
0.01
A 0.1
1.0

Intact plants

+
Total length - S8.E. (mm) of primary leaf axillary buds on decapitated

plants treated with 1 mg g > IAA until day 7:-

Time after treatment Age of plants (d)
) 22 29 36
7 WeoeTaes 57204 s5.620:2
14 60:127.2 " welsa sy
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{(Figure 25), Inhibition of bud growth by IAA in lanolin was charac-
tezristically accompanied by swelling of the top of the dscapitated inter-
node., No concentration of IAA tested induced any cbvicus alongation

growth of the decapitated internode.

B, Extraction

Young shoot tips with the lowest trifoliate leaf bhetween 5 and
30 mm long - previously shown to give slightly less than complete
inhibition of lateral bud growth (Pigure 17) = were excised from bean
plants and extracted with methanol., After purification by acid=bhase
partitioning, the extracts were subjected to successive paper chrom-
atography and substances co-chromatographing with IAA wore analysed
by bicassay, a chromogenic reaction, g.l.c. and mass spsctyometry.
The procedures were tested for efficiency with standard IAA and for
possible artifacts with methanol only.

(1) Standard IAA
Tissue, weighing 50 g, from mature primary leaves of bhean

together with 50 ug IAA were subjected to the extraction and partite
ioning procedures desaribed under *AUXIN ISOLATION EXPERIMENTS' in
'EXPERIMENTAL PROCEDURES'. The purified extract was lcaded onto 2
paper chramatograms which wers developed in the acidic solvent
(butanoliacetic acidiwater::2535:11). An IAA naxker chromatogram
tested chramogenically with Ehrlich's reagent showed a mauve area
between Rf 0,85 and 9,93, but a small amount of tl—l‘c]m on one of
the extract chromatograms was detected by the chromatogram scannsr at
Rf 0.73 to 0,83, The presence of the plant extract, then, appeared
to retard the moverent of IAA in this solvent system, In subsequent
experimants, therefore, when only ‘cold! marker IAA on a separate
chromatogran was used, the region just behind the IAA pone was eluted
together with the IAA zone from extract chromatograms developed in

this solvent system.



The area of esach chromatogram bhatween Rf 0,70 and 0,90 was eluted
with methanol, One of the eluants (equivalent to 25 ug applied IAA)
was loaded onto a paper chromatogram which was developad in the basic
solvent (iscpropanolsammonia:waterps8slil). An IAA marker chromato=
gram exhibited a bright blue fluorescent area at Rf 0,48 to 0,56 underx

254 nm u.v, light but no fluorescence under 350 nm light, The extract

chrematogran showed many fluorescent and absorhent avreas under u.,v. light,
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including bright blue fluorescence, similar to that produced by IAA, between

Rf 0.46 and 0,53 under 254 nm light, ll-uc]m on this chromatogram
was detected between Rf 0,45 and 0,55, The presence of plant material
4id not, apparently, affect the movement of IAA in this solvent systam,
The area of the chromatogram betwean Rf 0,45 and 0,57 was ~luted with
methanol and the eluant loaded onto a t.l.c. sheét, alongside 1 ug and
5 ug IAR markers, Tho chromatogram was developed with the acidice
solvent (chloroformsjacetic acidssl9:l) and sprayed with Ehrlich's
rsagent, The marker spots of IAA appeared mauve, later becoming blue,
at Rf Q0,19 to 0,25, The sxtract gave a similar coloration betwaen

Rf 0.18 and 0,26 and was estimated visually by colour intensity and
area to contain approximately 12 ug IAA, The recovery of applied IAA
by this method was, therefore, approximately 50 percent,

The second eluant (=25 ug applied IAA) was loaded onto a small
paper chromatogram which was developed with the basic solvent, An
IAA marker chromatogram showed fluorescence under 254 nnm u.v. light at
7 0,51 to 0,6% and pink over the same area after testing with Ehrxlich's
reagent, The extract chromatogram exhibited a number of fluorescent
and abzorbent areas under u,v, light including IAA=-like fluorescence
at REf 0,45 to 0,52, This chromatogram was bioassayed with Avena
coleoptile segnents, revealing the presence of strong growth promoting
activity hetween Rf 0.4 and 0,6 and also some promotion at Rf 0.8 to

0.9 (Figure 26). The major growth activity, which was just behind the




Figure 26 : Bicassay of extract of ¢. 23 ug standard IAA.

7.8.72 : data = mean - 4 8.E. of length of Avena coleoptile

seguents for each segment of chromatogram or each quantity

of authentic IAA; horizcental line (C) = control segment of

chromatogram frem behind the origin; horizontal bar =

position of IAA on marker chromatogram detected under u.v.

light and chromogenically.

Approximate estimated quantity of growth activity present

on chromatogram:-

Rf szone IAA equivalents
(ug)
0.4 to 0.5 6.3
0.5 to 0.6 2.2

0.8 to 0.9

1.4
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position of the marker IAA but centred around the area of IAA=like
fluorescence on the axtract chromatogram, was equivalent to approxe-
imately 8.5 ug IAA, This represents a recovery of approximately 35%
of the applied IAA, The growth activity at Rf 0.8 to 0,9 was equivalent
to ¢, 1.4 ug 1AA and may represent breakdown of IAA by the extraction
and purification procedures, an impurity present in the stock IAA or
possibly a substance(s) extracted from the leaf tissue or created by
the procedures,

(11) Solvent blank

The poasibility that the procedures adopted for the

extraction of shoot tissue might in themselves lead to the occurrence
of auxin-like activity or indeolic properties was investigated by
passing methanol pius distilled water through those procedures,
Ageordingly, 1 1 methanol mixed with 50 ml distilled water was left
in darkness at room tamperature, and taken through the standard partit-
ioning and chromatographic procedures. Rzlf of the extract, after acidic
and basic paper chromatography and acidic t.l.c., gave no colour reaction
to Ehxlich's reagent, The other half, after acidic and basic paper
chromatography, showaed no growth activity in the bicassay (Figure 27).

(111) Young shaot tissue

Young shoot tips exnised fxom batches of 3000 bean plants
grown in wooden boxes were axtracted with methanol, The extracts from
5 separate batches were purified in similar manner to the standard IAA
and solvent blank extracts and vere assayed in a number of different ways.

EBxperiment a, Extract of approximately 2800 shoot tips,
weighing 56 g, excised from 12 4 old plants, vas purified by partitioning
and agidic and basic paper chromatography beforxe t.l.c. and testing with
Ehrlich's reagent. IAA-like fluoresence was exhibited by the base-
devaloped chromatograms, Half of the extract (="-1400 shoot tips),

after acidic t.l.c,, exhibited colour estimated visually by area and



Pigure 27 : Bioassay of blank extract.

14.8.72 : presentation as in Figure 26,
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intensity to be equivalent to c, 0.25 ug IAAR (Plate 7).

Experiment b, Extract of ¢, 2000 shoot tips, weighing
45 g, axcised from 10 4 ©ld plants, was purified by partitioning and
acidic and basic paper chromatography. Approximately one=-third of the
extract (==-930 shoot tips) waa inserted by direct probe into the AEIX
MS12 mass spectrometer, There was no indication of the presence of
IAA in the extract. Each remaining one=third of the extract was sub-

jocted to t,l.c,, Oone portion in acidic solvent, the other in bhaaic

solvent, before testing chromogenically, There was no indication of IAA,

Experiment c. Extract of c, 2800 shoot tips, weighing
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65 g, excised from 12 4 old plants, was purified by partitioning and acidic

and basic paper chromatography. The extract was strip~loaded onto a
glass=backad silica gel plate and the chromatogram developed with the
basic solvent (methyl acetatei:iscpropancliammoniag 191724). There was
bright blue fluoraescence with the same Rf as an IAA marker but this was
visible under both 254 and 350 n= u,v, light, This area was scraped
from the t.l.c, plate and extracted with 1 ml methanol for 1 h with
occasional shaking. The silica gel was centrifuged out at 3000 rev
dn-l for 10 min and the extract inserted by direct probe into the AEI
NS12 mass spectromater, There was no evidence for the presence of IAA,
Experiment 4. Extract of c, 2800 shoot tips, weighing
4% g, excimed from 14 d old bean plants, was purified by partitioning
and acidic and basic paper chromatography. One quarter of the
axtract (=700 shoot tips) showed no avidenca of growth prowoting
activity in the biocassay (Figure 28)3; indeed, there was an inhibitory
region overlapping the Rf zone of IAA, U.v. fluoresconce suggested
that the chromatogram may have been overloaded,
The other three-gquarters of the extract (=C=2100 shoot tipa),
which had shown IAA=-like fluorescence under u,v, light on the base

developed paper chramatogram, showed approximately 0.5 ug IAA




Plate 7 : Thin layer chromatogram developed in chloroform:acetic
acid::19:1 and spraved with Ehrlich's reagent : Experiment a.
27.7.72 : left = 0.5 ug IAA; centre = extract from c. 1400 shoot

tips; right = 1.0 ug IAA.
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Figure 28 : Bioassay of shoot tip extract : Experiment d.

24.8.72 : presentation as in Figure 26,
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Plate 8 : Thin layer chromatogram developed in chloroform:acetic
acid:119:1 and sprayed with Ehrlich's reagent : Expeximent d.
24.8,72 : left = 0,5 ug IAA; centre = extract from c. 2100 shoot

tips; right = 1,0 pg IAA.




equivalents after acidic t,l.c, and testing chromogenically {(Plate 8).
Experiment a, Extract of ¢,2700 shoot tips, welghing

60 g, excised from 19 d old plants, was puxified by partitioning and
acidic apd basic paper chronatography. One half of ti.e extract
(=== 1350 shoot tips), which had shown no IAA=like u,v. flucrescence
on the base developad chronatograms, was shown by bloassay to contain
growth promeoting activity in the region of the chromatogram just
behind that of IAA, equivalent to ¢, 0.4 ug IAA (Figura 29), Further-
more, betwean Rf 0.8 and 0.9 there was growth promotion eguivalent to
C, 0,14 ug IAA,

Tha other half of the extract, after basic t.l.,c., was tested
chromogenically but gave no evidence for tho éxesancc of IAAR, The

chromatogram may have been overloaded.

(iv) Young shoot tissue, o0ld leaf tissue and standard

IAA-adapted method

Experiment £, Approximately B000 shoot tips, weighing
180 g, were coxcised from 28 d old soil=grown bean plants and extracted
3 times for 24 h at 2°C with 3 1 methanol. Two similar quantities of
mature primary leaf tissue from the same plants, one with 400 ug added
IAR, were treated similarly, Each extract was filtered thxough
sintered glass and purified by the standard partitioning and acidic and
basic paper chromatography procedures, although on a larger scale than

previously, On the rase-developed paper cliromatograns the standard
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IAA and the shoot tipes axtracts both exhibited IAA=like u.v. fluwrescence,

One-twelfth of each extract (===665 shoot tips or 33 pg added IAA) °

was bioassayed (Figure 30). Growth promoting activity in the IAA gone
equivalent to c. O.l ug IAA was demonstrated {n the shoot tip extract,

together with c. 0,025 pg IAMA equivalents at Rf 0,8 to 0,9, There was

no growth promoting activity in the old leaf extract, The standard IAA



Figure 29 1 Biocassay of shoot tip extract : Experiment a.

7.10.72 : presentation as in Pigure 26.

Approximats estimated gquantity of growth activity present on

chiromatograns =

Rf zone IAR equivalents
(ug)
0:2 to 0.3 0.1
0.3 to 0.4 0.1
0.4 to 0.5 0.2
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extract chromatograsm exhibited growth promotion at the IAA region
equalling ¢. 3 ug IAA plus ¢. Q0.7 ug IAA equivalents at Rf 0.8 to 1.0,
One-sixth of each extract (="-1330 shoot tips or 67 ug standard
IAR) was tested chromogenically after t.l.c. in acidic solvent (Platas 9),
Thezre was no sign of indole activity in the old leaf extract, ¢, 10 ug
IAA equivalents in the standard IAA extract and ¢, 0.5 ug IAA equivalents
in the shoot tip extract,
The remainder of each extract (==5330 shoot tips or 267 ug IAA)
was evaporated to dryness and treated with 50 ul BSA to form the
trimethylsilyl derivative of IAA (TMS-IAA), Analysis of 5 ul sanples
{==533 shoot tips or 26.7 ug added IAA) by g.l.c. indicated the
preasence of a large number of substances in each of the extracts (Figure
3l1)s The retention time for the large standard IAA peak undar the
conditions employed was 9,45 min, After the same time the shaot tip
extract showed a small but distinct peak of activity, while the old
leaf extract exhibited just a tiny shoulder on a previous peak, Similar
traces were also obtained from the chart recorder linked to the g.l.c.
at its connection with the AEI MS3O mass spectrometer (Figure 32).
The samples were chromatographed under the same conditions as before,

but with He carxier gas instead of N_, and showed a similar retention

2
time for IAA - 9,6 min, The arrowed numbexrs on these traces show the
positions where mass spectra were taken from other aliquots of the
same extracts,

Mass spectrometry confirmed that the large g.l.c. peak from the
standard IAA extract with a retention time of 9,6 min was indeed IAA
(Pigure 33). The spectra of both standard TMS=-IAA (Pigure 33D) and
the TMS-IAA extract (Figure 33C) showed large peaks for m/e 73, 202
and 319, The latter represents the molscular ion for TMS-~-IAA (Figure

34) , while the larger peak at m/e 202 represents the major fragmentation

product, which has lost COOTMS (117) from the molecular ion by cleavage
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Figure 30 : Biocassay of A shoot tip, B primary leaf, C primary

leaf + standard IAA extracts : Experiment f.

24.4.73 : presentation as in Pigure 26.

Approximate estimated quantities of growth activity present

on chromatograms:-

Extract Rf zone IAA equivalents
(ug)
A 0.3 to 0,4 0.05
0.4 to 0.5 0.085
0.8 to 0.9 0.025
Cc 0.3 to 0.4 0.5
o.‘ to 0'5 2.‘
0.5 to 0.6 0.1
0.8 to 0.9 0.63

0.9 to 1.0 0.04
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Plate 9 : Thin layer chromatograms developed in chloroform:acetic
acid::19:1 and sprayed with Ehrlich's reagent : Experinment £.
24.4.73 1 A = extract from c. 1330 shoot tips; B = extract from
primary leaves; C = extract from primary leaves + c¢. 67 ug

standard IAA.

|AA IAA |
O-1ug B Tug A 0/5\;&: C
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Figqure 31 : Gas-liquid chromatography of BSA-treated extracts
from A shoot tips, B primary leaves, C primary leaves + standard

IAA : Experiment £ :

24.4.73 ; g.l.c. performed as described in 'EXPERIMENTAL
PROCEDURES'; S pl samples injected; chart speed = 20 in h T ;
traces taken directly from charts produced by gas chromatograph;

arrows indicate retantion time of TMS-IAA.
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Figure 32 : Gas-liquid chiromatography of BSA-treated extracts
from A shoot tipe, B primary leaves, C primary leaves + standard

IAA : Experiment £ .

24.4.73 : g.l.c. performed as described in ‘EXPERIMENTAL
PROCEDURES' for g.l.c.-mass spectrometry; A 2, B S, C 2 ul
sanmples injected; chart speed = 1 om nin-l : traces taken
directly fron charts produced by Servoscribe chart recorder

at outlet from gas chromatograph to AEI M530 mass spectrameter;
number ayxrows indicate position where mass spectra were taken
from other aliquots of the same extracts (1 = retention time

of TMS-IAAR -~ Pigure 33, 2 - PFigure 135).
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Fiqure 33 : Mags spectra of peak 1 (Figure 32) or authentic
THS-IAA introduced from the gas chromatograph to the ABY MS30

nass spectrometer : Expariment £.

24.4.73 @+ A = shoot tip extract, B = primary leaf extract,
C = primpary leaf + standard I\A extract, D = authentic THE-IAA :
g.l.c.~mass spectrometry performed as described in 'EXPERIMENTAL
PROCEDURES'; A, C, D= 2, B = § y)] samplas : largest peak
assigned 100% relative abundance and other peaks expressed as a
percentage of this peak; peaks which appoared substantially in

background spectra were not included.
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Figure 34 : Formation and fragmentation of the trimethylsilyl

derivative of indole acetic acid.

A = {ndole acetic acid (IAR)

B = bis-trimethylsilyl acetamide (BEA)

C = bis-trimethylsilyl indole acetic acid (TMS-IAA) - m/e 319
D = m/ag 202

E = trimethylsilyl (TMS) - m/e 73

P = COOTMS - m/e 117

A + B » C,

Upon fragmentation by nass spectronetry, C + D, E, F et al.
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through the side chain. The peak at m/e 73, found in all the nass
spectra, is produced by 'TMS, Tha ratio of the height of the peak at
m/e 319 to that at m/e 202 was O.16i11 for the standaxd IAA and 0,13:1
for the IAA passed through the extraction procedures.

The peak from the shoot tip extract with a retention time of 9.6
min also exhibited a strong mass spectrum for IAA (Figure 33A) with a
zatio of peak heights for m/e 319:202 of 0.12:1l, Measurement of the
peak height at 202 in this spectrum, compared with that in the spectrum
from standard IAA (0,06 ug) indicated approximately 0.14 ug IAA to be
present in 2 pl of the TMS-extract. This method of measurexent, thers—-
fore, gave a figure of 3.5 uy IAA extracted from 5330 shoot tips.
There was no evidence for the presence of IAA in the old leaf extract
from the mass spectrum of the activity in g.l.c. with a retention time
of 9.6 min (Figure 338),

All 3 extracts showed a peak from g.l.c, with a retention time of
13,6 min (Pigure 32). On the introduction of this activity from each
of the extracts into the mass spectrometer similar spectra were abtained
{Figure 35). The major peaks, in addition to that at m/e 73, were at
nw/e 75, 117, 129, 132, 145 and 313, The standard IAA extract also
showed a trace of IAA, with snmall peaks at m/e 202 and 319, ‘The peak
at n/e 117, which appeared to a greater ox lesser extent in all the spectra,

®may represent COOTMS: the other pesaks have not been identified,

(v) Summary

It is obvious that there was much variation between indiv-
idual experiments, despite using similar techniques for each, IAA-
like fluorescence under u,v., light was exhibited by 4 out of 6 extracts,
The bicassay technique was used in 3 experiments (Table SA): growth
pronoting activity which had co=chromatographed with IAA in 2 solvent

systems was dstected from shoot tip extracts in 2 of these. The amount




Figure 35 : Mass spectra of peak 2 (Figure 32) introduced from
the gas chromatograph to the AEI MS30 mass spactrometer

Exporimant f.

24.4.73 1+ A = ghoot tip extract, B = primary leaf extract, C =
primary leaf + standard IAA extract : 5 ul samples injected :

presentation as in Pigure 33.
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Table 5A : Amounts and concentrations of auxin extracted from shoot

tips of Ph. vulgaris ; estimated by bicassay.

Expt. No., of Weight of IAA equiv- IAA equiv- IAA equiv~ Recovery

shoot shoot alents alents alents (%)
tips tips (q) {(ug) (ng/shoot  (ng/g)
tip)
d 700 11 0.0
e 1350 34 0.4 0.30 {0.9) 11.8 (35) 35
£ 665 15 o8 | 0.15 (1.5) 6.7 (67) 10

Table 5B: Amounts and concentrations of auxin extracted from shoot

tips of Ph. wvulgaris; estimated by chromogenic assay.

Expt. No. of Weight of IAA equiv- 122 equiv- IRA equiv- Recovery

shoot shoot alents alents alents (%)
tips tips (g)  (ug) {(ng/shoot  (ng/q)
tip)

a 1400 27 0.25 0.18 (0,4} 8.3 (19) 50
b 930 15 0.00
d 2100 33 0.50 0.24 (0.5) 15.2 (30) 50
e 1350 34 0.00
f 133c 30 0.50 0.38 (2.5) 16.7 (111) 15

Figures in brackets are estimates corrected for losses during

extraction and purification.
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of growth activity was estinmated, by comparison with IAA standards and
calculation to allow for losses during purification, to be in the orxder
of 0,9 to 1.5 ng IAA equivalents from each shoot tip orxr 35 to 67 ng IAR
equivalents g ' fresh weight of tissus.

The chromogenic assay indicated indole activity which had co-
chromatographed with IAA in 3 solvent systems in 3} out of 5 extracts
{Table 5B). Approximate quantification, allowing for purification lceses,
suggested that the amount of activity in IAR equivalents was in the order
of 0.4 to 2.5 ng from each shoot tip or 19 to 111 ng ¢~ fresh waight.

G.l.c, -~ mass spectrometry of the shoot tip extract from Experiment
f confirmed the presence of IAA in a quantity equivalent to c. 0.66 ng
from each shoot tip (without allowance for purification losses) suggesting
that the IAA=-like activity detacted by bicassay and chromogenic testing

vas, indeed, mostly due to IAA,

C. Collection in agar

The ‘agar-diffusion' technique was used to collect auxin translocated
basipetally out of isolated shoot tips similar to those used for auxin
aextraction, The agar was extracted with methanol or ether and the
extract subjected to paper chromatography in 1 or 2 solvent systems beforxe
assay with similar techniques to those enmployed for the shoot tip extracts,
Extracts of standard IAA in agar, and of agar alone, ware also tasted,

(1) Standard IAA

175 ug IAA in 10 ml agar was allowed to stand for 6 h at
25°C under white light before being extracted 3 times with 30 ml methanol.
The methanol was evaporated under vacuum and the residue redissolved in
3 x 0.5 ml methanol. The extract was loaded onto a small paper chrom—
atogram which was developed with the basic solvent and biocassayed with
Avena coleoptile seguments (Figure 36). Growth activity equivalent to
c. 10.7 ug IAA vas detected in the IAA Rf gzone of the chromatogram: this

represented a recovery of only 6% of the applied IAA.



Figura 36 : Biocassay of axtract frow agar containing 175 ug

standard IAA.

9.3.73 : p!.llntlum as in !’-qu. 26,

Approxiuate estimated quantity of gxowth activity present on

chromatograa: -

Rf zone IAA equivalents
(uaq)

0.3 to 0.4 7

G.4 to 0.5 3.5

0.5 to 0.6 0.2
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(11) Young shoot tips

Experinent a, 95 shoot tips were excimed from 1B 4 old
plants and left on 3.6 ml agar for € h. The methanolic extract of the
agar was subjected to papar chromatography in acidic followed by basic
sclvent prior to bicassay (Figure 37). The extract contained growth
promoting activity, equivalent to 0.25 ug IAA, which had co-chromato-
graphed with marker IAA in both solvent systems. There was also strongly
inhibitory activity near the solvent front of the chromatogram, The
chromatography paper used in this experiment was not prewashed in
methanol and there was a yellow coloration near the solvent front which
may have arisen from the paper itself, and may have been associated
with the inhibition.

Experiment b. 88 shoot tips from 14 d old plants were left
for 6 h on 2,4 nl agarx., Another 2.4 ml agar without shoot tips was
treated similarly as a control. Ths methainolic extract of each portion
of agar was chresmatographed in acidic then basic soclvent and bicassayed
(rigure 38). There was no significant growth activity in either extract.

Expariment c. 70 shoot tips, weighing 10 g, from 20 4 old
plants were left for 6 h on 4.8 ml agar, alongsida 4.8 ml control agar.
Methanolic extracts of sach portion of agar were chromatographed in basic
solvent and biocassayed (Figure 39). The agar control chromatogram
{(Figure 39B) exhibited some growth promoting activity at Rf 0.5 to 0.7.
The shoot tip agaxr chromatogran (Pigure 3%A) showed this activity as well
as <. 0.14 yg IAA equivalents between Rf 0.3 and 0.5. By subtracting the
values of coleoptile length for the control agar chromatogram from those for
the shoot tip agar chromatogram, a narrow band of growth promoting activity,
co-chromatographing with IAA, was indicated (Pigure 39C).

Exparinent d. 94 shoot tips, weighing 4.5 g, from 18 4
old plants were left on 4.0 ml agar for 6 h, alongside 4.0 ml cantrol

Agar. Bicassay of the methanolic extracts, after chromatography in
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Pigure 37 1 Biocassay of extract from agar after collection from

shoot tips : Experiment a.

3.3.72 : prosontation as in Pigure 26.

Approximate estimated guantity of growth activity present on

chromatogram: -

Rf zone IAA equivalants
{ug)
0.5 to 0.6 Q.22

0.6 to 0.7 0.03
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Pigure 38 : Bicassay of extracts from A agar after collection

from shoot tips, B plain agar : Experiment b.

1.5.72 : presentation as in Figure 26.
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Pigure 39 1 Bioassay of extracts from A agar after collection

from shoot tips, B plain agar : Experiment h.

4.3.73 : presentation as in Pigure 26 : C = A-B,

Approxinate estimated guantity of growth activity present on

chromatogran of extract A :-

Rf zone IAA equivalents
(ug)
0.3 to 0.4 0.03

0.4 to 0.5 0.11
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the basic solvent, again indicated the presence of growth activity from
the agar at Rf 0.5 to 0,7 and of growth promotion from shoot tips, co=-
chromatographing with IAA and equivalent to 0.45 ug IAA (Figure 40),

Experinent e, Approximataly 500 shoot tips, weighing

24 g, from 21 4 old plants grown in wooden boxes were left for 6 to 8 h
on 22 ml agar, alongside 22 »l control agar, One half of each portion
of agar was extracted with methanol, the other half with ether. The
extracts were chromatographed in acidic then basic solvent and bjioassayed
(rigure 41). All the extracts exhibited growth promoting activity near
the IAA zone, but there was little evidence for activity collected from
the shoot tips,

Experiment f, Approximately 2400 shcoot tips, weighing
130 g, from 22 d old soil-grown plants were left on 400 ml agar for
6 to 8 h, alongside 400 ml control agar, The methanolic extract of
sach portion of agar was divided into 2 portioms, One half (=2=1200
shoot tips) was chromatographed twice in the basic solvent and biocassay
(Figure 42) indicated the shoot tips to have produced c. 8.5 ug IAA
equivalents of growth activity co-chromatographing with IAA, The other
half (=2-1200 shoot tips) was subjected to paper chramatogrxaphy in the
basic solvent followed by t.l.c. in the acidic solvent, before testing
with Ehrlich's reagent, Markers of 0,5 and 1.0 ug IAA showed glearly
as mauve areas at Rf 0,18 to 0.,23: on the same chromatogram there was
no coloration from the control agar extract, On another chromatogram
developed sixmultanecusly in the same solvent 0,05 and O,1 pg IAA markers
were not detected chromogenically but there was an area the same colour
as IAA, eguivalent to ¢, 1 ug IAA, from the shoot tip agar extract,
This region was at Rf O,15 to 0,19 (just behind the Rf of IAA on the
other chromatogran).

{141) Young shoot tips - adapted method

Experiment q. Approximately 6000 shoot tips, weighing



Figure 40 : Bicassay of extractes from A agar a2fter collection

fram shoot tips, B plain agar : Experiment d.

9.3.73 : presentation as in Pigure 26 : C = A~B,

Approximate estimated quantity of growth activity present on

chrawatogram of extract A:-

Rf zone IAA equivalents
{ug)
0.3 to 0.4 Q.05

0.4 to 0.5 0.4
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Figure 41 : Biocassay of methanol extract from A agar after
collection from shoot tips, B plain agar and of asther extract

fxom C agar after collection from shoot tips, D plain agar;

Experinent a.

13.3.72 : presentation as in 'fgure 26.
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Figura 42 : Bioaasay of extract from A agay after collection from

shoot tips, B plain agar : Experiment f.

22.3.73 : praesentation as in Pigure 26.

Approxinate estimated gquantity of growth activity preseat on

chromatogram of Extract A:-

Rf zone IAA equivalents
(ug)
0.1 to 0.4 0.3
0.4 to 0.5 8.0

0.5 to 0.6 0.2

al2
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170 g, were excised from 17 4 old sofil=grown plants and left on 600 ml
agar for 6 to 8 h, The agar was extracted at 2°C with 3 portions of
diethyl ether which was subsaquently stored at -15°c. The extract was
decanted while ¢:‘Oqc and filtered through sintered glass before evap=
oration of the ether, The residue was redissolved in mathanel, papex
chronatographed in basic, acidic and basic solvents and introduced by
direct probe into the AEI MS1l2 mass speactrometer, The characteristic peaks
of IAA at m/e 175 and 130 (Jamieson and Hutzinger, 1970) were not present
in the spectra of the extract although they were evident in a spectrum l
obtained from a sample of authentic IAA,

Experiment h. Approximately 2500 shoot tips, weighing 60 g,
waxre excisad from 18 d cld soll-grown plants and left on 300 ml agar for
6 to 8 h, together with 300 ml control agar, Each portion of agar was
extracted with ether as in Experiment g and the extract paper chromato~
graphed in the basic solvent, One quarter of each extract (=X=625 -
shoot tips) was then chromatographed on a t,l.c. sheet in acidic solvent
and tested chromogenically, Although 0.5 and 1.0 ug IAA markdérs were
clearly visible there was no colour reaction from eithsr extract, Another
quarter of each extract (=2=625 shoot tips) was introduced directly into
a vial for bicassay; thexe was no significant growth activity in eitherxr
extract (Table 6). The remaining half of the shoot tip agar axtract
{==1250 shoot tips) was dried under OFN, %xeated with BSA and analysed
by ge.l.c., (Figure 43), There was no evidence for the presence of IAA
in the extract,

{(iv) Summarv

As in the extraction experiments, there was much variation
between individual experiments, Unlike extracts, however, agar
collections from shoot tips never exhibited IAA=-like fluorescence under
u.v. light on base-~devaloped chromatograms, In 4 out of 7 axperiments

auxin activity in the Avena coleoptile straight growth assay, equalling
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Table 6 : Bioagsay of standard quantities of IAA and extracts of

agar with and without shoot tips of Ph. vulgaris

IAR Length of coleoptiles
(ng) (mm)
0.0 6.9 £ 0.1
0.1 7.8 0.k
1.0 8.3 2o.1
10.0 5.3 20.
Extract
+ shoot tips 7.2 20
- shoot tips 7.3 T 0.t

Expariment h : 29.3.73 : c. 625 shoot tips : results = mean length

10 Avena coleoptile segments . S.E.



Picqure 43 : Gas-ligquid chromatography of BSA-treated A authentic
IAA, B extract from agar after collection from shoot tips :

Experiment h.

29,3,73 :+ details as in Figure 31.
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Table 7 : Amocunts and concentrations of auxin collected in agar from

shoot tips of Ph. vulgaris;

estimated by bicassay.

Expt. No. of Weight of Time IAA equiv- IAA equiv- IAA equiv-
shoot shoot (h) alents alents alents
tips tips (9) (ug) {(ng/shoot (ng/shoot

tip) tip/d)
a 95 6 0.2% 2.6 10.4
b 88 6 0.00
c 70 10 6 0.14 2.0 8.0
a 94 4.5 6 0.45 4.8 19.2
e c.250 48 6 to 8 0.00
£ €.1200 65 & to 8 8.50 Tsd 24.1
h 625 15 € to 8 0.00
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2 to 7 ng IAA equivalents from each shoot tip and co-chromatographing
with IAA in at least one solvent system, was shown by agar collections
from shoot tips (Table 7). Even without allowance for losses during
extraction and purification this guantity was greater than that extracted
directly from shoot tips.

On one occaslon chromogenic indication of indole activity equivalent
to c. 0.8 ng IAA from each shoot tip was cobtained by collection in agar,
Mass spectromety and g.l.c. of agar collections from shoot tips gave
no evidence for IAA,

Without allowing for losses during extraction and purification,
and assuming a steady rate of transfer of auxin into the agar, it was
calculated that each shoot tip was producing approximately 8 to 25 ng
d-l IAA equivalents. At least 100 times this amount of IAA in lanolin
was required to replace the upper shoot with respect to inhibition of

Jateral bud growth on decapitated bean plants (see 'THE INVOLVEMENT OF

INDOLE ACETIC ACID, Application').

D, Application of inhibitors of auxin transport

In order to investigate the possible involvement of endogencus auxin
translocation in apical dominance, the auxin transport inhibitors 2,3,5-
triiodobenzoic acid (TIBA) and a morphactin (CFM) were used. They were
applied in lancolin as a ring around the 2nd internode of approximately
3 week old plants, The ring was ¢, 2 cm long, contained 0,25 ml lanolin
and was replaced on the 2nd and 4th days after the original application.

In the first experiment (Figure 44) it was found that the primary
leaf axillary buds, which showed some growth on control plants, extended
considerably moxe in the presence of 0.l to 10 mg g-l TIBA or 5 to 100 ug
g.1 CFM. It was also discovered, however, that these substances caused
the abscission of many of these buds (Flgure 44C,D) as well as of other

buds, leaves and internodes from the plants., Confirmatory experiments

(Figure 45), with plants on which control buds grew little, suggested
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Figure 44 : A, B Growth and C, D abscission of primary leaf
axillary buds on intact plants treated with A, C TIBA or

B,D CPM.

9.2.72 : Ph. vulgaris; 23 d old plants : controlled environment
cabinet : 10 plants/treatment; randomized : growth data = mean
? 5.E. of voubined length of lst internodes of primary leaf
axillary buds; abscission data = numboer of buds abscinded from
10 plants; growth plots expressed as dashed lines when some buds
abscinded and terminated when bwis abscinded from more than 5
plants in that treatment : results confirmed in 1 further

experinent : key:-

Concentration of chemical
Symbol -1 1
TIBA (g g ) CMM (ug g )

@ 0.0 o
o.1 5
A 1.0 50

v 10.0 100
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Flgurxe 45 : A, B Growth and C,D abscission of primary leaf
axillary buds on iantact plants treated with A,C TIBA ox

B,D CFM and plants decapitated through the Ind interxrnode.

20.2.72 : details as in Pigure 44 : key:-

Concentration of chemical
Syubol | =
TIBA (mg g ") CPM (ug g

)

® 0 ¢}
A 1 50
v 10 100

Decapitated plants
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that there was only limited outgrowth of the priwary leaf axillary buds
before they abscinded in response to TIBA and CPM,

The effocts of these chemicals were subsequently investigated
on the growth (Pigure 46) and abscission (Figure 47) of all parts of
the shoot of these plants. TIBA (1 mg g °) and CPM (50 ng g 1) had
no effect on the 3rd internode, which had almost ceased growth at the
start of the experiment (Figure 46, 47A). The growth of the 4th inter-
node was retarded 2 d after application of either of these chemicals)
this internode later abacinded from a few of the treated plants, The
growth of the 5th internode was more seriocusly retarded vy TIBA and CPM)
aftzr 5 4 abscission through this internocde had occurred on almost all
treated plants, Thess substances also caused within 5 4 complete
abscisinion through the 6th internode, which was just beginning its phase
of growth, Occasionally abscission of this internode occurred in
control plants with plain lanolin applied, With a similar pattern,
TIBA apd CFM partially inhibited the growth of the 2nd trifoliate leaf,
causing occasicnal abscission, but rapidly led to the abscission of the
younger 3rd and 4th trifoliate leaves (Figure 46, 47B), The mature
primary and lst trifoliats leaves were apparently unaffected by these
treatments, The promotion by these compounds of the growth and sub-
sequent abscission of the primary leaf axillary buds, which were below
the point of application of the chemicals, was confirmed (Figure 46, 47C).
TIBA and CPM did not affect the growth of the lst and 2nd trifoliate leaf
axillary buds, which were above the point of chemical application, but,
neverthaless, caused their abscission, On plants left longer than a
week after treatment the cotyledon axillary buds and the sacondary
axillary buds at other nodes often showed an initial outgrowth followed
by their abscission,

The abscission of leaves and leaflets occurred by the formation of

pramature abscission zones at the pulvini, where abscissicn zones are
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Figure 46 : Growth of A stem internodes, B trifoliate leaves,
C lateral buds on intact plants treated with 1 mg q-1 TISA (B ),

S0 ug 9-1 CPM ( A ) or control lanoclin (@ ).

4.3.72 : Ph. vulgaris; 22 4 old plants : controlled environment
cabinet : 10 plants/treatnent; randomized : points = mean increase
over length on day O; A = length of 3xrd, 4th, 5th and 6th inter-
noden, B = length of terminal leaflet of 2nd, 3xd and 4th
trifoliate leaves, € = length of lst internocde of longer (LB)

and shorter (SB) primary leaf axillaxy buds, lst and 2nd trifoliate
leaf axillaxy buds; plots for each organ exprensed as dashed lines
when abscission of that organ occurrxed on any of thea plants and
terminated when abscission of that organ occurred on nmore than

S plants : xesults confirmed in 2 further experiments,
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Pigure 47 : Abscission of A stem interncdes, B trifoliate leaves,
C lateral buds from intact plants treated with 1 mg q_l TIBA (m ),

50 ug g-l CFM ( A ) or control lanolin (@ ).

Experimental details as in Figure 46 : points = nunber of each
organ abscinded frowm 10 planti; A = ahscission of 3Ixd, Jth,
Sth and 6th internodes, B = ahacission of 2nd, 3rd and 4th
trifoliate loaves, C = abscission through lest internode of
longer (LE) and shorter (SB) primary leaf axillary buds, lst
and 2nd trifoliate leaf axillary buds : results confirmed in

2 furthar experiments,
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normally formed during senescence (Brown and Addicott, 1950; Websterx,
1968), Abscission of the buds and stem occurred in growing internodes
by the formation of adventitious abscission layers which have beaa
desczibed by Whiting and Murray (1948). Other symptomns of treatment
with TIBA described by these authors were evident in both TIBA and CPM
treated plants in these experiments, The partially expanded 2né tri-
foliate leaf exhibited a dovnward curvature of the tip of each of its
leaflets; their margins were also rolled downward and inward, and their
laninae showad a 'pebbled' upper surface, Bafore their abscisaion the
youngex leaves, both on the main shoot and on the lateral buds, showed
marked epinasty and a silvery cclour from hairs on the laminae., There
were no obviocus signs of senescance,

Application of TIBA or CFM in lanoclin as a ring arocund the stucy
of the 2nd internode of decapitated plants did affect the primary leaf
axillary bwds, but less drastically than on intact plants, Thare was
some variation hetween experiments (Figure 48), In the first sxperiment
{(Pigure 4B6R) the growth of the primary leaf axillary buds on decapitation
was scarcely affected by TIBA or CF¥, although abscission layers were
formed through the let internodes of 3 of the buds, Surprisingly, scae
abscission cccurred through the 2nd or 3rd internodes of 3 or 4 of the
buds on plants of each of the decapitated control treatments; 8 buds
showaed these abscission zones on hoth TIBA and CPM treated plants, in
the second experximent (FPigure 48E), using slightly lower concentrations
of the IAA transport inhibitors, CPM slightly inhibitad tha growth of the
primary leaf axillary buds, while TIBA had littla influence, Both
substances induced abscission of a few buds, In tha third experiment
(Figqure 48C), peculiarly, TIBA and CFM treated plants exhibited bud
growth similar to that of decapitated plants without lanolin: plants
with plain lanolin applied, howevar, showed much greater bud growth,

TIBA induced an abscission laver on just one bud while CFM caused
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Pigqure 48 : Growth of primary leaf axillary bunds on decapitated
plants of Ph. vulgarias treated with no lanolin ( v ), control
lanclin (O ), TIBA (O ) or CPM ( A ) in lanolin.

A,B,C = 3 experiments,

A1 3.3.72 : 21 4 o1d plants, B : 13.5.72 : 19 @ old plants,

C : 31.5.72 : 23 4 o0ld plants : controlled environment cabinet :
A= 10 mg gt TIRA, 100 ug g"'cm; B,C = 1 ng g * TIBA, 50 ug
q-lcm 1 10 plants/treatnment; randomized : points = mean 2 S.B,.

of combined length of lst internodes of primary leaf axillary buds.

Nunber of buds asbscinded through either the lst internode or

other internodes on the final day of each experinent:-

Treatnent A B .
lst Others 1st Otherxs lat Otherxs
No lanolin (o] 4 o] (o] (8] (o]
Control O 3 0 (o] o (o]
TIBA 3 8 2 2 0 1
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abscission of most of the buds through the 2nd or 3xd internode,

TIBA and CFM in all the experiments induced epinasty and occasional
abscission of the expanding young leaves on the outgrowing buds. In
gener:l, TIBA and CPM both had little effect on the growth of buds on
decapitated plants over a period of one week but they were capable of
inducing adventitious abscission layer formaticn through the growing

internodes of these buds,



3. THE TRANSLOCATION AND METABOLISM OF APPLIED GROWTH

RERGULATORS

In view of the possible roles of the growth regulators IAA, ABA
and GA and of phloem translocation in apical dominance, the location
and chromatographic properties of radiocactivity were studied after
application of [l‘c]nn. [“c]m. [l‘c]m and [uc]-ucrouo to intact
bean plants of similar sime and age (2 to ) waeks) to those used for
the growth and auxin experiments, ‘The radiochemicals were applied in
blocks of agar at concentrations selected to give approximately equal
radioactivity in each block for each substance. Application was made
to the abraded surface of either a mature primary leaf or a& young,
expanding first trifoliate leaf of the size (terminal leaflet 3 to & cm
long) that can alone completely inhibit lateral bud growth (Figure 16).

After 24 h incubation with _:.dionc:lvity the plants were divided
into donor leaf, upper shoot, lower shoot and xoots, For gquantitative
assay of radioactivity by liguid scintillation spectrometry these portions
were further seguented, while for qualitative assay they ware chopped

and extracted with mothanol, and the extracts paper chromatographed,

A. Application to a mature primary leaf

(4) Quantitative assay

Of the donor leaf, usually the lamina under the donor block

{donor area), the midrib and the petiocle only were assayed, but some-
times the lamina immediately arocund the donor area, and occasionally
tho rest of the lawnina, were included (Figuxe 49). The whole of the
upper shoot, lower stem and roota, but only the midrib and petiole of
the opposite primayxy leaf, were harvested.

The uptake of all the chemicals after 24 h was always greater than
908, usually greater than 99% (Table 8). The recovery of applied radio—

14

activity, calculated as a percentage of the ~ C in unused donor blocks,

was very variable between experiments; in general recovery was greatest




Figure 49 : Diagrammatic reprosentation of an approximately 2
week old plant of Ph. vulgaris with primary leaf application of

radicactivity.
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from [uc]m and [uc]m, less from [uclm and least from [ucllucrOl..
Because of the differing quantities of radicactivity recovered, the l"4.:
in each segment of sach plant was calculated as a percentage of the total
radioactivity in that plant,

After the application of [U-Y4Clsucrose (Table 8A) only 25 to 34s
of the radioactivity had rematned in the donor area. Moat of the radio-
activity detected elsewhere had moved ocut of the donor leaf and was dis-
tributed fairly evenly (with sone variation betwean experiments) between
the upper shoot, lowex shoot and roots, Most of the radicactivity in
the upper shoot was in the lst and 2nd trifoliate leaves, some in the
stem and little in the terminal or lateral buds, Little radiocactivity
was detected in the midrib and petiole of the opposite primary leaf,

Of the radiocactivity in the roots, nearly all was in the lateral and
adventitious roots rather than in the primary root. In three expsriments
(e,f£,g) the lamina immediately round the donor area was assayed and

shown to contain only a little radicactivity, while in Experiment g the
rest of the lamina contained no detectable radiocactiwvity.

When !l-l‘cl or [2-1‘c1m were applied (Table B8B) over 908 of the
radiocactivity was in the donor leaf, most being in the donor area. In
twvo axperiments (c,d) the lamina immediately around the donor area was
harvested: although there was sone radicactivity in this region,
including it 4id not, apparently, markedly affect the pattern of
results for the rest of the plant, In Kxperiment ¢ it was shown that
the rest of the lamina contained no detectable yxadicactivity. 0f the
3 to 10% radiocactivity found outside the donor leaf, slightly more was,
genexally, situated in the lower shoot compared with the upper shoot and
the roots. As with [“c: sucrose, little radicactivity was detected in
the terminal or lateral buds, the midxib and peticle of the opposite
primary leaf or the primary root. There was no ocbvious difference

between the patterns of 14(‘.‘ dist-ibution from {1-1‘c]m (Experiments



a,b,c) or [2-“(:]1&1\ (Experinents b,d).
After application of [2—“c]m (Table 8C) to the primary leaf,

1‘Chadruunod1nth.domrlut.70:o800mtho

76 to 86% of the
donor area. HMost of the 14 to 24% radicactivity translocated from the
donor leaf was situated in the upper shoot, mainly in the lst and 2nd
trifoliate leaves. Again relatively little radiocactivity was detected
in the terminal or lateral buds, the midridb and petiocle of the opposite
primary leaf or the primary root. Hocking (1973), similarly applying
[“c]m to a primary leaf of 15 d old bean plants, found only 10N of
the radicactivity that had moved away from the donor area in the rest
of the donor leaf - i.e., if 20 to 30% of tha radiocactivity in the plant
had moved out of the donor area {(cf. Table 8) only 2 to 3% was in the
rest of the donor leaf. The pattern of results obtained, thaen, wouid
not have been morkedly affected by not harvesting the rest of the donor
leaf.

In two of 