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SUMMARY

The movement of 2,4-dichlorophenoxyacetic acid, labelled with 140

in the ~CO0H or the -CH2 group of the acetic acld side chain, wasg

monitored in sub-apical segments snd intact roots of Pisum sativum

maintained at 25°G 3,100 in white light or total darkness.

A strong acropetal polarisabtion of the movemenl of radioactivity
was detected in root segments, together with a significant basipetal
component of trensport,. kadioactivity applied to the apical end of
the segments appeared o be retained mainly in the tissue adjacent to
the donor block, whereas an application to the basal end resulted in
a rapid distribution lowards the receiving block. The polarity was
not related to the ratio of the area of cut surface at either end of
the segments, indeed the greatest polarity occurred when the ends were
of identical area. The polerity was relabted to orientation of the
segments with respect to grevity and exposure of the segments to white
lighte

Studies of the importance of geveral components of the
experimental system on the movement of radioactivity, from the labelled

herbicide, were made and revealed that the sysiem wag complex.

Acropetal and basipetal movement of 140, in the phloem and xylem
respectively, was recorded in intact Pisum seedlings roots hut depended
on the method of herbicide application.

Degradation of the radiocactive herbicide in root segments and
intact woots was not significant and the 140 label appeared to he
confined to the 2,4-D molecule.
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legend to Fig. 43b
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INPRODUCTION

Over the past three decades; scientists and agriculturalists have
recognised the compound 2,4-dichlorophenoxyacetic acid (2,4-D) to be an
outatanding herbicidal chemical possessing selective phytotoxicity. Generally,
dicotyledonous plants arc regarded as susceptible whilst monocotyledonous
crops are resistant to the herbicidal aciion. It is not surprising that
a compound or such clear commercial potential should be the centre of
gpecialised research aimed at the elucidation of the mechanisus conferring
successful weedkilling capabilities. Such an understanding might be

invaluable in the formulation of new products.

In commercial practice 2,4-D is normally applied to crops as a foliar
spray wnich demands that the compound must find an adequate method of
penetrating the complex lipophyllic cuticle or the stomata. Addition of
surfactants to spray formulstions has been employed extensively tc bring the
compound inte intimate contact with the leaf surface (Hauser, 1955). TFor
example, the rate of uptake and subsequent toxicity of 2,4-D and

2,4~dichloro~5-iodophenoxyacetic acid in Phaseolus vulgaris, Alternanthera

philoxercides, Prosopls Juliflora and wild morning glory seedlings was

increased by Tween 20, Carbowax 1500, Dreft and Emulphor-ELA (Mitchell and
Linder, 19503 Mitchell and lHamner, 1944; Crafts, 1956b; Earl @E_gl, 1951
Blair and Fuller, 1952). knnis and Boyd (1946), however, pointed out that
carbowax was not effective as a surface active agent on soybean. Adequate
penetration also depended upon the formulation of the 2,4-D spray and
easiest entry was gained by the ammonium salt, isopropyl esters and
emulsifiable esters (Ennis and Boyd, 1946; Hauser, 195%; Crafts, 1956b).
The sodium salt and the amine of 2,4-D were absorbed more slowly but the
addition of surfactents increased the penetration and reduced the differential
(Hauser, 1955). Progressive chlorination of the phenoxyacetic acid molecule
also resulted in increased rates of entry in the light and dark (Sargent et
al, 1969; Kenney-Wallace and Blackman, 1972), as did increased temperature

and high humidity (Pallas, 1960; Clor, 1963).

Sargent (1968) reviewed the data concerning the uptake of 2,4-D into




leaf discs from Phaseolus vulgaris and emphasised the occurrence of an

immediate surge of penetration into dark-treated discs excised from scedlings
up to ten days old. The rate was pi, temperature and concentration dependent
(Sargent, 1968; Bach and Fellig, 19613 Blackman, 195%; Audus, 1948;
Orgwell, 1957) and an enhancement under high light intensity was metabolically
dependent. Further invesitigations revealed that the loss ol the initial

surge in aged discs could be prevented by the addiivion of 2,4-D, IAA or NAA
which might assume the role of endogenous auxin destroyed af the iime of
excision. A decrease in the level of the natural hormone by the addition

of the antiauxin TIBA produced no effect in young or old darkened tissue, but
resulted in increased penetration in young illuminated tissue. Since a close
correlation existed between stomatel density and the rate of 2,4-D penetration,
even in darkness, it was proposed that the guard cells could be major sites

of entry (Sargent, 1968). Another correlation was found beiween the
mechanism‘of uptake of phenoxyacetic acid compounds and the degree of auxin-
like activity associated with the particular compound (Saunders et _al, 1u56a;
Saunders et al, 1956b). 'Type 1' uptake depended upon mechanisms which

became disorganised after excision of the segments,and 'l'ype 2' uptake
depended upon more stable mechanisms. In general, Type 1l was associated

with the uptake of auxin-like compounds such as 2,4-D by Lemna minor

Gossypium hirsutum, Triticvm vulgare, Sorghum vulgare and Avena sativa, in

vhich the rate was rapid initially but then declined progressively until a

net movement of the herbicide back into the donor solution took place
(Blackman et _al, 1959; Saunders et al, 1956s) when phenoxyacetic acid was
tested the phase of egress was followed by a second phase oif uptake
(Blackman, 1959). In Avena mesocotyl segments the phase of egress could be
prevented by pretreatment with bul'fer or unlabelled 2,4-D solution (Jeiner
et _al, 1968a). Blackman (1964) also discovercd that egress occurred mainly
in susceptible species and rarely in resistant monocotyledonous plants.

He proposed that the lack of egress might indicate the presence of a
protection mechanism which restricted the movement of 2,4-D within the plant,
In complete contrast, no difference in uptake could be detected between
resigtant wild cucumber and susceptible cultivated cucumber (8life et al,
1962), or between resistant sugarcane and suscepbible bean plants (Ashton,
1958). Thus the involvement of penetration in the mechanisms oi resisiance

is nol fully understood.

The movement ol unlabelled and +4C-labelled 244~ in intact plants
has been the subject of many investigations in which the appearance of




characteristic growth responses or 144 have been used to follow the progress

ol translocation. Yhere can be little doubt that the movement ol the

herbicide into the petioles, stems and roots of several species following a
foliar application was dependent upon the photosynthetic activity of the plants,
Mitchell and Brown {1946) demonstirated that a phytotoxic stimulus was not

translocated from sugar-deficient leaves of Phaseolus vulgaris seedlings

maintained in darkness. Rice (1948) found that darkness or low intensity
light resulied in folding ol the leaves but not bending ol the stem, whilst
Linder (1949) claimed that the stems were still capable of responding to

a. local application of the herbicide. Leaf-clipping of defoliation of
soybean and alfalfa seedlings hampered the movement of the herbicide into
the other parts of the plant (Weaver and deRose, 1946). Application of
sucrose, fructose or glucose to the treated leaves ol darkened Phaseolus

or Glycine seedlings resulted in a detectable movement of 2,4-D out of the
leaves (Rohrbaugh and Rice, 1949; Weintraub and Brown, 1950; Jaworski gt
al, 1955; Barrier and Loomis, 1957), Since mannitol, arabinose, nor urea
could substitute for sucrose, it was concluded that the effect was metabolic
and not osmotic (Hay and Thimann, 1956). PFurther work by Mitchell et _al
(1953%) revealed that an application of sucrose and boron together produced

a synergistic effect on 2,4-D translocation. They concluded that the effect
was due to the promotion of sugar movement by boron, but‘unfortunately they
did not check whethexr boron alone could produce stem curvature. Additional
evidence for the movement of 2,4-D with photosynthates came from Weaver

and deRose (1946) and Eliason (1965), who demonstrated that the movement
thrdugh dead stem tissue was possible only in the upward direction. .This
was supported by Hay and Thimann (1956) who found that removal oi the cortex
and phioem of Phaseolus stems reduced the amount ol herbicide moving into the
root system following a foliar application. The rate of movement of
unlabelled and labelled herbicide out df Phaseolug leaves was 10-100 cm nt
and 10-12 cr h-1 which compared favourably with published rates for phloem
translocation (Day, 1952; Little and Blackman, 1963). Iarle et al (1951)
found that the rate of acropetal and basipetal movement in stems of

Alternanthera philoxeroides (alligator weed) was only 4.2-4.3 cm h'l, The

rate was independent of herbicide concentration but increased temperature
or humidity resulted in enhanced translocation (Rice, 1Y48; Pallas, 1960;
Basler, 19613 Clor etal, 1963). In conclusion, it would appear logical
that stem curvatures in response to 2,4-D do not occur in the dark because

of the lack of metabolite translocation (Leonard and Crafts, 19%6). Jaworski




et al (1955), on the other hand, could not detect curvature alter supplying
2,4-D and sugar solution in the dark and suggested that light activatiion of

some other system might be reguired.

Another factor which greatly iniluenced the pattern ol 2,4-D
translocation was the location of active metabolic sinks within the plant.

Active root growth of Hordeum, Gosgypium, Zebrins and Tradescantia enhanced

the movement of the herbicide from the leaves (Crafts and Yamaguchi, 14%58;
Crafts, 1959) and accumulation occurred in cambium, expanding buds, floral
structures, young leaves and other regions of active growth in the Tokay

grape and certain monocotyledonous plants (Leonard and Weaver, 196L; Gallup
and Gustafson, 1Y52; Fang and Butts, 1954). Movement of 14C from the treated

leaves oif Zea, Triticum, Avena, Hoxdeum, Prosopis, Phaseolus,and Pisum

resulted in accumulation in the stem, sheath, hypocotyl or root system (Blair
and fuller, 19523 Peterson, 1998; Fang, 1951; rang, 1Y58; Hay and Thimann,
19%6). The site ol application of the herbicide also influenced the

eventual destination, for example, an application to the cotyledons ol wild
morning glory resulted in transiocation to the rovots, whilsl acropetal and
basipetal movement was _recorded when the middle leaves were treated.

Movement did not occur at all when ihe young expanding leave§ﬂ¥¥g2ted, but
this would be expected in view ol the metabolic siuk theory (Crafts, 1956a;
Crafts, 1956b). However, when the cotyledons or primary leaves of Glycine
soja were treated bidirecticnal translocaticn'through the epicotyl resulted
in accumulation of radioactivity in the root and shoot tips (Crafts, 1966-
1967). In other investigations 2,4-D was supplied to the root system of

Zebrina, Hordeum, Phaseolus, Cossypium, Sicyos and Cucumis and most of

the herbicide was retained in the roots by loose physical binding or
metabolic binding (Yamaguchi, 1964; Slife,et al, 19623 Crafts, 1966-1967).
Dhillon and Lucas (1950), on the other hand, reported rapid movement into
aeriali structures following root applications to tomato, bean, corn and

oat seedlings. In most of the species the translocation of the herbicide
from roots or shoots was limited by immobilisation on application and
during tranelocation such that the'proportion of readily extractable 2,4-D
steadily decreased along the path of movement (Crafts, 1956b; Cralts and
Yamaguchi, 1958; Leonard, 1958)

Several workers have attempted to correlate the translocatability

of 2,4-D in susceptible and resistant species with the degree of phytotoxicity

4




observed (Butts and Pang, 1961 ;  iang and bults, 1Yyba: eintroub eb_al,
1954 3 Crafts and Yamaguchi, 1960). The translocation in Gossyplium,
Pigum and Phascolus seedlings was found to be up to 70 times gieater than
that in resistant Zea and Saccharum and the concentralion oi the herbicide

was 10 times greater in the apical meristem ol Phaseolus than in Saccharum.
Further studies by Gallup and Gustafson {1Y52) revealed that the lack of
translocation associated with resistant cereal plants was due to a

block in the intercalary meristem of the monocotyledonous plants' leaf.

On entry into the translocation stream the herbicide is attacked
by degrading mechanisms which attempt to alter the molecular form or the
compound. Reports range [rom no degradation in Ampelamus albidus (milkweed)

to the transformation of 7%% of the 2,4*D(-1~140) into two radiocactive

metabolites in wild and cultivated cucumbers (Slife et al, 1962; Coble et
al, 1970). Weintraub et al (1954) found that the extent of 2,4-~D metabolism
in overwintering cherry trees was directly dependent upon the length ol
exposure to the tissue. A foliar application to Phaseolus seedlings
resulted in the formation of two unknown radioactive compounds. 'Unknown 1!
was formed at the same rate in lightl and darkness and was readily hydrolysable
to release free 2,4-D (Jaworski and Butts, 19952; Jaworski et al, 1954%).
Incubation of Phaseolus stem segments with 2,4-D produced two major
radioactive compounds together with eighit minor metabolites, all of which
retained the aromatic nucleus. Acid hydrolysis of a compound running at
Rf 0.5 in butanol:proplonic acid:water released free 2,4-D and indicated
that the product might be a glycoside or peptide of the herbicide (Bach,
1961). further evidence for 2,4-D-protein complexes was provided when
hydrolysié of a Phaseolus extract produced free 2,4-D and at least 12 amino
acids (Butts and Fang, 1455 ) and by the extraction of conjugation products
from cotton, sorghum, tickbeans and Jimsonweed (Canny, 1960; Morgan, 1Lyb63;
Fites et al, 1964). A water soluble extract formed in the primary leaves
of Pnaseolus within 6 hours' of treatment was thought to be 2,4-D bearing
an extra constituent (Holley, 1952). IPFurthermore, Thomas et al (1964b)
proposed that a shift of chlorine atoms during the formation of 2,5-
dichlorophenoxyacetic acid and 2,3%-dichlorophenoxyacetic acidfrom 2,4-D
might be a prerequisite for the formation of conjugated producis. The
hydroxyi-chlorine replacement reaction was confirmed in Avena mesocotyl
segmente and it was suggested that glucose esters or hydroxylation

products were formed in the firsf instance, which were then converted to

glycosides (Thomas et al, 1963; Thomas et al, 1964a)




Herbicide degradation has been tackled lrom a difl'erent sngle which
did not involve the chromatographic analywis of planl exlracts, but ithe
collection of radioactive carbon dioxide (IFang et al, 195k; DBasler, 1464).

14

Clearly, evolution of ¢ from treated planis must indicate that the applied
molecules are undergoing degradation. Weintraub et al (1952) demonstrated
that 14002 wags lost from the terminal buds, primary leaves and sten explants
of Phaseolus treated with carboxyl-, methylene- or ring-labelled 2,4-D.
Little radicactive carbon dioxide was lost [rom plants treated with the
latter compound but 2,4—D(~1-14C) yielded a three times gréater output than
2,4-D€2-14C). An identical situation was discovered with sorghum, cotton

and red currant leaves (Luckwill and Lloyd-Jdones, 1960a; Morgan, 1963)

and. indicated that the acetic acid side cuain was being subjected to sequential
degradation from the ~COUH group end, whilst the aromatic nucleus remained
intact. Canny (1960) found that the output from tickbean roots was identical
whether the carboxyl or the methylene-labelled compound was used. Several
authors have tried to relate the production of the radioactive gas with the
formation of detoxification products. Butts and Fang (19%5 ), for example,
claimed that 2,4-~-D-protein complexes were partially detoxified since injection
into Phageolus stems caused a faster rate of L4cop evolution than when
2,4-D(~1-14C) was used. Luckwill and Lloyd-Jones (1960a, 1960b) demonstrated
that resistant red currant and Coxs' apples lost up to 60% of the applied
radioactivity whilst susceptible blackcurrant and Bramley apple lost only

2% as carbon dioxide in thoe same period. Susceptible cotton seedlings
released 1% whilst resistant sorghum released only 0.0%w of the applied

140. In contrast, several other resistan' gpecics, including corn aﬁd bean,
gave the same ratle of evolution indicating that in these specics, at least,
decarboxylation was not an important mechanism of detoxitication (Luckwill
and Lloyd-Jones, 1960b; Weintraub et al, 1954 ; Williams et al, 1960).

It is obvious that the evoiuvion of radioactive gas cannoi be regarded as

a universal symptom of' 2,4-1 degradation and detoxification.

Having considered the mechanisms of uptake, translocation and
metabolism of 2,4-D, attention cau now be turned to the effects of the
compound whilst it ig in the plant. The gross morvhological responses or
intact plants to herbicidal concentrations of 2,4-D have been well
documented. Beal (1944) described effects which were induced or incited at
considerable distance from the point of herbicide application as 'Telemorphic!
A good example of +this was the inhibition of root elongation and swelling

adjacent to the root tip following foliar applicatlion of the herbicide to




rintn sativam (Beal, 19443 ‘Waylor, 19,05 botrill and Hunsomn, 1L)6d;
Scott and Morris, 1970). Contirmatory evidence was provided by kliason (1999,

1y61l, 1963, 1972), who found that similar responses in Populus trenuls

and Pisum satlivun appeared after 12-24 hours and were ennanced by whitc

light. ‘'The inhibition of elongation was not permanent and could be
removed hy washing the root system and lliason proposed that a leachable,
growih inhibitory substance was formed in Pigum roots in response to 2,4-D.
Johanson and Muzik (1961) lound that the normal resumption of root growth

in Priticum vulgare took place 10 days arter foliar treatment, bub only 4

days were required alter a localised treatment ol the root system. In genersal,
rooct swellings were associated with a massive initiation of lateral roots.

In addition to rcoot responses, telemorphic effects of 2,4-D can be seen in

the aerial structures of many speciles. Ifoliar applications ol the herbicide
resulted in the swelling ot apical and nodal regions of several monocotyledonous
and dicotyledonous plants (Taylor, 19465 Bames, 1951)and curvature,

epinasty and thickening of the stem of Lathyrus odoratus, Gossypium hirsutum

and Zea mays (Beal, 1944; Dunlap, 1948; Botrill and Hanson, 1968).
Inhibition of hypocotyl. and epicotyl elongation in Glycine max was reported
by CGifford and Dengler (1Y66) and Key et al (1966). Studies wilh Phaseolus
have shown that 2,4-D can cause the cessation of growth and swelling of the
internodes (Beal, 1945), epinasty of the petiocle and leafl curling (Brown,
19463 Watson, 1948; Kelly, 1949), and the appearance of outgrowths on
both surfaces of the trifoliate leaves (Felber, 1Y48). ‘flreatment of the seeds
killed the embryo and induced the initiation of root primordiz on the
cotyledons (Akamine, 1948). The disorganisation ol floral, pollen grain
and chlorophyll development in bindweed was reported by Tukey (194%)

and the loss of chloroplasts from cortical cells of Glycine max by Rojas-

Garciduenas and Kommendahl (1958).

The external alterations in plant form in response to 2,4-D are, without
doubt, the manifestation of more subtle changes at the cellular level.
Within three days ol a foliar application Phaseolus seedliings exhibited
extensive periclinal and anticlinal cell division ia the cambium, '
endodermis, medullary rays and phloen parenchyma of the hypocotyl.
BEventually a wide band of highly meristematic cells was formed Lrom which
root initials were differentiated aund culminated in the crushing of all
tissues external to the inner pericycle (Smith, 1Y48; Rames, 1950). As
Swanson pointed out, however, the epidermis, cortex and pith showed no

direct response to 2,4-D treatment. The integrity ol the vascular system
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was disrupted through a lack ol fresh differentiation and by the
proliferation of the phloem parenchyma oi ithe companion cells and sieve tobes
formed prior to treatment (Swanson, 1945; EBames, 1950). Activation ol cell
division in Glycine max and Zea mays occurred in close proximity to the
vascular cylinder in the aerial structures (Key et al, 196635 Hoshaw and

© Guard, 1951). Additional evidence of lhe meristematic response came from
Muzic and Cruzado (1958) using Phaseolus internodes and by Grant and Fuller
(1Y71) using Vicia roct tips. Iurthermore, Watson (194u) reported that
distortion of Phaseolus leaves was due to the formation of {urgid, thick-
walled parenchyma cells, which had no intercellular spaces and replaced

the essential chlorophyll-bearing mesophyll cells. Hallam (1970) found
that, in the presence of light, 2,4~D promoted the degradation of membranes
in epidermal, palisade and mesophyll cells followed by a recession of the
cytoplasm from the cell wall. The chloroplasts of the Phaseolus leaves
became grarular and vacuclated whilst the membranes disintegrated, leaving

the internal structure unidentifiable.

It has been shown that 2,4-D treatment invoked specilic morphological
ahd histological modiflications in a wide range ol plant species, but the
underlying causes for the responses are o be found at the biochemical
level. Reports are numerous and this review merely attempts to indicate
the major lines of research. 0'Brien et _al (1968) and Leffler et al (1y71)
discovered that 2,4-D enhanced the activity of actinomycin-D-sensitive
DA and KNA polymerase activity ol soybean hypocotyl chromgtin, but the
product HNA possessed a modified structure. Increased levels of DNA and ANA
have been deotected in stem segments, hypocotyls and microsomes ol corn,
cucumber and soybean and in the vascular system of Vicia rootbts (West et al,
1960; Key and Hanson, 19613 Key et al, 1966; Grant and Fuller, 1971).
Basler (1961) reported that 2,4-D prevented a loss of microsomal oNa and
protein, but increased chloroplast RNA in cultured Gossypium cotyledon
tissue. Incorporation studies with adenosine—8-14c, however, revealad that
low levels of the herbicide enhanced the degradation of RWA and protein
whilst high concentrations prevented thne breakdown in corn and cucumber
mesocotyl and hypocotyl tissue (Key, 1963%; West et_al, 1960). The decrease
in ANA mainly at the expense ol microsomal and t-RNA but not nuclear or
mitochondrial RNA (Key, 1963%). Osborne (1964), using a l4C incorporation
technique, found that 2,4-D retarded a loss of protein and chlorophyll

but increased the soluble nitrogen content of detached autwmal Prunus leaves.




She proposed that an auxin balance cculd liwit protein synthesis during
senescence. Confirmatory evidence for inhibition ol protochlorophyllide

and chlorophyll synthesis was provided by Wedding g§~ﬂ£.(1954) and Shewry

et _al.(1971). De novo synthesis of protein in response to ¢,4-D was shown
in Alagka pea roots by poiyacrylamide gel electrophoreyls, with the new
bands of protein being identical to those in untrealed meristematic tissue
(Morris, 1966). Cnanges in the content of aspartic acid, glutamic acid,
lysine, valine, methionine and phenylalanine have been detected in Lfhaseclus
seedlings (Sell et al., 1949; Akers and Fang, 1956). "The level of thiamine,
ribollavine and nicotinic acid decreased in leaves but increased in stems,
whilst the level of pantothenic scid in leaves and carotene decreased in

the stems ol Phaseolus seedlings (Leuke ¢t al., 1949). Inzymes were also
affected by herbicide treatment, for instance the activity of pectinmethyl-
esterase in bean and artichoke tissue and nitrate reductase activiiy in

corn and cucumber was enhanced (Neely et al., 1950a; Beever el al., 1963;
Macey, 1965). Malic dehydrogenase was inhibited whilst there was no effect
on -amylase in Phaseolus leaves (Neely et al., 1950b). Furtker erffects on
enzymes were revealed when Humphreys and Dugger (19573) found that 2,4-D
switched glucose catabolism from the glycolytic to the pentose phosphate
pathway in Pisum, Zea and Avena seedlings. This was verified by Black and
Humphreys (1962), who found decreased activity of phosphofructokinase, aldolase
and glyceraldehyde phosphate dehydrogenase and increased the activity of
glucose-6-phosphate dehydrogenase and 6-phosphogiuconate dehydrogenase
following the treatment ol Zea seedlings with the herbicide. In contrast,
Mostafa and Fang (1971) claimed that the pentose phosphate pathway in Zea
and Pisum was inhibited whilst glucurcnic acid formation in pLa roots was
stimulated by 2,4-D. PFurther investigations by Wedding and Black (1962)
indicated taat 2,4-D could uncouple the energy-storing phosphorylation
reaction normally associated with the oxidation ol malate, ciﬁrate, succinate

and NADH in Brassica and lLeta mitochondria. There can be little doubt

that herbicide application affected enzyme and protein levels in such a
way as to stimulate respiratory rates and decrease the levels of carbohydrate
reserves (Rasmussan, 1947; Wedding et al., 1954; Smith, 1948)

Having considered the data dealing with the movement ol 2,4-D in
intact plants of several species, the movement of the herbicide in isolated
segments can be assessed. The uptake and movement of 2,4-D(nl;14c) in
Phaseolus peticle and petiole/pulvinus segments was basipetally polarised,

but uptake into the distal end of the pulvinus segments was smaller than that
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into purely peticlar segments (MeCready, 1963; Jacobs et _al., 1y66).
Movement of the herbicide through Aracnis internode segmenls was also
basipetally polarised and correlated with vascular regenervation following
wound.ing (Thomson, 1v68). The polarity in Phaseolus petiole segments
persisted against a concentration gradient and could be increased by the
inclusion of kinetin or mannitol in the donor and receiving blocks, or
decreased by GA. Since GA promoted elongation of the segmenis but decreased
the basipetal movement of 2,4-D, McCready (1967) suggested that the polarity
of auxin movement might be dependent upon the elongation ol the transporting
tissues. However, Harel (1969) revealed that the degree of polarity
depended upon the action of white light and McCready et al. (196%) showed
that kinetin could stimulate the movement of 2,4-D in aged Phaseolus
segments. McCready (1963) noted a very interesting pnenomenon, in that 14C
in the receiving blocks appeared %o move back into the segrenis after a
donation of IAA(—1-14
no more than 4.3%% and 0.7% of the applied IAA and 5.%% and 0.5% of the initial

C) or a low concentration of 2,4—D(~1—14C). Nevertheless,

donor supply ol 2,4-D reached the receiving blocks ol the basipetal and
acropetal replicates respectively. The acropetal movement increased dis-
proportionately as the donor concentration increased and as the age of the
segment increased, resulting in an apparent reduction in tne degree of
polarity. An increase in the length of the segments produced an increase in
“polarity. Calculations of velocity of 2,4-D movement gave values ol 0,6-1.6
mm hul for movementi through petiocle and petiole/pulvinus segments. Chromato-
graphic analysis revealed thal 2,4-D was the only radiocactive compound
accumulating in receiving blocks apnlied to Pnascolus petiole segments.

One metabolic product was fouand in tlssue extracts and the comvound ran to

a lower R than the major peak of 2,4-D.

Although the movement and metabolism of growth regulating compounds
have been well characterised in the shoots of many plant species, little
attention has been paid to the mechanisms existing in root tisspes.. By
the end of 1971 the movement of only two compounds had been investigated,
namely, IAA and kinetin. Of these, IAA was the most fully studied whilst
only one report of kinetin movement was documented. The whole realm of the

synthetic regulators, including 2,4-D, remained untouched.

In common with the investigations of aerial structures, the primary
objective was the determination of polarity, if any, ol auxin movement in

roots. Torrey (1950, 1958) and others employed auxin-induced responses such
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as lateral root formation and cambial initiation to demonstrate the
preferential movement of auxin towards the root apex ol several species.
Initial investigations using radicactively-labelled TAA precented a conlused
picture, with reports of a basipetal polarity in Zea (H-rtel sand Leopold,
1963) and an acropetal polarity in Lens, Vicia and Convolvulus rout se;nents
(Pilet, 19643 Yeomans ond Audus, 1964; Bonnett and Torrey, 136%). 'he
situation was resolved by reports frow indepcndent laboratories showing that

144 moved preferentially toward the root apex in Lens and Phaseolus (Kirk

and Jacobs, 1968) and in %ea, Avena, Triticum and Hellanthus root segments
1 ’ ’ =}

(Wilkins and Scott, 1968; Scott and Wilkins, 1968). Contirmatory evidence
came from studies of Helianthus snd Pisum segments (Iversen and Aasheim,

1970; Aasheim and Iversen, 1971; Hillman and Phillips, 1970).

A differential loss of radicactivity from donor blocks during acropetal
and basipetal treatments can be used to demonstrate the polarvisation of auxin
movement towards the root apex. Basal application to Lens and Phaseoglus
segments for 8 hours (Kirk and Jacobs, 19686) resulted in a less of up to
40% of the original donor content, but the maximum loss from apical blocks
was only 3%0%. The 1osé from apical blocks wag found to be slightly less
then the 50% loss in 6 hours and the 70% loss in 24 hours for Vicia and
Pisum respectively (Yeomans and Audus, 1964; Hillman and Phillips, 1970).
Piiet (1964) detected a 17% loss of 140 following a basal donation for 4
hours to Lens roots. Several other workers have ignored this part of the
experimental system completely~Bonnett and Torrey, 196%; Wilkins and Scott,
1968; Scott and wWilkins, 1968; Wilking and Cane, 19Y70; Cane and wilkins,
19703 Iversen and Aashein, 1970; Aasheim and Iversen, 1y7l; -Wilkins gl al,

1972.

The movement of radicactivity within the oot segments has been
monitored as the distribution of radioactivity along the root segments with
time. Dissection of Zea segments revealed that the radicactiviiy from
IAA(—1—14C) decreased in an approximately logarithmic fashion with increasing

distance from the donor block (Wilkins et al., 1972). A similar situation

was found in the first three 1.0mm pieces of Lens segments, but the distal

pieces had a higher content than would be expected from such a relationship
This upward trend at the receiving block end of the system wak not apparent
after apical donation (Kirk and Jacobs, 1968). In all the species studied,

the level of 140 in the half-segment nearest to the donor block was virtually
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identical alter acropetal or basipetal treatments (Yeomans snd Audus, 1964;
Bonnett and Torrey, 1965; Kirk and Jacobs, 15683 Hillman and Philliys,
1970; Iversen and Aasheim, 1970; Aasheinm ana Iversen, 1Y7l). A move
detailed oxamination by Yeomans and Audus (1964) showed that the thin

apical slice of a Vicia segment in contact with the donorx block was capuble
of accumulating more radioactivity than the comparable basal slice. However,
the converse was true for Lens (Kirk and Jacobs, 1968). Also detectable in
Vicia was a greater radioactive content of the half-segmenti nearest the
receiving block after bassl than after apical donation. This preferentinl
movement of IAA towards the root apex was present, but to difflering extents,
in Convolvulus (Bonnett and Yorrey, 1965), Lens (Kirk and Jacobs, 1968),

Pisum (Hillman and Phillips, 1970), Bragsica and Helianihus (Iversen and

Aasheim, 1970; Aasheim and Iversen, 1971). 7The degree of polarity in tae
latter two species was reduced by increasing the duration of the experiments
and was increased in Convolvulus by raising the IAA concentration. Tissue
studies have been shown, therefore, to be useful in providing indisputable
evidence in polarity studies and it is surprising that somce workers have

neglected this part of the system completely.

The accumulation oi radicactivity in agar receiving blocks placed
on the end of the segments distal to the point of donation, has been an
almost universal method of detvermining the polarity of auxin movement.
Difliculty in detecting significant radicactivity in the recelving blocks

14

forced some workers to look at the accumulation ol C in the tissue only
(Yeomans and Audus, 1964), whilst Bonnett and Worrey (1y64) preferred not

to use blocks at all. In general, apically applied blocks accumulated more
140 than lhose applicd basully, indicating a strong polarity of TAA movement
towards the root apex. ror example, Pilet, using Lens segments, detecied a
steady increase of radioactivity in both apical and basal blocks throughout
an 8 hour experiment and reported an acropetal/basipetal ratio of 2/1. Kirk
and Jacobs (1968), using the same stock ol plants, found a steady accumulatioﬁ
of l40 with a ratio of 55/1, the strongest polarily yet detected. Other

less absolute polarities were demonstrated in Avena, Priticum, Helianthus,

two varieties of Zea (Wilkins and Scott,1965) and Brassica and Helianthus
(Iversen and Aasheim, 1970). A linear increase in receiving block content

of 140, followed by a decrease in block content after 7 hours was reported

to be gravity insensitive (Scott and Wilking, 1968). The onset of the deeline
phase was dependent upon temperature (Wilkins and Cane, 1970) and the initial

concentration of the donor blocks (Scott and Wilkins, 1968). similarly,
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Hillman and Phillips (1970) showed that a decline phaso in Pisum, which

they explained as the loss »f a volatile product [rom the system, set in alter
12-18 hours. Scott and Wilkins \1968), and Iversen and Aasheim (Lu70)

also reported that the degree ol polarity wus reduced with increased

duration of the experiments. Polarity was insignilicanrt, however, when

14

the data were expressed as a pronortion of the T 'C supplied originally.
Pilet (1964) claimed that 9.8% ol the original donox blocik activiuy

appeared in receiving wvlocks applied to Lens segments, wnilsi oaly (e %%

was detected in the same tissue by Kirk and Jacobs {1968). A maximum of
3.2%% in Pisum was reported by Hillman and Phillips (1970). Consideration
of the system from this viewpoint places the capacity of the suxin transport

system in a true perspective,

Although mazimum promotion of root elongation can be induced by
0.1 nidolar  solution, much higher concentrations, 0.1pM-1.0 mM have been
employed in tracer studies because of the limits of detection. An increase
in donor concentration supplied ito Zea root segments led to an increased
accumulation of 140 in apical but not basal receiving blocks (Scott and
Wilkins, 1968). '"The system was not saturated by concentrations up to
10 M and this was true for Brassica (ILversen and Aasheim, 1970). However,
the capacity of the Convolvulus system was exceeded by 5 PM T1aA (Boanett
and Torrey, 1965). This was detectable in veceiving block accumulation

14

only, whiist the amount of ~'C moving through the tissue was directly
proportional to that supplied over the range 0.0235wi-1.0 mil. Increasing
the donor concentration also accelerated the onset of lhe decline phase

in vreceiving block coatent with Zea (Scott and Wilkins, 1968).

The time required for radicactive molecules to pass from end to end
of a root segment of known length has been uged in the calculation of the
velocity of growth substance movement. Bonnett and Torrey (1965) found an
acropetal velocity of 10.4 mm h“l in 12mm Convolvulus segments and 9.1 mr h~l
in 13.5 mm segments at 2500. Wilkins and Cane (1970) discovered that the
acropetal velocity in %ea was independent of segment length, but showed a
clear optimum at 5100 with a value of T7-8nmm hml. An acropetal velocity of
5mm h"l at 259C, though slower than the basipetal value, confirmed an earlier
estimate of 4-6mm h"l in the same species (Scott and Wilkins, 1968). Slower
velocities ol 2.2 mm h-l have been reported in root segments of Lens and
Phaseolus respectively (Kirk and Jacobs, 1%68) and of 2.07 mm n~t in Zea at

159¢ (Wilkins et al., 1972).
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The polar acropetal {lux, that is the gquantity o. C moving towards
the root apex of Zea was greatest at 10-1°C and 40-50°¢ (Wwilking and Cane,
1970), and was dependent upon metabolism (Wilkins and Scott, 196u). The
flux was promoted by white, red and blue light (Scott and Wilkins, 196%9).
kxcision of the segments at increasing distances I'rom the root apex reduced
both the acropetal and basipetal {luxes of TAA in Zea (wilkins and Cane,
1970). 1In general, the basipetal [lux in this species was smallier than tae

acropetal flux. ,

Demonstrations that the velocity and flux of' IAA movement were
temperature dependent led several workers to explore the relationship
between movement and metabolism. Wilkins and Scott (1968) found basipetal
movement{ and the acropetal polarity of TAA translocation in Zea root segments
%2 be unaltered by anaerobic conditions, although tne acropetal flux was
reduced by 92%. Prolonged anaerobiosis resulted in a resumption of the
acropetal movement, presumeubly as the segments adapted to anaerobic
metabolic pathways. If both aerobic and anaerobic metabolism were prevented,
however, the acropetal polarity was replaced by a basipetal polarity and the
ratio of basipetal to acropetal movement was almost identical‘to that through
dead segments (Wilkins and Scott, 1968). A reversal of polarity, also in
Zea, was shown at 1-59C under anaerobic conditions. It was concluded that
angerobic metabolism at this temperature was not sulficient to maintain the
acropetal polarisation of IAA (Wilkins and Cane, 1470). Yeomans and Audus
(1964) demonstrated that the uptake or auxin could be reduced by the treatment
of Vicia segments with 2,4-dinitrophenol, potassium cyanide or anaerobic

conditiors, all of which are inhibitors of energy-synthesising processes.

Isolated segments are intended to provide an experimental system
of less complexity than that encountered in whole-plant experimentation.
but it has become apparent that artefacts could be inherent in the technique.
For example, Yeomans and Audus (1964), observing the tissue composition at .
either end of a segment to be different, compared uptake intc the ends of
contiguous segments excised 4-8um and 8-1Z2mm behind the root apex of Vicia
and found little diff'erence. This was corroborated by evidence from Pisum
(Hillman and Phillips, 1970), showing little difference in uptake or movement
of IAA in segments excised from three dift'erent regions of the root. On the
other hand, Zea segments from corresponding regions were capable of moving
14

-less C on excision from the more basal parts of the roots. Wilkins and
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Scott (1Y68a) and Kirk and Jacobs (1968) pointed oul thal Zea and Lens

wvere frustums in which the basal surlace area was more than double the
apical surlace areu. They suggested thal wenk acropetal polarities could,
perhaps, be explained as a greater diftusion ol the auxin tircugh the larger

basal cut surface. However, as Avena, Triticum and Helianthus segmenis were

virtually cylinders it was thought that the polar {lux could not be due to
a surfuce area effect alone (Wilkins and Scott, 1968a). Since a basipetal
polarity of IAA(~1-14C) movement was evident on killing or the suspension
of metabolism of Z%ea root segments, it was felt that the phenomenon could
be reluted to the geometry of the [rustum (Wilkins and Scott, 1968b).
Diffusion of IAA through agar cylinders of identical dimensions to Vicia
segments led Yeomans and Audus to believe that root tissies restricted the
free movement of IAA. They concluded that the acropetal polarity was due to
'a positive gradient of accwmlation potentvial as one moves btowards toe

root tip'.

The movement of auxin through shoot segments resulted in immobilisation
and/or partial degradation of the IAA molecules (Goldsmith and Thimann, 1962).
The radioactivity accumulating in the segments or receiving blocks did not
automatically indicate the presence of the exogenously applied compound.
Hence, following a donation ol IAA(»lulqc), redioactive compounds present
in receiving blocks applied to Convolvulus (Bonnett and Torrey, 1965), Lens
(Kirk and Jacobs, 1968) and Zén root segments (Scott and Wilkins, 1968;
Wilkins and Cane, 1970) were extracted in ethanol or eihor and analyscd oy
developing paper chromatograms in 8:1:1 or 9:1:1 (is?ppopangl :aNH% : HQO>.
Only one radiocactive peak was isolated from all ihe spvcies bested and this
ran to the same il as authentic samples of pure labelled and unlabelled
IsA.  Further analyses using Zea roots revealed that 85, %6 and 95% alt. 5 C,
and 72, 79 and 70% at 2% ¢ of the 140 extracted from IAA(-1~14C) stock
gsolution, used donor blocks and receiving blocks respectively, was still
confined to the [A4 molecule. On the basis of colorimetric and radioactivity
determinations Aasheim and Iversen (1971) isolated three main compounds
originating from the labelled compound supplied to cabbage segments. ‘hese
ran to Rf 0-0.1, 0.4-0.6 (IAA), and 0.8-0.9 in 8:1:1 and the amount of
identifiable IAA decreased with increasing durstion of the experiment.
Rreceilving block extracts were reported to contain oniy one compound which
ran to Rf 0.45-0.60 (IAA), yet the data clearly showed that 23% of the 14

ran to Rf 0-0.1! The translocated compounds in Helianthus were claimed, by
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hasheim and Iversen (1Y7i), to be identical to those in drassica, but the
evidence was not presented. I1AA, ring-labelled witn tritiwan, was tfound to
be degraded cowmpletely by the same two species, leaving two radioactive
cumpounds rurnning at R 0-0.1 and &f 0.85-1.00. The stock donor solution
contained IAA and a compound running at nf O.ub-1.00, but at anotiher point
in the samc paper the results were claimed to relate to control donor blocks.
Clearly, the extraction proce dures employed in the analysis of donor block
content might influence the loss of the auxin, so it is imperative to know
whether the data related to extracted material. Hillman and Phillips (1970)
studying the metabolism of IAA(—Z»l4C) in pea roots, discovered three
radioactive compounds in tissue and receiving blocks running at R 0-0.1,

Rf 0.2-0.4 (IAA) and Rf 0.8-0.9. fThe identities oi the two unknowns were
suggested as indole-3-acetylaspartic acid and indole-3%-aldehyde respectively.
All three were growth promotory in a wheal coleoptile bioassay. Used and

aged donor blocks contained the same compounds, thus preventing any distinction
between spontaneous or metabolic degradation ol the auxin. (riticism of the
majority of papers relating to degradation studies lies mainly in the limited
range of solvent systems in which the chromatograms, thin-layer or paper,

were developed.

Decarboxylation studies have provided further evidence of the
" degradation of exogenously applied auxin. Pilet (1Y64), for example,
T A
supplied IAA to Lens root segments and Jound that the quantity ol lHU
appearing in the receivinzy blocks was doubled if the compound was lLabelled
on the indole nucleus rather then on the acetic acid side chain. He
concluded that the IAA oxidases which had been demonstrated in bLens roots
previously, were more capable of decarboxylating the side chain than ol

. . . o . A . 14
opening the indole ring. In addition, the position of *

C-labelling can

be used to show sequential degradation of the IAA side chain. Donation of
IAA(—1-14C) to Pisum (Wilkins and Scott, 1968a) resulted in little
accumulation of radiocactivity in receiving blocks, but donation of IAA(—Z—lqc)
(Hillmen and Phillips, 1970) revealed a distinct acropetally polarised
movement. This indicated that endogenous enzsyme systems probably acted
praeferentially on the carboxyl group bzfore attacking the methylene group

of the side chain. Iversen and Aasheim (1970) found that enzymstic
decarboxylation of IAA(-l—lAC) by Helianthus root segments was far greater
than non-enzymatic decarboxylation, which occurred in response to impurities

and phosphate buffer. Addition of [lerulic acid, supposedly a specific
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inhibitor ol IAA oxidase, to receiving blocks resul ted in a greater

. .1 . . , ;
accumulation of 40 from Brassica root segments. 'hey also demonstrated
1 . R . . : . .
that 400r was lost from receiving blocks on air-drying. Collection oi theo

<
gag in barium hydroxide solution resulted in a threefold increase in

recoverable receiving block radiocactbivity, which identiflies ancther part

14

of the system from which the applied C can be lost without trace.

kinetin is the only other growth substance with which root transbort
studies have been carried out. El-Saidi (1971) found that kinetinuﬁ—ldc
moved preferentislly from the apex to the base of intact or decapitated Zea
segments. That is, it was basipetally polarised and quile different to the
movenent of auxin. Devascularisation of the segments, by an undeflined
technique, led to an abolition of polarity, but the author failed to note
that the control segments exhibited little polarity eituer, Clear
interpretation of the chromatographic analyses was hindered by gross
overloading of the extracts, but the breakdown of kinetin into adenine and

several other lavelled compounds was indicated by autoradiograns.

The literature survey presented above was not intended to be a
complete revicw ol relevant papers but should serve to inform the reader
of the many lines ol research and of the current state of knowledge. liuch
is known about the problems of uptake, translocation and metabolism of 2,4-D
in intact plants, not to mention the surfeit of data regarding the
characteristic morphological and histological responses inveoked by the
herbicide. Hven more is to be learned on the gpplied agricul lural front,
with many publications on 2,4-D specilicity, tonricity, Jommulations,
application rates ebte. Although work on intact plants is sgtiil carried out
witi great success, many Planl Physivlogilsls regavd tie 1atact plant s a
complex experimental system, especially when grown unden natbural
environmental conditions. It is not surprising, therefore, that considerable
effort has been directed towards the simpler isolated segment technique.
For exampls, the study of IAA movement in shoot and root segments of several’
species revealed that the overail direction of movement of auxin was
probably from the choot apex to the rcot apex. fThis closely paralleled the
true situation found in intact plants. It was apparent, however, that whilst
the movenent of 2,4-D in shoot segments had been adequately documented, no
detailled, critical examination of the herbicide in root segments had been

uhdertaken. Consequently, an investigation of such a system was considered

(
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invaluable in:

(a) Supplementing Lhe existing knowledge and understanding ¢l the

¥

physiological characteristics of the herbicide.

(b) Increasing the available information on plant growth regulator
movement in root segments.

(3) Providing an academic study of the isolated segment techiigue

Ty

usiag a relatively stable compound of the auxin type.
It was hoped that the data from this investigation might provide an

insight into the relevance of scgment systems to whole plant physiology

through a direct comparison of results obtained from both techniqgues.

»
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MATERIALS  AND  HITHODS




HATHRIALS — AND  METHODS

Plant material

Sceeds of Piswm sativum L., variety Alaska, supplied by Charles

Sharpe and Company, Sleaford and by Alex 5. Mair, Glasgow, were stored dry
at 2»500. Non-viable debris was removed [rom the samples by two washings
prior to an eight-hour imbibition pariod in cold, flowing tap water.
Germination took place between sheets ol moistened iilter paper in closed
polythene boxes at 29 +19C in total darkness in a growth room. 72 hours
later, seedlings with straight radicles 2-%cm long were selected vither for
immediate use in root segment experiments, or for growing-on into young
seedlings. The lattexr were transferred to moistened filter paper in clean
boxes to allow space for continued growth of the radicle and plumule for

a further 72 hours. Selection was carried out in physiologically-sale

green light (510-%50nm)

2,4-dichlorophenoxyacetic acid (2,4-1)

Movement of the herbicide in Pisum root tissue was monitored using

radiocactive isotoplc tracer techniques. Radiocactive 2,4-1) was obtained from
the Radiochemical Centre, Amersham, kngland, with 140 labelling eitner in
the carboxyl or the methylene group of the acetic acid side chain. 1n other
words, as 2,4—D(—1~14G) or as 2,4~D(»2~14C) with specilic activities of
lBﬁ,JCi/mg and 131 Ui/mg regpectively. HManulacturers' analysis indicated

a purity exceeding 99%. ~

The labelled compounds were supplied as dry benzene solutions in glass
ampoules sealed under nitrogen. Benzone was removed in a stream of nitrogen
and the herbicide remained as a white residue. A stock solution orf the soluble
gsodium salt of 2,4“D(-1—140) wag prepared by the addition of 5.9mls. of sodium
hydroxide solution (NaOH), containing 0,01 mgms/ml. of the alksali, to - .
neutralise the acid. [(Murther dilution oi' the stock with 4.lmls. distilled

4

water produced a stock concentration ol 1.4 x 107" molar. The methylene

labelled stock was prepared in a similar manner. In this case, 6.Ymls. of
NeQOH solution, containing 0.01 mgms/ml. of alkali, followed by the addition
4

of 3.lmls. distilled water gave a stock concentration of 1.7 x 10 "molar.

The stock solutions were deep-frozen until required for dilution to working

v ] =F .
" concentrations in the range 10 121072 molar (0.1 - 10.0 nM).
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Physiological responses of Fisum roots to the herbicide were investigated
using pure, unlabelled 2,4-D (Sigma Chemicals). Solutions of the sodium

salt were prepared in the way described for the radioactive solulions, with
neatralisation ol the acid being the initial step. A range of concentrations
from 107141074 molar was employed (0.01 pM - 0.1 mH).

Preparation of Agar Blocks

In the majority of experiments in which the movement of 2,4-D was
followed, the radiocactive compound was incorporated into agar blocks and
supplied to the roots. This provided a readily availakle source of the

nerbicide in an easily locatable form not subject to ravid dessication.

A 3% stock of Difco-Bact agar or Jonagar No.Z was dispensed into
suitable aliquots and sterilised at 151bs/in? for 1% minutes. The stock was
stored at 2-FC until required. Receiving and donor blocks were prepared
by diluting molten %% agar with an equal volume of distilled water or
herbicide solution respectively, giving a {inal gel strength of 1.5%.

This was then cast either into Lrass moulds (8 x 8 x 2 mm.) or into constant-
bore glass tubing (Bmm._diameter, cut into 2mm. thick discs). Concentration
of the radiocactive donor blocks was within the range 0.1 - l0.0)qxnolar 2,4-D.
Blocks were prepared on the day before the experiment commenced and were
stored in damp chambers at 2-%C. In sevaral experiments, the application

of radioactive donor blocks was either preceeded orx followed by a donation

. of unlabelled 2,4~D. Donor blocks for these experimenis were prepared using

the appropriate concentration or labelled or unlabelled 2,4-0.

ldentiflication of iadiocactive Compounds

. .14 \ \ . .
To determine whethar or not the ‘U molecule remained conlined to

the herbicide structure, ethanolic extracts of the radiocactive compounds
in the tisgsue and receiving blocks were analysed by descending papex
chromatography. At the end of transport periods, segments were extracted
for 24 hours in 2mls. of 95% ethanol at 2°C in darkness. Tissue was then
transferred to 2mls. ethanol/acetone mixture (6:4 v/v) and extracted for

a further 24 nours. bHxtructs were bulked, reduced to drgneéu under vacuun
and finally taken up in 1lml. absolute ethanol. nadiocactivity in donor and
receiving blocks was extracted in the same way. An alternative method of
extraction was employed on some occasions, in which the extracting solvent

was methanol and not ethanol.

21
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O.lil. ol each extract was spotied on the origin ol & pre-eluted
paper chromatogram, Whalmans Ho.l, togetner with murger snotsg of pave
2,4-D and stock radioactive 2,4-D. Three solvent systems werc used, nanely
igopropancl:ammonia:water (10:1:1), n-butanol:acetic acid:iwater (9:1:2.2)
and n-butanol:acetone:water (5:2:3). Chromatograms were equilibrated and
developed in a vapour-filled Shandon cﬁromatography tank, after whicn they
were dried and cut into at least 10 equal pieces. Activity in each RI or
part-R{ region was eluted in 1l.bmls. 9506 ethanol for a minimum of 24 hours
at °C in a scintillation vial, which was then processed for zcintillation

counting.

Duplicate paper chromatograms were clipped to Ilford "Illex" X-ray
plates in total darkness and stored inside proteciive envelopes for four
months. Films were developed in Ilford "Phenisol" Developer, diluted 1l:4
with distilled water, and fixed for 30 minutes in May and Baker "Amnfix"
high speed fixer, diluted 1:3% and containing 1:40 parts Kodak "HX-40" X-ray
ligquid hardener, ilms were washed in flowing tap water for 4 hours, rinsed
in distilled water and finally dried in air. Film processing was carried
out in complete darkness.

v

Detection ol Hadioactivity

Radioactivity in root tissue, donor and receiving blocks was extracted

in 1.5mls. of 95% ethanol for at least 30 hours st 2-3%YC. A control
experiment showed that no [further extraction ol l40 took place alter this
time (table 1). Lxtracts were dried under vacuum and to each vial was added
10mls. of scintillation fluid, containing dgus. of 2,5-diphenyloxazole in
each litre of +toluene. "hree liguid scintillation counting systems were

14

employed to determine the C content of the samples during the course of
the experimental programie. Hhese were: '

(a) Nuclear Chicago "Unilux 3"

(b) Tracer Lab "Corumatic 200"

(e¢) Packasrd Liquid Scintillation Counter with "Absolute Activity Analyser!
iach system was calibrated according to the manufacturers recomendations
and quench correction curves were prepared for use in conjunction with
external standardisation ratios. The data presented in this thesis have
been corrected for machine efficiency, quenching and background radiation
either manually, using an 0livetti 101l desk~top computer, or automatically

by an in-line computer incorporated in the Packard systoem.




TAKLE 1

14

IfTect of time on the eificlency of extraction of £, at 2-0¢, from Pisum

root segments and recelving blocxs applied to the segments for 24 hours at 29w,

Ixtraction Radioactivity Radioactivity

time (h) in tissue {Dpm) in receivers (lpm)
5.0 2058.9 9Y35.3
10.0 2155.8 83.8
20.0 2314.8 T34 3
30.0 2247.6 114.5
45.0 ) 2185.9 81.9
55.0 2200.9 102.6
' 150.0 2286.5 101.7

The data are the mean ol four replicates each containing four root segments.



Movement of 2,4~ through root seguents of Pisum sativum

. . a5 AL RN . np s L4
The movement and uptake of 1.0M molar 2,4-1 -1~ 4) and 2,4-D(=2-""C)
were studied at two and five-hourly intervals over a period of 60 hours.
Heplicates were not sebt up in chronologicatr order, but over an eight hour

period such that the transport periods ended at relatively convenient times.

A double-bluded cutter was used Lo excige 10uwm. long subapical
segments 2mm. behind the root tip of three day old pea secdlings. Four
independenl replicates, each consisting ol a donor block beneath and a ,
receiving block above four segments, were held vertically in a perspex holder
(fig.1). Acropetal replicales had the bages ol' the segments in contact with
the donor block, whereas basipetal replicates had the tivs in contact (rig.2).
A high relative humidity was maintained throughout the exporiment by
enclosing the holdevrs in boxes lined with damp £ilter paper. All experimental
manipulations were carried out under green light (510_550nm.) and transport
periods run in total darkness at 25% 1°C in a temperature controlled growth
room. At the end of each experimental period, the segments were cut into
2mm. pieces from the donor block end, using & multibladed cutter, and the

level of radioactivityhﬁas estimated by scintillation counting.

Movement of 2,4-D through the roots oi intact Pisum geedlings
13

1.0 molar 2,4—D(—l~140) was supplied to the root system ol three
day old Pisum seedlings by two methods, namcly agar blocks and agneous
solution. 1In the first method, circular radicactive donor blocks encircled
the root either at the tip or Smm. away feom the cotyledons. 1In the second,
the radicles were insersed through small holes drilled in the 1ids of plastic
petri dishes such that approximately smm. of bthe root tip was in contact
with the Smls. of donor solution. Following experimental periods ol {ive to
sixty hours, the level of radioactivity in eacn oae third portion of the root
(A,B and C as illustrated in fig.l), the cotyledons and the shoots was determined

by liquid scintillation counting.

Dependence of 2,4-D movement on netabolism

The aim of this series of experiments was to observe the effect of
R . . . o , 14
reducing or abclishing metabolism on the movement ol 1.0 molar 2,4-D(~1~ 40)

through 10mm. lonyg Pisnm rootv segments.
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FIGHRE 1

(A) Perspex holder used to maintain rooi segments in n vertical

orientation during transport experiments.

(B) Seedling showing the two sites of donation by agar discs (a)
at the root avex (b) “mm. from the cotyledons, and the

designation ol each onc-third vortion ol the rool {(A,B and ()

(C) Seedling showing method of donation to the root apex.

N
1
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PLGUME 2

Diagramatic representation of acropetal and basipetal replicates
showing designation ol each successive 2mm. piece of rcot segment

as prepared for scintillation counting.
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Segnentes were soakad either in disvilled water or o 2.0m4, sodiun

fluoride sclution for 2.% nours, polor Lo sesling up as dcropebal or bac
PR S )

replicates.  Yhese were translerred to o nitiogen-rilleo vacuww degicsinry
Lined with damp {ilter puner. Anserobic conditions werce achievad by
evacuation to S9Ymn, of mercury Lollowed by relcase in mure, huawnidified
nitregen. '"The process was repeated six times to ensure the complate abscice
of oxygen. Alr controls were also subjiccted to the evacuation trectnent.

The system employed is represented diagramatically in figure 3. Iurther work
was carried out in which the necessity for svaking the seguments was avoided
by supplying the 2.0mM.sodium fluoricde in the donor and/or the receiving
block. Both techniques were carried out under the conditions previously
described for transport experiments and the segments were processed for

scintillation counting.

Degradation of 2,4-D

Metabolic breakdown of the herbicide in Pisum sativum was investigated

by monitoring the evolution of radicactive carbon dioxide following the
application of donor blocks containing 1.0m molar 2,4—D(—1-14C) or
2,4nD(—2—14C).

The apparatus, illugtrated in ligure 4, consisted of two chambers
containing the experimental material and through which humidified air was
sucked by a vacuum pump. “The alr then passed through a series of two small

bubblers each containing T.5mls. ol a CO, trapping-sgent consisting of

2
ethanolamine: ethylene glycol monomethyl ether:tolucne (1:8:10 v/v). “he
trapping-agent was changed every twoe hours througiiontl tie edperiment and
was drained directly into scintillation vials, to which were added 10mls.

gscintillation fluid prior to counting.

The experiment was carried out in physiologically inactive green

light at 25°C.

Growth tests

The growth rate of 10mm. long Pisum root segments excised 2mm. behind
apex of three day old seedlings was determined in 2,4-D solutions over the
rénge 0.1 mM - 0.0l pM. -~ - . A control was carried out using distilled

water. iour replicates ol ten segments were fleated in 1Omls. of herbicide

2l




hxperimental system for achieving an anaerobic environmenl in
investigations into the dopendence of herbicide lranslocation

on the metabolic activity of the root scgments.
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mxperinental system for trapping radicactivity evelved from the
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2, 4-n(-2-10).




4

duing WAR3DH sdoiy] g3 Si3quiBy] |DjuawIady] siaypiuay 1y
=7 =T = o
S % 2 |- —-F
— -=I- Al o |- — |-
ol S| et 2=
o L 2 -
- s~
g T iT L b
/
— == <= p=a— = <




solution or water in individual plastic petri dishes. Growth was permitted
for a predetermined peridd in a growth room at 25°C in total darkness.
segments were wiped ary before shadowgraphs were talen at a magnitfication

of five times. Ilford "1B4 1P" photographic paper was exposed lor six
seconds and was developed in Iiford contrast rF developer, diluted 1:4 with
distilled water, until the image of ithe segments was contrasted clearly.

They were then rinsed in tap water before being transferred to a 1l:4 dilution
of Kodafix solution for ten minutes. A [inal rinse.in tap water was given

prior to glazing.

The length of each segment was measured alongy the median line using

a flexible millimetre scale..

Measurements oi the length of the radicles of intact seedlings were
taken at the conclusion of appropriate experiments. In other ianstances,
agar discs were encircled around the radicle and measurements taken at

intervals.

Statistical analysis

The experiments presented in this thesis were designed 1o demonstrate
the presence or absence of clearly defincd trends in the translocation cf

2,4=-D in the roots of Pisum sativium. 1In general, the work bag buen concesned

with comparisons of acropetal and basipetal translocation and tne et'fect ol
certain treatments. Adeguate replication within each experiment was limited
by the time-consuming noture ol bthe technigue, bul since cenditions in the
growth rooms were constant, data from identical experiments carried oui

on different occasions were pooled for statistical aralysis. Jetails of

the number ol occasions and replication are quoted at the beginning of each
section of results. "The only analysis undertaken was Students' T-test for
the comparison of two sets of means. Significance levels are given as

star-ratings:

* = 5% level
*% = 1% level
KHK

0.1% level

Degrees of freedom are presented with each lable ol data.




On other occasions, the significance of fluctuations from the
"general trend" was analysed using technigues advised by the Statistics
Unlt, Wye College, University of London. The normally accepted version
of orthogonel polynomial regression analysis was favoured but was found
to be unacceptable gince the first observation for most of the experiments
passed through the origin. With this constraint on the dats the analysis

wag modifled as followss

To £it a regresaion.line ¥y o= d:*-ﬁx:+gxz + ¢ (eg. parabola) to a setl of
date use the estimated eguation:
¥y = a + bx +cx2 + e
Minimising Zeg, this gives:
an + bix + czxz

Zy = »
ZXY = 85% + b£x2 + cixj
e s 2
zx@y = aéxz + bEx’ +eix4

vhegre n = number of points

a,b & ¢ = estimated regression coefficients
But in the case where the first point is at the origins
¥ xpx~ng24~i

~which is estimated by: o
¥y = b + cX” + e

Least squares regression yields the equationss

SRy = bzx2 + 02x3
.ZX?y'a béx3 + cix4

In oxder to determine the least significant value by which the Ffluctuations
mast be different from the fitted regression line, particular values of

x vere substituted into the following equations:

LSD = t value on 110F x / 7/ %° + 1
5%2

(b)  QUADRATIC

LSD = t value on 10 DF f>//;£ [;1 +1 {f32x4 » x5 o 2x22x3§:]
A

~where LSD = least significant difference

(a) LINEAR

DF = deerees of freedom

o DF = degrees of é&eedom
g =
A 32 = residval mean sguare

= 2 4 3\ 2
Where presenﬁeé§ = XZX' - (?X ) _ presented by vertical lines on figures.



RESULTS

PHYTOUOXICLTY OF 2,4=D

In order to determine the relative phytotoxicity of the herbicide

concentrations proposed for the bracer studies, the effect of a range
of copcentrations of unlabelled 2,4-D were evaluated by two strsalght-
growth bioassays. The first involved the floatation of 10mm long Pisum
root segments in 2,4-D solutions for 24 hours, vwhilst the second had

herbicide supplied in agar blocks either to the apical oxr the basal end
- of the seguents, Both bicassays were set up in green light and run in
total darkness at 2500. Shadowgraphs of the segments were teken atb
five~times magnification and the Image 1ength measurcd and computed to

give agtual lengbh.;EEPh po1nt on the graphs is the mean of# forty obsjgk

Ploatation of the segments in 2,4«D solutions ranging from 0,01l pM
o Oel mM, produced a growth response which was consistently smaller than
that observed in the water control (fig.5). At 0.01 pM and 01 mi,
for example, the segments were 0.6 and l.2mm sghorter than the control and
were sigunificant at the 0.1% level of probability. Maximum elongatbion was
recorded at 0.1 nM and 10.0 n¥ 2,4-D, bul the 1engths were not signilicantly

diiferenL fmom %he contrcls. Pairedwt;test’an Lyses gave tavalues 0 L

Application of the herbicide in agar blocks resulted in the
promotion of elongation, such that the segments were longer than the
controls. Little significance could be atibached to the variations in length
detected after donation of the compound to either end of the segments
and no clearly defined concentrations for optimum elongation or

phytotoxicity could be defined.

Thus, on the basis of these two bioassays, the use of 1.0 uM 2,4-D
in tracer experiments can be considered to be a useful compromise between
phytotoxicity and an adequate specific aclivity of the nadioactive

compound.



FIGURE 5

(a) Length of Pisum xroot segments, initially 10mm long, aftex
floatation in a vange of 2,4~D concentrations for 24 hours at

2500 in darkness;

(b) Length of Pisum voot segments, initially 10mm long, after supplying
agar blocks containing 2,4-0 {o either the apical or basal ends for

24 houws at 2500 in darkness.
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PHE MOVEMBND OF 2,4-D(=1="%) AND 2,4-D(-2-+4c) 1§ PIsuM Roov SHGMENLS.

The primary objective of the investigations reported in this
thegis was to establish whether or nolt 2,4-D could move through sub-

apical zroot segments of Pisum gativum in a polar or apolar mannex.

Donozr blocks of 1.0 i 2,4=D(~1=+40) or 2,4=D(~2-*40) were
supplied to either the apical or the basal ends of 10mm long Pisum root
segments, for the determination of basipetal and acropetal translocation
of the herbicide respectively. Plain agar receiving blocks were applied
to the opposite end of the segments. Tyenty-four indepandent sets of
four root segments, each with commmal agar blocks, were set up in ovdex
that herbilcide translocation couvld be assessed at S-hiowrly intervals from
0=60 hours, using a destructive sampling technique. Green light was
used during experimental manipulations but the transport pericd was in
total darkness in a light=proof cupboard at 259& lOC. The experiment
was repeated on several occasionsg and the daba from experiments carried

out on four differvent days are presented for each labelled compound.

The 140 content of recelving blocks applisd to the apical or
bagsal ends of Pisum root segments supplied with the =COOH oxr -CH2 labelled
compound is presented in figure 6. At each sampling interval one donor
and one receiving block were applied to four replicate segments. After
an initial lag-phase of 10~15 hours, 140 could bhe extracted from apical
and bagal receiwing blocks, indicating a velocity of 047~1.0mm h“l. A
subsequent rapid increase in apical block content was accompsnied by a
much smaller increase in the level of radioactiviiy in the basal blocks.
In fact, the content of the apical blocks following a 30 hour donation
of 2,4-D(-1-l40) or 2,4—D(-2-14C) was,; on average, 13%.8 and 6,7 times
greater than that of the basal blocks. Differences of 31,9 and 12,6
fold respectively after a 60 hour transport period indicated a preferential
movement of 140 into the veceilving blocks of the acropetal treatments,

Total radiocactivity extracted from the root segmentsand
receiving blocks in the eight independent experiments is presented in
figure 7. for the =~COOH and the ~CH, labelled compound. Qver the
initial 10-15 hours the levels of 14C(_in the acropetal and bagipetal
treatments weve virtually identical. After a transport period of

30 hours the radicectivity in the former exceeded that in the latter

2.




FICGULR 6

Radioactivity extracted from sgaxr receiving blocks applied to
the apical oxr basal ends of Pisum root segments supplied with 1.0 uM
2,4—D(—1«14G) (expts. 1=4) or 2,4-D(—2-l40) (expls.5=8) for 0=60 hours
al 2500 in derkness. The experiment was repeated on eight different
occasions and the data show the total accumulation from sets of four

root gegments.
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by an average of 1.7 bimes with the compound labelled in either position.
By the end of the experiments the level of 140 in the acropetal treatments
was an average of 4.9 and 3.5 times greater than that in the basipetal
treatments following donations of 2,4—D(-1~140) and 2,4-D(~2-l40)

respectively.

Pesks of high 140 content in the acropetal treaiments were
detected after 10-15, 35 and , except in experiments 5 and 6, after
50=55 hours. Additional peaks were recorded after 20-25 hours in
experiments 3,5 and 6 and after 45 hours in experiments 6 and 7.

Statistical significance of these peaks was not tested.

Donor blocks containing higher or lower than normal levels of
radicactivity would be a source of error Likely to result in fluctuations
of extractable 140 from the experimental sysbtem. A comparison of the
level of radioactiviiy in the segments and receiving blocks and the amount
remaining in baselly epplied donor blocks with time (fig.e) revealed that
peaking in extractable 140 corresponded to a high level of activity in
the donor block only at the 20 hour point in experiment 8. in many
cases, increased donor block actbivily appeared to be counterbalanced by
decreases in the remalnder of the experimental system. The relationship
in the basipetal trestments was not so clearly defined but, allowing fox

the scale differences in figure 9, +the same bagic trends were present.

On average, <Uhe radicactivity in donoxr blocks applied to the
bagal end of Pisum root segments for 1% hours amounted to 91~95% of that
preseat in the apical blocks, indicating little difference in uptake of
Y by the two ends of the segments (table 2). Differential uplake
increased siteadily throughout the experiment, however, so that after
60 hours the basal block content was only 57% and 65% of that in the apically
applied blocks of 2,4-D(-l-140) and. 2,4-D( -2-140) respectively.
Clearly, the 140 logg from basally applied blocks exceeded that firom
apically applied blocks.

Tigure 10 shows the distribution of radioactivity along the
root segments with time. These data from experiment 1 are typical
of the pattern detected on cutting succegssiwe 2mm pieces of the four
segments at each sampling interval. Donation ta the apical ends of the

segments resulted in less movement of the radicactive molecules azlong
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FIGURE T

Radicactivity extracted from receiving hlocks and corresponding
sets of four root segments supplied with 1.0 piM 2,4—D(nl-l4c) (expts.
1-4) ox 2,4—3(—2-140) (expts.5-8) from 0-60 hours at 25°¢ in darkness.
The experimentis were carried out on elght different days and each acropetal
and bapipetal treatment was get up independently and run in a temperature

controlled davkroom.
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PIGURE 8

Radioactivity extracted fxom 1.0 uM donor blocks of
2,4-D(~1-+40)  (expts.l-4) or 2,4-D(-2-*4¢) (expts.5-8) supplied to
the basal ends of Pisum root segments, compared with 140 extracted
from the root segments and receiving blocks. The experiments were
carried out on eight differenl occasions atb 2500 in darkness and each

donoxr block supplied four segments.
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FIGURE 9

Radiocactivity extracted fxom 1.0 il donor blocks of 2,4~D(»1-14C}
(expts.l=4) ox 2,4—D(-2-14C) (expts.5=8) supplied to the apical ends of
Pisum root segments, compared with 140 extracted from segments and
recelving blocks. The experiments were carried out on eight different
occagions at 2500 in darvkness and each donoy block supplied four root

segments.
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PABLE 2

Ratio of 140 content in basal/apical donor blocks of 1.0 nlM 2,4—D(—1~140) or
2,4-D(-2-14C) applied to Pisum root segmenis at 25% in darkness (refer to
figures 8 and 9 for absolute count levels).

Expb. No. Acrop/Basip x 100

15h %0h 45h 60h

1 82¢3 | 88.91 97e4 | 6049
2 9248 | Tded | 6Te3 | 61.0
3 95.1 80.5 8l.6 67.0
4 94aT | 93e3 7 06049 | 3845
Means 91.2 8403 76.8 : 56;8
5 91.% | 10342 | 8242 | 37.2
6 104,.2 Tled 63,8 6045
T 869 | 9949 TT+3 | 9341
8 9641 | T9eT| T9e4 | 6947
Means 94.6 | 88451 T5¢7 | 65.1

EBxperiments l«4 = donation with 2,4-D(-1-l46) .
Experiments 5-8 = donation with 2,4-D(-2-l46).




the segment than when the herbicide was supplied to the base. Tow
example, the content of section B was 530 dpm and 140 dpm in the acropetal
and basipetal treatments whilst section I' contained 140 and 10 dpm
vegpectively after a transport pewiod of 60 hours. Thus the acronetal
polarity of 140 movement detected in the 140 content of receiving blocks
(£ige6) was reflected by a westricted movement of radicactivity towards

the receiving block in the basipetal breatments,

Fluctuations in the level of 140 present in the 2mm of segment
in contact with the donor block (A) were recorded after 10, 35 and 55 hours
with basgl donation and afber 10, 25, 35 and 50 hours with apical donation.
The peaks of 140 content could be detected in sectlons B~k of the acropetal

replicates. Statistilcal significance of these pesaks was not ascertained.

Fxpression of the data as % of the total uptake of radioactivity
revealed that 24% and 50% of the 14 ves retained in the 2mm of segment
adjacent to the donor block in the acropetal and basipetal replicates
respectively after 60 hours. "he values for the corresponding region
adjacent to the receiving block were 3-4% end 1-2% respectively (fig.ll).
It was apparent from this breatment of the results that a steady~state
was egtablished in which each 2mm piece of the segment conitained a definite
proportion of the total uptake after 25-30 hours. Following & basal
donation, for example, the equilibxium distribuiion was approximately
25, 15, 11, 8, 7 and 4% fxom the donor to the receiving block end of the
segmentss Comparable data after an apical donation were 55, 22, 10, 6,

3 and 1%. A preferential movement of radioactivity towards the moot apex
was detedable, therefore, in the proportiomal digtribution of 140 along
the root segments. '

A semi=logarithmic plot of the distribution data showed thet an
exponential decreasge in 14G~00ntent occurred from one end of the segment
to the other (fig.12). But ag time progressed, only the central part
of the segments exhibited the linear relationship, which might indicate

the involvement of an unidentified process at the ends of the tissue,

Figure 10 revealed that the 2mm of the root segmenis in contact
with the donor block exhibited the most errvatic fluctuations in 140 content.
The data presented in figure 13 illustrate that the highest levels of
radiocactivity occurred after 10-15, 35=40 and 45=55lon each occasion

except experiments 5 and 6. An additional peak was recorded afﬁer

AL



FIGURE 10

Digtribution of radiocactivity in successive Zmm sectlons of
Pisum root segments supplied with 1.0 pi 2,4«D(-1m140) at the apical or
bagal ends at 2500 in darkness. The donor block end of the segment
ig denoted by A and the xeceiving block end hy I, Each point ig the
totel radioactivity exiracted from corregponding sections of four

root segments supplied by a comuunal donor block.




RADIOACTIVITY (Dpm)

' LEVEL OF

iooo} LRSI N

800

T
AN

600

400
200}
o)
- REC |
- F X
E
R \ B |
A A
I ON | B

600: o / \/‘
400} ,/‘\ / | \ ) \'\A

200 ‘ .t nt
/ \'/ \.B
. - \‘__./‘\.\C

s ® P © rer——— @ e— o
__._.I———; - :'—_. _:—-—...._-"“.D

p : 2
1 l [ I J I 1 |F

30 40 50 60-
TIME Ch)



FIGURE 11

Digtreibution of radioactivity in successive 2mm sections of
Pisum r00t segments supplied with 2,4-D(-1-*%C) at the apicel or basal
ends at 2500 in dexkness. The denor hlocﬁ?%s denoted hy A and the
receiving block end by F. Fagh point is the radioactivity, expressed
as 5% of the total extracted from four root segments and communal

receiving block at each sampling interval.
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TIGURE 12

Distribution of radicactivily along Pisum root segments after
10, 20, 40 and 60 hours, presented on a semi-logarithmic scale. The
data are the mean of four experiments carried out on different days at

25% in derkness using o donox concentration of 1.0 ni 2,4.«D(=l«14’0},

A,
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20=25 hours in experiments L, 5 and 8. Peaking of acropetal and

basipetal treatments within an individuwal experiment were closely

synchronous. Por example, peaks after 10-15 hours were present on each
occasion in bolth acropetal and bagipetal treatments. This was true at

the 35 hour point with the exception of the basipetal treaiments of experiments
T and S

Honitoring the 140 content of the donor supply revealed that
more radloactivity was lost from the blocks applied o the basal than ‘o
the apical ends of the segments (table 3). After a transport period of
30 hours, up Lo %% times more 146 was lost from the basal than from the
apicelk blocks, whilgt the difference was 4-5 fold by the end of the
experiment. This was equivalent to a loss of 49.4% and 42.6% of the
initial 2,4-D(-1-1%C) and 2,4-D(-2-"4C) donow supply to the acropetal

treatments and 10% from the basipetal treatments after s 60 hour experiment.

The radicactivity in the root segments and receiving blocks
accounted for 19-23% and 11-13% of the totel 140 present in the ascropetal
and basipetal systems respectively after 30 hours. By the end of the
expeviments the corresponding values were 40-48% and 10-11% (tabled).

The polerity ratios (acrop/basip) exhibited the same trend as those for
140 content of recelving blocks and 14C~loas from donor blocks in thatl
the levels of wmadioasctivity in the acropetal treatments were consistently
greater than thoge in the basipetal treatments. Little difference
between the ~COOH and —GH2 labelled compound could be detected.

It s clear from these data that radiocactivity, applied as
2,4uD(-1—1é) ox 2,4*D(~2m%§) moved preferentially towards the woot tip
ie. exhibited an acropetal polaxrity.



TIGURE 13

Radioactivity extracted from apical or basal 2mm pieces of
Pigum root segments in contact with 1.0 pi donor blocks of 2,4—D(-1n140)
or 2,4~D(»2-14C) at 25°C in darkness. The eight expeviments were
carried out on different days and the data are the total radioactivity

preseat in the four segments supplied by a communal donor block at each
sampling interval.

Experiments l=4 eceeease LeO M 2,4-D(ul~140)

Experiﬂlen'bs 5-& sensace 100 )J.M 2’4.—])(-2-140)
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'RADIOACTIVITY FROM 2mm OF SEGMENT IN CONTACT WITH DONOR BLOCK ( Dpm?
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RADIOACTIVITY FROM 2mm OF SEGMENT IN CONTACT WITH DONOR BLOCK (Dpm)
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The loss of radiocactivity from 1.0 pM donor blocks of 244D {wl

PABLE 3

o 2,4~D(-2«140) supplied to Pisum root segments.

Txperiments Le4 seeesse 2g4aD{=l-
Experiments 5=8 seevees 2y4mD(=2-

Hxpte Ho. % loss of 16 fwom donor blacks
30 hours 60 hours
Acrop Bagdip Acrop Basip
i 13.2 244 43%.0 6,2
2 25,1 6ol 43,0 6.4
3 17.5 11,5 62.% 242
4 18.9 245 4944 2444
Mean 18,7 5T A9.4 9.8
Acrop/basgip %43 540
n "”5‘” T ;0:.5'“ i ""2";‘.; 1 24?(” [ ;.; T
6 42,9 19.7 4343 62
7 19.0 18,9 2446 19.1
8 3843 22.5 3T« T 0.7
Mean 3041 22.1 4246 1043
Acrop/basip 1.4 4el
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Radioaetive content of root segments and receiving hlocks,
expressed as % of that in the segments, recelving and donor blocks.

Experiments le=4 veesvses 1.0 ull 2,4~D(-1m14c)

Experiments 5-8 secsvene Lo0O pM 2,4—D(-2~140)

fxpta  Noe 140 in tissue + wec. ag % of total in system
30 houns 60 houws

Acrop Basip Acrop Basip

i 17.4 12,2 4644 1i.2

2 ‘32.0 | 15.6 45.0 14,0

3 “16.3 | 14.0 | 60a 7 Gl

4 2740 1.1 | 4.2 12.9

Mean .23.0 13.2 | 4843 11.0
Acrop/basip “ 1.7 4ol

5 13.3 | 9.6 5440 11,5

6 297 | 172 | 5344 1444

T 13,1 | 1003 | 26,3 847

3 2006 | 9.4 26,7 7.3

Mesan 19.2 - 116 40,1 10.5
Aerop/basip 1.6 548




#luctuations in transport data

Throughout the course of the experimental programme rep rted in
this thesis it became increasingly clear that the process(es) involved
in the movement of 2,4-D through root segments did not proceed at constant
rates. In fact, the possibility that a reversal of certain processes
might ocenr could not be discounted. A series of experiments was: designed

in an attempt to clarify the situation.

(1) Effect of time of setting-up

Since experiments in which destructive sampling was carried out
were seb-up at staggered intervals over the period 09.00~18.00 hours
for ease of harvesting, it was possible that the fluctuations could be
linked to regular fluctuations of an environmental parameter. In addition,
the initial age of the segments could vary by up to 9 hours because all
segments for one experiment were excised from the same batch of germinated

seeds.,

Identical acropetal and basipetal replicates were get-up at two-
hourly intervals throughout the day and were kept in contact with 1.0 uM
2,4mD(~1~l4C) for 24 hours at 2500 in darkness. The data are presented

in table 5, together with the results of a statistical analysis in table 6

The time of getting-up had little effect on the total uptake or the
140 level in the segments of the basipetal replicates. Accumulation in
the assoéiated receiving blocks, however, fell steadily so that a 62%
difference between the first and the last set of replicates was recorded.
The total upteke and segment content of radicactivity of the acropetal
replicates were significantly different from the 09.00 hour point on two
occasgions., Accumulation of radicactivity in the receiving blocks of the

acropetal replicates was reasonably stable.

In conclusion, the time of setting~-up did not appear to have an effect

on the movement of 2,4-D in the acropetal replicates, but did appear

to be a significant factor in the basipetal replicates.
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TABLE 5

The effect of time of setting-up on the uptake and translocation of
2,4-D(- 1-—140) supplied to Pisum root segments at 2500 in darkness.
The data are based on a total of eight independent replicates.

Time | Sample RADIOACTIVITY ( dpm )
(h) Acropetal Basipetal

09.00 {Receiver 120.2 + 12.9 59.5'_1_ 3.4
Tissue 2117.9 + 153.8 1189.0 + 104.1
Uptake 2238.1 + 146.3 1228.% + 103.1
11.00 [Receiver 118.4 + 8.7 33.2 + 4.5
Tissue 1709.1 + 125.5 1229.1 + 79.8
Uptake 1827.5 + 131.0 1252.3 + 67.6
13.00 [Receiver 98.5 + 9.9 28.1 + 5.1
Tissue 1910.4 + 234.6 1018.3 + 84.5
Uptake 2008.9 + 235.1 1046.4 + 79.9

15.00 |Receiver 108.9 + 10.9 19.0 + 4.4
Tissue 1667.9 + 112.4 1066.2 + 92.3
Uptake 1776.8 + 109.5 1085.2 + 90.1
17.00 |Receiver 90.1 + 6.7 23.8 + 4.6
' Tissue 1888.9 + 143.0 1141.9 + 43.4
Uptake 1979.0 + 147.2 1165.2 + 44.7
19.00 |Receiver 79.7 + 8.9 15.7 + 1.9
Tissue 1933.8 + 93.2 1230.4 + 89.0
Uptake 201%.5 + 87.0 1246.1 + 89.2
21.00 |[Receiver 98.8 + 24.4 14.8 + 3.1
Tissue 1884.6 + 219.9 1104.7 + 7T1.5
Uptake 1983.4 + 226.0 1119.5 + 72.6
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(ii) The use of shorter sampling intorvals

The radiczctive content of the donor, tissﬁe and receiving block
was estimated by the destructive sampling technigue employed previously
but using 2-hourly, instead of 5- hourly sampling intervals. The
necessity for an independent set of roots at each sampling governed the
possible number of replicates. Consequently, 1.0 uii 2,4—D(~1-14C) vas
supplied to only two acropetal end two basipetal replicates, each
containing four root segments. The experiment was carried out on two

occasions and the mean data from each experiment are presented separately.

During the initial 10 hour period of experiments A and B approximately
‘1700 - 2000 dpm entered the root segments (figure 14), Rapid fluctuations
in the level of 140 over the subsequent 10 hours of experiment A and 20 hours
of experiment B were not significantly different from the fitted quadratic
curves (table 7 ). Further peaks and declines in the level of radiocactivity
in the segments were noted at intervals during the remainder of the -
experiment. Polynomial regression analysis revealed that the trough at %8
hours and the peak at 50 hours in experiment A were significantly different
from the fitted curve. lOnly the peaks recorded after 54 and 58 hours in
experiment B proved to be significant. Nevertheless, there was a striking
resemblance in the pattern of peaking in the two experiments. 1t is
tentatively suggested that the peaks 1, 2, 3 and 4 might be essentially
similar except that a 10 hour delay in experiment B might have occurred.

<

Export of radioactivity into the receiving blocks was also

14

characterised by periods in which the detectable " 'C increased rapidly whilst
at other times a loss of 140 from the blocks appeared to take place. For
example, maxima in experiment A were noted after 30, 40, 50 and 98 hours

and after 28, 38, 48 and 58 hours in experiment B. The situation was less

clearly defined in the receiving blocks applied to the basipetal replicates 
(figurels ),
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FIGURE L4

Potal radloactive content of Pisum woot segments supplied
with 1.0 uM 2,4»D(~1»140) eithey at the apical or the basal end of the
cut tissue. Mean data from two experiments (A & B) ave presented

and both wexe carried out at 2509 in darkness.
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PIGURE 15

The content of radloactivity in receiving blocks applied to
the apical or the basal end of Pigum rool sesments supplied with 1.0 uM
8,4‘~§)(=la—14(3) at 250{) in darkness. The data are the mean Lfrom two

experiments (A & B) each of which consisted of four replicates.
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_WABLE T

Polynomial regression analysis

(1) Bxperiment A

Source o
Linear 1
Guadratic 1
Aeasidual 28
Total 30

¥ = 124.09% ~ Lo55%°

Pime LSD from
(h) fitted line
6 142544
58 149542
50 15149

8 13 &
6.14415520” 04144155207 361,69
9011411495 9011411495 22,61
1115961894 39856468
0416432643
Calculated Observed  Difference  9ig.
i X
6967 141049 T14.2 -
279849 1256.7  1553.2 #
267049 43686.0 151541 3

5
rnelmeon



Lxpewiment 1

Source Iy 83 5 ¥
. i " |
Linear 1 00144096577  0e144096577 761,02
Quedratic 1 409T523.01  A097525.01 92,21
Residual 28 5165951423 184498, 26
Potal 50 04153360057
. 2
¥y = 104.09% = 0.80x
ime 18H from Caloulated Ohgerved Difference Bige
[V fitted line b b
6 9698 59169 119445 60246 -
38 1019.8 265544 309448 4394 i -
54 1065,7 299640 450040 15040 %
56 1124,2 301040 442040 1.400.0 %
¥ 4u20 % K
1, 28 ee A

To64 %% 1

%% 00155

W = degrees of freedom L3D = least significant differvence

85 = sum of squares 3ig = indication of a significant

M5 = mean sguare difference from the itted line.
F = vaprlance ratio



(iii) The use of non-desbructive sampling bechniques

A non-degtructive sampling technigune was employed in order
that the innate varisbility associated with the use of several sets of root
segnents, in the destructive sampling experiments, could be wreduced by
uging only one get of roots. The movement of 2,4-D was studied in
terms of 14On108$ from donor blocks and the 14G»content of receiving

blocks applied to one set of Pisum root segments.

1.0 nM 2,4-D(~1~14C) was supplied to the besal and apical
ends of root segments in acropetal and basipetal rweplicates. in each
case, four replicates were get up in which the donox hlocks were meplaced
at 2=-hourly intervals, and another four in which the wreceiving blocks
were replaced at similar intexvals. This experiment was run
(simultaneously with experiment B in section jii ) at 25°C in total
darkness.

igure 16 presents the loss of 14

¢ from donor blocks applied

to the basal end of the segments fow succesgive periods of 2 hours.
Periods of greatest 140 loss were 7=9,17~19, 25-27, 31=33%, 39 and 55-57
hours, with those underlined being periods of vexry high loss,

Greatest loss in the basipetal replicates occurred aftern Y, 15, 23, 31-%3,
5T, 53, 57 and 62 hours.

Table 8 reveals that the level of extwactable radicactivity in
the donor blocks spparently dincreased at intervals throughout the
experiment. For example, an additional 1932 and 2862 dpm were delected

in basal donor blocks after the 35 and 49 hour points of the experiment.

Figure 17 shows the accumilation of radicactivily in receiving
blocks during eash 2-hour period of the experiment. he acxope tal
veplicates had high rates of accumulation after 29, 45 and 73 hours,
vhilst the peaks in the basipetal replicates ocourred after 15,25,3%,43,
63 and 7% hours.

The results of this experiment wevesled that, in general, the

periods of high loss of 140 from the donor blocks could be related to

periods of greater accumilation of 14

¢ in the receiving blocks 14~16
houws later. This time intervval would be acceptable since it is the

approximate time taken for 140 to pass froﬁ?g%d of the segment to the othemr.

w2l



FIGURE 16

The loss of radiocactivity from donor blocks of 1.0 uM
2,4-D(~1="%) supplicd to the apical or the basal end of Pisum
root segments atb 2500 in darkness. The date are the mean of four
replicates at each 2<hour hamrvest and are presented as the loss of

radicactivity during each sugcessive 2-hour interwval.

Increased levels of radioactivity were recorded inm the donor blocks
at several intewxvals during the experiment:

Time Increase in donor block counts (dpm/2h period)
(1) ACROPETAL BASTPETAL
13 ‘ 4780.1 1392.9

LT - 1513.3

35 1932.3 184.9

43 86647 134043

45 - 3647

47 - 52540

49 2862.0 5250

53 1652,1 -

55 - 80241

59 309544 54547

63 388.3% -
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FIGURE 17

Radloactivity extracted from receiving blocks applied to the
apical or bagal end of Plsum woot segments atb 25°C in derkness. The
data ave the mean of four replicates at each harvest and are presented

14

ag the inorease in " 'C contenl during each successive 2~hour period.
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IMMOBILISATION OF 24D

Investigations o determine the extent of immobilisation of
the radiocactive herbicide within the root segments were carried oul
using the normel segment technigue.

(A) Comtrol
Donox blocks of 1.0 pM 2,4-D(-1-14C) were supplied Lo the apical ox
bagsal ends of 10mm long Pisum rool segments for assessment of basipetal

and acropetal transport.

(B) Plain ager treatment

Pisum root segments were supplied with E,4—D(n1-140) in the manner
degcr@bed for the control experiment, but after 25 hours the donor block
vag replaced by a plain agar hlock. This prodédure wag adopled since

14C

segment came to a 'sieady state! after approximately 25 houvrs.

figure 11 indicated that the level of in successive 2mm pileces of the

(C) Unlabelled (cold) 2,4-D treatment

Procedure was identical to that for the plain agar treatment (B) except

that the donoxr blocks were replaced with blocks containing 1.0 i
ulabelled 2,4-D after 25 hours.

Levels of radioactivity in the segments, donor blocks, receiving
blocks and replacement hlocks were determined by liguid scintillation
counting of ethanol exitracts. xperimental manipulations were carried out
in green light end twansport periods run in humidifiled chambers placed
in a dark cupboard. The temperature was 2591 1°¢ and thermograph

records revealed that Lluctuabions were minimal.

kach point on the graphs represents the mean value from eight
independent weplicate samples, ecach consisting of four root gegments
with gommunal donor and receiving blocks. The asgsoclated standard

errvors are presented asg verticel lines on the figures.

Data for the control experiment (figure 18) illustrate that an
acropelal polarity of 140 movement could be defined as a vestricted
distribution of radicaclivity along the root segments and an absgence of

14

a continued increase in " 'C content of the segments following apical

donatvion of the compound. Standard errors for thése data are presented

ey



in table 10. These points will not be considered further sinee the
date in figure 10, Dbearing a gtriking similarity, have been covered
adegquately.

A polynomial regression anelysis revealed that the levels of
140 in the 2mm of segment (A) adjacent to the domor block and the
subsequent 2mm pimpe (B) of the acropetal replicates possessed a
significant (*) quadratic relationship with the x-axis. Turther analysis
indicated that points of greatest deviation from the fitted curve to section
(A) of the acropetal replicatea ie. after 10, %5, 55 hours were not
significantly different ffom the ourve, Fluctusations in section (B)
after 30, 35 and 5% hours were not significantly different from the fitted
regression curves, The time-course of 140 content in section (') proved
to be not significantly different from the fitted linean regression

(teble 16).
Fluctuations were not detectable in the basipetal weplicatea.

Replacement of basal donor bloocks by plain agar blocks after
25 hours (figure 20) resulted in a 60% decrease in 140 content of the 2mm
of segment in contact with the donor bloock, within % hours. Replacement
by blooks of unlabelled 2,4~ produced an 85 % decrease of 140 in the 2mm
of segment adjacent to the donor block (figure 19). Redionctivity in this
part of the segment decreased so that by the end of the experiment the
content, after applying plain blocks, was only 8% of that found after
25 hours and was only 17% when unlabelled 2,4-D was used.

It should be noted that following the removal:of the donor blocks
the 140 contentolf each successive Zmm plece of segment beceame virtually
identical. The values were 40«80 dpm end approximately 100 dpm for the
plain and unlabelled 2,4-D blocks reapectively. This was not true for -
the basipetal replicates, however, where the initial decreases in the
140 content of each part of the system, in response to the removal of the
donor block, were followed by the segment reaching an equilibyium in
vhich each 2mm plece contained a definite proportion of the total
radioactive uptake. After 50 hours, for example, the levels were
16, 8, 4, 2, 1 and 0.6% with plain agar blocks and 1L, 5, 4, 3, 3 and 2.5%
with unlabelled 2,4-0 bloeks. It would appear that the major portion of
the 14& either remained in the replacement blocks ox in the veceiving blocks.



The radiocactivity in the agar blocks which replaced the radicactive
donor blocks was monitored at H-hourly intewrvals following the change.
Ita and the results of a statistical analysis are presgented in fipures
21 and 22 and table 13 Within 5 hours, the plain agar blocks applied
to the basal end of the acropetal replicates contained 385 dpm which
accounted for 1L6% of the radloactivity in the system. A further increment
of 90 dpm was deitected during the following b hours, bulbt no significant
change in 140 conbent could be detected over the subsequent 10 hour period.
A decrease of 179 dpm during the 45-50 hour period,; however, was significant
at the 5% level of probability. The export of radioactivity into plain
agar blocks applied to the apical ends of the basipetal replicates accounted
for T4% of the total radioactivity in the system 10 hours after the change-
over, bul no further change occurred during the experiment. ‘these data
closely fitted a calculated cubic wegression curve (dotted line in figures
21 and 22) at the 5% level of probability (table 16).

Ixport of radiocactivity into unlabelled 2,4-~D blocks applied to
the bagal end of the acropetal replicates during the initial 10=15 hours of
the replacement period accounted for 31% of the mntire rvadiocactivity in the

14

system. The subsequent decline in the ~'C level lasted for 5 hours longer than
in the corresponding plain agar treatment, bub an upward twend (¥ sign.)

was apparent at the 60 hour pointe. 52% of the radiocactiviby in the segments

of the basipetal replicates supplied with unlabelled 2,4-D blocks was

found in the replacement donor blocks 20 hours after the change-over.

Further increase did not occur for 15 hours and the quiescent phase

corresponded to the trough in the 140 conbent of the unlabelled 2,4-D blocks
applied to the acvopetal replicates. Statistical analysis is presented in
table 16.

Accumulation of 146 in the plain agar and the unlabelled 2,4-D
blocks applied to the basipetal replicates wes significantly greater than
the accumulation in the acropetal replicates on a number of occasions after
the 35 hour point (table 13).

Accumulation of radicactivity in the receiving blocks applied
to the control segments, which were given a continuous donation of the
rediocactive herbicide throughout the experiment, ~Lollowed the pattern

established for the acropetal polarisation of 140 movement. After 60

6




hours the level of radicactivity in the blocks applied to the apical end
of the segments was 23 times grealter than that in the blocks applied to
the opposite end (figure 23). Orthogonal polynomial regression
analysis revealed that the data for the 140 content of the acropetal

and basipebal controls was not significantly different from the fitted
curves (table 16).

Further consideration of figure 2% reveals that the withdrawal
of the radioactive donor blocks after 25 hours had Little effect on the
export of 140 into the rveceiving blocks of the acropetal replicates until
30 hours latexr, Agcordingly, the 140 in the controls at the 55 and 60
hour points was up to 73% greater than that in the receiving blocks
applied to the plain agar or the unlabelled 2,4-D treatments. These
differences proved to be highly significant in t-test analyses (table 14),
however, +the accumulsation following the two treaiments was identical.
Accumulation of radioactivity in the receiving blocks applied to the
basipetal replicates was virtually identical in the control and plain
agar ‘treatmente.

Replacement of the donor blocks by blocks of unlabelled 2,4~D
resulted in a rapid increase in export of radiocsctivity into 13&?%%ceiving
blocks. In fact, within 5 hours the level in the control was only
19% of that in the treated replicates. The level of enhancement
decreased steadily over the following 1% hours prior to a renewed upsurge.
Only the 55 hour reading, however, was greater than the control, but at
the 35, 40, 45 and 55 hour readings the level of 140 following the unlabelled
2y4~D treatment was greater than after the plain agar treatment,

The total 140 content of the segments and wreceiving blocks
(figure 24, and table 15) revealed a greater uptake by the acropetsl than
by the basipetal replicateg of the contirol.

A contimmous donation of the radicactive herbicide was necessary
for the full potential of acropetal upitake into the gspgments and receiwing
blocks to be dquired (figure 24 and table 15). Application of none
radicactive blocks resulted in an immediate cessation of uptake, ag might
he expected. %3% of the radiocactivity teken-up during the initiel 25
hours was lost by the end of the experiment when plain agsr blocks were

used, but no loss occurred when unlabelled 2,4-~D blocks were used. “he



loses might be explained in terms of experimental error but the data for the
total content of radioactivity in the system (donor, segment, and receiving
block) showed little signs of radiocactive~loss during the experiment.

Por example, the initial donor supply was 15432 dpm and the experimental
gysten of the acropetal treatments still contained 14772 dpm after 60 hours
iee a 4.3%% Loss, It is likely, therefore, that the 33% decrease in the
level of uptake could be accounted for by an jncrease in donor block
radioactivi ty. The Jdata for the basipetal replicates presented a more
difficult gltuation in that the withdrawal of the donor blocks led to
gignificant increases in the level of radiocactivity deiectable in the
system at the end of the experiment, in the case of the change over to
unlabelled 2,4-~D blocks. At this time, the upbake of 140 by the control
was only 54% of that by the unlabelled 2,4-D breatment.

Methanol extracts of the recelving blocks, the replacement blocks
and the root segments at the end of the experiment revealed that the only
radicactive compounds present ran to R values of 0.85-0.85, 0,91-0,92
and 0.72~04T4 in iso~propanol:ammoniaswat ex (8:l:l), n-butanol: acetic
acidswater (5:1ls2.2) and n-butanol:acetone: water (5:2:3) respectively.

The atock solution ran to RE 0.85, 0.90, and 0,70 in the same solvent
gy stems., It would appear unlikely, therefore, that the immobilised

radioactivity within the segments wag a metabolite of the herbicide.

Clearly, dmmobilisation of radioasctivity within the Pisum root
segments was not a factor likely to have & great influence on the
characteristics of 2,4« transport.



FIGURE 18

The distribution of radiocactivity along Pisum rool segments
;. L4
supplied with 1.0 pi 2,4~D(~1= 40) to the apical or basal cut surfaces

O, .. . . . N
at 25 °C in darkness. The experiment was carried out on bwo occasgions

with a total of eight replicates for each point on the graph and the data

are average values.
Dotted lines ave fitted vegression curves.
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TABLY:

Standard error of 140 detected along segments (dpm)

Treatment
Acrop
Basip

Acrop
Basip

Time
(h)

The standard errors associated with the data presented in figure 18,
&

10
15

8.

42

Acrop
Basip
Acrop
Basip

20
25
30
45
60




TIGURE 19

The distribution of radiocactivity along Pisum root segments
following the replacement of the anical or basal donor blocks of 1.0 uM
294~D(«1»1 ¢) by bloeks of 1.0 wi unlabelled 2,4-D. 'the date ave the
nean of eight replicates carried oul on two occasions atb 2500 in

darknesg.
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FICURE 20

The distzibubtion of radicactivity along Pisum rool segments
following the replagement of the apical ox basal donor blocks of
1.0 ﬁﬁ.2,4-b(«lmlqﬁ) by plain agar blocks. Data are the mean of

A R . . O, .
eight replicabey carried out on two occasions at 25 C in darkness.
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TABLE 11

The standard errors associated with the data presented in figure 19.

Time |Treatment Standard error of 140 detected along segment (dpm)
(h) A B C D E F
30 Acrop 16.6 10.7 14.2 17.6 52.4 84..0
Basip 78.3% 49.5 19.1 8.0 2.8 2.7
35 Acrop 27.3% 19.5 18.6 26.5 41.4 41.5
Basip 30. 4 17.1 6.8 2.7 1.5 3.1
40 Acrop 9.0 15.2 11.8 13.6 14.3 15.6
Bagip 70.3 23%.3 9.2 3.6 1.5 4.6
45 Acrop 9.1 15.4 17.2 18.9 26.6 31.9
Basgip 60.4 14.5 4.7 2.0 2.2 3.5
50 Acrop 12.1 6.9 5.8 663 4.8 8.9
Basgip 51.0 16.4 5e6 3.6 2.3 1.5
55 Acrop 7.1 4.6 3.5 445 4.3 6.9
Basip 21l.4 6.2 2.9 2.6 2.5 1.2
60 Acrop 14.0 Te3 5.8 5.1 5.2 8.5
Basip 37.9 10,3 3.8 53 23.0 19.3
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TABLE 12

The standard errors associated with the data presented in figure 20.

Standard error of 14g along segment ( dpm )

Time | Treatments
(h) A B C D E i
30 Acrop 29,8 5.7 11.8 16.3 11.5 9.2
Basgip 435.1 10.3% , 54.% 59.4 63.4 41.8
35 Acrop 4%.6 34.2 38,0 38.5 26.6 18.1
Basip 33,9 16.8 15.7 28.% 25.8 51.2
40 Acrop 20.8 26.6 24.0 23.8 25.4 20.6
Bagip 3l.1 10.8 18.5 26.4 17.0 22.9
45 Acrop 13.1 22.4 18.7 19.8 22.2 29.5
Bagip 4%.0 2%.8 9.7 12.1 17.4 19.3
50 Acrop 24.7 21.5% 21.0 17.2 23,2 15.8
Basip 29.8 TeT Teb 9.8 8.6 9.4
55 Acrop 10.2 3.5 2.3 5.5 6.7 TeT
Basip 20.2 6.6 6.5 9.1 8.5 7.3
60 Acrop 8.6 5.8 4.7 8.2 12.0 19.5
Basgip 22.5 10.9 6.4 6.9 19.6 9.0
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PIGURE 2]

ngdicactivity extrected fiom plain agar blocks which replaced
donoxr blocks of 1.0 uif E,QﬁD(-lml4C) at the apical or basal end of Pisunm
root gegments. The data are ‘the mean of eight replicates and the

experiments were carried out at 25°C in darkness.

Totted lines indicate fitted regression curves.

A
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VIGURT 22

Radiocactivity extracted from blocks of unlabelled 2,4«D
which were used to veplace donor blocks of 1.0 nM 2,4»@(-1-140) atb
the apical or the hasal end of Pisum root segments. The data
are the mean of eight replicates and the experiment was carvied out

at 2500 in darkness.

Dotted lines indicate fitted regression lines.
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PABLE 13

Paired t-test analysis of 140 content of agar blocks used to
replace donor blocks of 2,4~D(—1-14C) after 25 hours (figures 21 and 22).

There were eight replicate ssuples for each treatment.

4 with seven degrees of freedom:
* = 24365 *E = 5,499 K = 5405

Time Comparison of acrop-basip Comparison of acrop-hasip

(h) -plain agar blocks ~cold 2,4-D blocks
t=value 8.1 of aiff. b-value Seli, of diff.

30 =20 B35% 100546 -2 [25% L1154

35 =3¢ 766X 2175.9 5e 422"2 482.5

40 =52 Q5B 1974.6 B4 5OL*HN 941.8

60 =T QO0¥%% 1206.9 - 1O2%% 314247




FIGUS 23

Radioagtivity extracted from receiving bhlocks applied to the

apical or basal end of Pisum voot segments supplied with 1.0 il
2,4w§(~l-l40) for 60 houws. In some cases the donor block was
rvemoved after 25 hours and replaced by plain agar or blocks containing
1.0 nil vnlabelled 2,4-D. ach point on the graph is the mean of eight
replicates, each consisting of four root segments supplied with communal
donor and xeceiving blocks.
(A) Control with continuous donation of the radioactive herbicide for

60 hours.
(B) Donation of radiocactive herbicide for 25 hours followed by replacement

with plain agar blocks.
(C) Donation of radicactive herbicide for 25 hours followed by replacement

with unlabelled 2,4~D blocks. i
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TABLE 14

Pajired t-test of the date presented in flguve 23,

. = f"')"l' o= a4y K s = ‘“. 15 1
bpao5 = 20369 By oy = 34499 Ty gy = Ded05 (T DF)
Time | Treatment T - values of sample means compared
(h) GONTLROT C QONTROL-  plain agan~
plain agzax Zaled 244D
%0 Acropetal =154 0.5 1.80
Basipetal 0. 96 ~1.. 88 =200
35 Acropetal e 20% 0eb4 =176
Basipetal L1.38 ~LeT% w2 62 %
40 Acropetal L.98 D DAHE 085
Baglpetal 2¢55% =199 g 4T
45 Acropetal =409 L0l L70
Bagipetal Be GR¥ Le27 e QL¥
50 Aeropetal 1.62 =1e6% ~Fe bl X
Bagipetal 0464 -l 40 -1 50
55 Acropetal B¢ TOR¥ 6o HOH R L.86
Bagipetal =0.08 2o TH* =24 7L
P00 Acropetal Ga 55%% Lo B¥x ~Le 5T
Basgipetal -8, 86 ~Le 837 -0.68

.




Pigure 24

sadicactivity extracted from recelving blocks and Pisum
root segments after supplying 2,4u§(~1-140) to the apice or basal

0, .
aut surface at 25°C in darkness.

(4) Control with continuous donation of the radioactive herbicide
for 60 hours.

(B) Donation of radicactive herbicide for 2% hours followed by
replacement with plain agar blocks.

(¢) Donabion of the wadioactive herbicide 25 hours followed by

replacement with unlabelled 2,4-0 blocks.
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Paired t-test for 60 hour data relating to 140 content of
root segments and recelving blocks after a continuous donstion of
1.0 i 2,4-D(-1-140) or after a change to cold 2,4~ or plain
agar blocks after 25 hours.

n=238
Samples compared t=value 88 of dirff,
between
means
Aerop control-basip control 12 TOTH** 9452.0
" " .acrop cold 2,4-D 94 95 5HK* 7419.2
Basip control-basip M " 5o 216%% 447645
Aorop control-acrop plain asar Y4 5HBHER 107461
Bagip " -basip " " 1,000 2,67%
Acrop cold 2,4-D-acrop plain agar G BLTH¥H 4568415
Basip " . whagdp f " 3.038% 438646

A
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Results of polynomial regregsion analyses:

(a) Wigure 18 - 2mm of tissue (A) adjacent to donor block of acropetal

replicates.
Sounce br 88
lineax 1 183763%,84
gquadratic 1 1209632,11
residual 10 9860724 41
tobal 12 10033338 37

¥ = 55052 = 0,072x

Time L3D from calc. ¥y
() fitted

line
10 ———Fe0v3 48345
35 75043 106448
55 T88e4 884,45

NS r
7837633484 79448
120963%2,11 12,27
9860724
obsexrv, ¥y diff. 81g.
TLTe5 23440 -
1737,2 67204 -
55642 54843 -

(b) Tigure 18 - second 2mm of tissue (B) of acropetal replicates.

Source D1 58
linear 1 2319847458
quadratic 1 431267477
regidual 10 193816499
total 12 2944932434

¥ = 31.99% = OsdBx

Time LSD from calce ¥
(h) . fitted line
30 33441 57443
35 33246 59540
25 34945 46440

M3

ey

2319847458

43126777
19381469

ohserved v

¥y
e

119469

22425

58549
885.7
30Bs 1

18843 -
290.7 =
155.9 -~




(o)

source
Linear
Hesidual
Total

¥y = %.03x

Time

().

25
45
60

(d)

Source

Linear
Quadratic
Cubic
itegidual
Total

¥y = 100,98x = 3.42xr

No analysis available to test LSD fwom

F

1
1l
iz

LD from

fitted line

4627
48415
50420

of acropetal replicales.

Iigure 18 - 2mm of tidisue in contact with receiving block (F)

§

88 M3 i

149529,18 149529,.,18 35163

4681.87 425462
154211.05
calc.‘y observed y aiff. sige.
75.8 75.6 002 -
13645 129.1 Ted -
182,0 189.6 7.6 -

replicales.
1 325T7847.85
1 15684504 T
1 446861.57
9 139491459
12 5412651.74
2 + O.O§x3

M3
3257847485
15684304 71.

446861457
15499.06

regredsion curve.

Tigure 18 = 2mm of %issue (A) adjacent to donor blocks of bhasipetal

I

210420
101.19
28.83




(e) Pigure 18 - 2mm of tissue (') in contact with receiving block

of bagipetal wreplicates.

source LN 88 M3 I
Lineax 1 1349428 1349.28 10.05

Resildual 11 1476430 L3421

Total 12 2825.58

¥y = 0.288x%

ime L3D from calc. ¥y ohserved y diff,

(hy fitted line o
0 25458 0.28 5«00 4472
30 26,19 8.64 4430 4 34
60 28418 17.28 9.00 8.28

£} Tigure 21 -~ plain agar replacement blocks - ACROPETAT,
( & B

pouree DF 123 M5 )
Linear 1 934549496 934549496 267463
Quadratic 1 164949442 164949, 42 47 24
Cubic 1 103955471 103935, 71 29,76
Residual, 4 13967493 349149

Total T 1217403.02

Y = 94493% ~ 5.61x° + 0,09x

Ho analysis available {to test LSD from fitted regression curve.

80




(g) Figure 21 - plain agar replacement

blocks - BASIPETAL

Source i) 88 ] E
Linear 1 21079614 46 2107961.46 482455
Quadratic 1 276258.81\ 276258,8L 635424
Cubic 1 57538.85 57538485 13.17
Resildual 4 747357 43684359

Potal 7 2459832, 71

T = 97482% - 4oTAX" + 0.07x”
No analysis avallable to test LSD Lfrom fitted curve,

(h) Tigure 22 - unlabelled 2,4=D veplacement blocks - ACROPELAL

(1)

BOULCE 2E 88 V=2 E
Linear 1 1039468. 7L 1039466, T1 279453
Quadratic 1 82873430,  B2873.30 22,27
Cubic 1 92244417 92244417 24479
Residual 4 1488505 5721 .26

Total 7 1229471.23

¥ = 84.99% « 5.07x° + 0.09%°
Vo analysis to test L8D from fitted curve.

Pigure 22 - unlabelled 2,4-D replacement blocks - BASIPETAL

Source

Lineaxr
Quadratic
Cubic
Residual
Total

OE

N

7

.
89

ovimptars

2935096, 01
14575757
55498454
19790.11
3156L42.0%

2 3
y = 920023‘. b 40503: + 0-073{

No analysis available to test LSD from fitted curve.

81

Js)

2935096401

145757437

55498454
4947 53

I

D93+24
29446
11.21



(3) rigure

Source

Linear
Quadratic
Regidual
Potal

25 -

12

¥ o= =2.35% + 0,40x2

Time

LSD from

(). fitted line

40
60

(k) 1igure 2% - control receiving blocks = BASIPRIAL (A)

167,0
191.5

44932014 53 44935201453
386947493 386947493
49775428 497733
4929922475
calc. ¥ obgerved y
55448 67849
131.8.9 1378.9

control receiving blocks - ACROPEYLAL (A)

ey

902473
174

diffc Sigu

Source b 88 W3
linear i 21176.68 21176.68
Regidual 11 1305.94 118.72
Total 12 22482,62
y = 1-14}{
Time LSD from calce ¥ obsexrved y
(n) fitted curve
35 2449 %949 5548
45 2544 5hed 7643

82

124.1 -
60,0 o

iy
2

178437

diff. sig.

15.9 -
2449 -




(1) figuve 24 ~ ACLOPELAL CONIWOL - radicactivity in segments + veceivers.

Souxge I 515 s n
Linear 81343857.41 813473857441 243496
Quadratic 30734094 44 307340944 9v22
Residual 10 3334571666 33343717

Total. 1z 87751638, 52

YV o= 124.24% = l.l4x2

Time Lsh from calc. ¥y ohserved y aifs, sig.
() fitted line .
35 L5778 294844 423141 1282, 7 -
60 1567.9 3%39.8 397444 63446 -

(m) figure 24 - BASIPETAL CONIWOL - radiocactvity in segments and receiverps

Linear 1 95085754 40 9508%75. 40 411.74
Quadratic 1 4744429, 38 ATA4429438 205445
Cubic 1 1246279.87 124627987 54..00
Residual 9 207839, 70 23093, 30

Total 12 15706924, 3%

. 2 3
v = 17Ll.82x = 5.77x + 0.05x

No analysis available to test L3D from fitted curve.

g0 495 (5 %) 10.04 (R #2104 (0.Tj XK

DR = degrees of freedonm LS = least significant difference

58 = sum of squares cale = calculated

I3 = mean square diff = difference

" = variance ratlo sig = indication of significance from

fitted line.




DEPMHOENCE O 2, AwD FOVEEIRY O WHE JMIWTABOLISI OF il ROOY SEGHLNTS

In order to differentiate betbween two posgsible mechanisms of
treanslosation ie. diffusion or an energy-requliring process, geveral
invesbigations vere inltiated to define the importance of an adequate

supply of energy from the xoots.

(1) Lffect of temperslure on 2,4-1 movement

the uptake éud novement of 140 from L0 uM donor blocks of
2,4-D(-l-l4ﬂ) through subapical seguents of Plsum roots was studied at
12, 5%, 159, 25°, 35° and 40°C.  hyee~day-old seedlings were
equilibrated at the appropriate ﬁémp@rature for 30 minuwtes priowr o the
beginning of the experiments. ALL experimental manipulations were in
green light and the {ransport periods run in complete darknegs. lach
sample congisted of four rool seguents supplied with & communal donor
and recelving block and the data are the mean of three experiments

carrdied out on different doyse

Upteke of the herbicide ie. the radioactive content of the root
segments and receiving blocks, asg egtimated by scintillation counting of
ethanolic extracts, was monitowred at fiveehourly intervals for 60 hours.
“he data for cech temperature are presented in figuve 285, The level of
uptoke by the acropetal trealments increased throughout the experiments
at 250 and 3506 except for decreases after 40 hours and 3%-45 houwrs
regpectively. At lo, 5O and 1500, g, phage of uptake over the initisal

10=15 hours was followed by little further increase. Increasing the

temperature from 1°-5°¢ had little effect on the upbake of “%¢ by the
basal ends of the segmenits. A further increase from 50-1500 resulted

in a 21=42% incwease in uptake during the experiment, but the 1%
uptake excecded that a$l5° by 91 dpm ab the 35 hour sampling period.
Kaising the tempexeture from 150—250ﬁ produced a 182% and 231% increase
in upteke after transport periods of 30 and 60 hours respectively. The
corresponding increases over the range 250-3500 wers lOB% and 1%., bul
the latter value was probably distorted by the [luctuating nature of the
date. '
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The main period of upbake into the aplcal ends of the segments
could be detected over the initial 30 hours of the experiment depending
on temperature. The effect of a stepwise elevation of temperalure
over the range 50»3500 wag to increase the upiake by l.89, 1.39 and 1.3%5%
vimes al each step , after a transport period of 20 hours. Incressing
the Gemperature from 50~150 and lEG—ZSOG increased the uptake by factorns
of only 1.08 and 1,06, following a 60 hour period. An increase {rom

TS R P .
Zb‘wjﬁcu resulted in & slight decrease over the same paeriod.

Uptake at 4000 reached a maxdmum of 1300 dpm afbter 15 hourg in
theacropetal treatments but declined to 904 dpm after 30 hours (Lfigure 25).
he bagipetal rveplicates exhibited a maximum after 5 hours before

decpeasing to 400 dpm after 30 hours.

14

and receiving blocks, fLollowing a 60 hour basal or apical donation of

It is apparent from figure 25 that the "¢ content of the segments
the herbicide, was virbtually identical at l%, 50 and 1500. However,

the acropetal/baaipetal ratlo at 250 and 3500 vere Je.2 and 4.8, indicating
that the uptake dinto the bagal end of the segments exceeded thal into the

aplcal ends and the difference increased with incressing temperature.

The time-course for the accumuletion of wadicactivity in
receiving blocks appllied to the end of the segments opposite to the
donor blocks of 1,0 yw12,4ny(-1~14c) is shown in figure 26, lio
detectable radiocsctivity could be foupd in the peceiving blocks of the
acropetal or basipetnl repllcates after a 60 hour experiment at 17 ox 508.
AL 1500, export into apical blocks never exceeded Y0 dpm or 30 dpm
dnto basal blocks, which represented an acrapetal/basipet&l ratio of 3.0.
A massive increase in the expression of the acropetal polarity was recorded
atl 25°U when the ratio was 206.4 and a similar ratio at 3500 represented
an accumilation of over 1400 dpm in the acropetal replicates and 5% dpm
in the basipetel replicates alter an experimental period of 60 hours.
The ratio of 2.6 calculated from the wreceiving block daia for 4000 msh
be viewed with caubtion until the precise effect of segment death in

relation to {ranglocation has heen quantitised.

B2




An agsessment of the velocity of 140 movement through the
segments was baged upon the megression Llines (see table 17) fitted to the
receiving block data presented in figure 20. rnowledge of segment
length and the timetaken for the initial detection of wadiocsctivity in
the receiving blocks enabled the velocity to be caleulated (figure 274).
A maxinum velocity of 2.0 mm hﬂi was recorded for the 14@ moving tovards

the zoot tip at 4000, but this must be regarded with cauvtion gince root

segments became flaccid at this lemperaturc. Similarly, the velocity
of 1.66 mu pt in the basipetel replicates must be suspect. ‘The maximun

velocity of wadioactivity awsy fwom the root tip cccurred when the
temperature was 2500 but declined with a 1OOC increase in temperature.
Transport ab 5500 resulted 1y a velocity of 0.8 mm h'l in 014 ROVING

towards the root bip.

The flux of radlosctivity ie. the quantity moving/unit time,
was calculated from the gradient of the fitied regression lines in
figure 26. In genexel, the flux increased as the lenperature lncreased
to give a maximum of 2% dpm h’l at 350G in the acropetal wreplicates and
4 dpm n~l et 40°% in the basipetal weplicates (figuwe 271).

The loss of 140 from basally applied donor blocks was studied
al each tempersture (figore 28) and vas found 4o be 5.1, 4el, 9e9, 2%.6,
65,2 and 49«6% of the original 140 content after transport period of 30
hours at 10, 5”, 150, 250, 350 or 40°C, Over the range from 10«5506
the losues were 1065, 17«1, 20v2, 48.2 and 62,2, respectively aftexr
transport periods of 60 hours in which the donor blocks were applled to the
basal ends of the segments. Following apicel donatblon fox %0 hours the
losses, over the range 10~40°0, were 242, 0, 2l.1, 8.5, 18,1 and 25.%%
of the original donor supply. After 60 hours the losses were 1l.1, 4.2,
19,7, 171 and22.5%-over the range 10—3500. Thus +the 140 loss from
the donor blocks applied to the basal ends of the Piswa root segments
exceeded that from the apical blocks by 4 times at 5°C and by 2.8 times

O 0, N . L0 . )
at 25 and 55OL, whilst the losses at 1° ana 1DOU vere almost the same.

It is clear that the loss of radioactivity from donor blocis,
the radicactive content of recelving blocks plus segments and the 140
content of the receiving blocks of the basipetal replicabes, at
temperatures of 10-3500, vere closely similar to the 10—1500 datao!l the
acropetal replicates, The acropetal replicales exhibited a greater
regponse to temperature increase over the range 15~3500 than basipetbal
replicates.

et ol -




FIGU.iE 25

PTime-course of the uptake of radioactivity through the
apical and basal ends of Pisum root gegments supplied with 1.0 il
agﬁmﬁ(ﬂlﬁxic) over a range of temperatures Lronm 1° 0 4006.
Batea are the mean of three experiments carrelied cut on diiffevent

ocenalons.
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PLGUTe 26

14

Time=-conrse for the 70 content of recelving blocks applied
to the apical ox bagal ends of Pisum root segments supplied with 1.0
L Egﬂmb(mlmiéo), over a range of teuperatures from 1%-40°..

vhe data are the mean ol thres experiments carried oul on different

14 ;
G oollected from

days, on each of which every point was the total
four meplicate segments by a comunal wvecelving blook.

botied lines indicate filted vegression lines.

80




G i § i ¥ i ¥ i q i 7 R
e Mou:n.
LINES OF BEST FIT: ¢
T 350 ¥ = 25.12x = 287.20 y
25 ¥ = 11.86x - 139.55
0= 15" y = 1.55% - 19.32
120 5’,:—_,- :.: 52 y = O.UbX - 0'89
A e 407 y = 8.87x - 45,90
800
Vd
/ .
- r'd
V4
Ve
V4
L00 v
Ve
- 4 ®
= d W49 2
s |- W -
- ///.,///v, o/.
E-: _ /,—J/:/ ./ 150 .M-o"“"’____'_:_"—‘é'ar
——— . - . —— —.:’” -
?-: 0 YIS el e s = 04(-:=:":~:‘-:~—-—‘-ro='—-=—="_;;-‘£ﬂ'—_‘ . . I—“""‘_.""'
— I ! ) ! 3 3 l i 2 _I 3 l
[ o ]
& - S ™
= by 1 10 LINES OF BEST FIT:
= 1,0 —==
o 400 y = 3.56x - 20.50
550 y = 007‘33{ - 10-07
1) 250 % = 0.55x - 4.34 -
157 y = 0.36x - 4.95
Lo
by
0 e
i




PIGUsS 27

{A) “he velocity of the radioactivity passing through Pisum root segments
supplied wilth an apical or bassl donation of l-O’pﬂ‘2,4mB(nlel4G)
over a range of temperabures from 1° o 4000. bata are from

the mean of three experiments carried out on different days with each

aample consisting of four xvoot segmentd supplied with & communal donor

and wvecelving block.

(B) whe flux of redioactiviiy passing through Pisum voot segments
following the donation of 1.0 mi 2,4,y(m1-14g) 4o the apical owx
basal ends, over a wenge of temperatures from 1% 4o 40030 The

data are taken from the mean of three experiments (as above).

~Ba.
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temperatures from ZQ~4OOC, the data ave the mean of three
exporiments carried out on different ovccasions, on each of which
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every point was the result of ~ ¢ upbake by sets of four replicate
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TABLE 17

- . : . .y A
Linear regressions of data presented in figure 26, for the L ¢ content
of receiving blocks at 5°, 15°, 25°, 35° ana 40%,

(a) _agsopmuan 500

sSouxeo E 88 iz} x
Linear 1 11.42 1l.4%2 BeTd
sesidual 11 %54 58 3.05

Fotal 12 45401

S8 of slope on 1L DF = 2.5972
% =30 ¥ = 0.61

Intercept of regression line on x-axis = 2%h, therefore, velocity = O.43%mn n™!

9,000 = 19469

b = 0,04, therefore flux = 0,05 dpm h™%.

(b)  AguopEEAL 15°¢

| HSowree AR 28 i [

l Linear 1 10917.4% 10917443 46407
hegidual 11 2606486 256699
Total 12 135244 31
1M ) 1] HA P i =3 J . 54
58 of slope on 11 ¥ = Q.25 301001 19.069

X = 30 ¥ o= 27415
Intercept of regression line on x-axis = 15 houvs, thervefore,
veloeity = 0.67 mm pt

b = 1.5%, therefore, flux = l.%5 donm h"l

o




(¢) ACHOPERAL 25°¢

Linear 1 6402%8, 40 6402384 40 T74%6
Hesidual i1 91034496 8275490
Total iz T512'1%4 %6

R 2} e’ - . -"- = R 2 .{.{’ = 4 « )

sl of slope gn 11 n: L. 35 04001 19.69

X = 50 ¥y = 216,51

Intevcept of regression line on x-axis = 13 hours, therefore,

velooity = 0477 mm n~t

b = 11l.86, therefore, flux = Lll.86 dpn nt

(a)  acnorizar 35°¢
source i ghiA] Bie] ¥
Linear 1 287111552 28T1115.52 59478
tesidual 11 528269444 480244 49
Total 12 3509%84, 16

Ot . - = B .25 i . R

Sl of slope Be25 JO.OOL = 19469

% = 30 ¥ = 46644

Intercept of wegression line on x-axis = 12 hours, therefore,

velocity = 0.80 mm nt

b= 25,12, therefore, flux = 25,12 dpm'h-l

22,



(e) Acnowsral, 40°¢

Source b
Dineaxw 1
Hesidual 5
Yotal 6

S5 of slope on B D = Le%9

%= 15 ¥ o= 872

Intercept of regression line on x-axis =

velocity = 2,0 mm nt

4

AT
)

fn

i

3¢

L5082 70
6762476
618456 46

b = 8,87, thevefore, flux = 8.87 dpm pt

(£) BASIPEIAL _15°C
source o
Iilnear 1
Regldual 1l
Total 12

58

P

604. 90
56722
972412

ST of slppe on 11 DE = 8,567

H3 &
95082, 70 40,72
1352455
o TRY.
®y. 001 47418

5 hours, therefore,

g Iy
60490 18412
35458
¥o.001 = 19-09

Interceplt of regression line on xeaxis = 12.5h, therefore,

X = 30 7 = 5,98
velotity = 0.80 mm h"l
b = 0.%36, therefore,

flux

= 0,36 dpm h~

2.,
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(8) BASIPILAY, 25 C

Source bl 85 1 v
Linear L 1358.28 1%58,.28 6o 04
gealdual 11 244479 2225

Total 12 1603.07

¥

58 of slope on 11 DF = 6,99
® o= 50 ¥ o= L2.05%

Intercept of regression line on xz-axis = Y hours, therafore
1

¥o,001 = 19-69

veloeity = lell mm h™
b = 0.5%, therefore, flux = 0.55 dpm n

(H) imsipetel 35°C

dourae by 85 i) ®
Linear 1 2759731 27574 51 12.17
Regidual 11 2491..8% 22645%

Total 12 5249414

T . - ) N = . S

Bl of slope on 11 DY D422 10.001 19.69

X = 30 ¥ o= L5428

Intercept of regression line on xwaxis = 1Z.5 howrs, therelore,

velocity = 0.80 mn =t

b= 0,78, therefore, flux = 0,78 dpm 11"1



(i)  masTPEvAL 40%C

Iinesr 1 B808Y. %% 8889. 33 1B 7Y
tegidual 5 2565, 77 473615

Total 6 11255.,10

ih of slope Of 5 DIt = 0.82 “0.001 = 47.18

% o= L9 v = 32,90

Intercept of regression line on x-axis = 0 hours, thervefore,

velocity = 1.66 mm pt

b = 3,56, therefore, flux = 3.50 dpm h")’

?G%



(ii) Iffect of anserobic conditions and a metabolic inhilitox on

244=1) tranaporti.

In order to differentiate hetween an acltive or a passive
movement of 2,4-D through Pisum root segments, the effect of wreducing

the efficlency of energy-yielding processes was investigated.

dxperiments were carried oub either in an anseroblc envirommpent
of pure, humidified, oxygen~free, nitrogen gas (page 24 end page 28), to
prevent serobic metabolism of the segments, or in air as a contbrol.
Sodiun fluoride (Nal'), a metabolic inhibitor, was incorporated into
1.0 uii donor blocks of 2,4mu(-l~l4ﬂ) and/or plain agar receiving blocks
to provide a working concentrstion of 2ml NaF., The data for each

sampling interval, of %, 20 and 30 hours, were analysed using a onemway

analysis of variance. wxperiments were carried out twlce on different
occagions using two weplicale samples for each treatment. Mach sample

consisted of four root segments supplied with commnunal donor and receiving

bloocks. he treatments analysed weres

(L) Adr control

(2) Adr + Nai applied in receiving block
(3) Adr+ M w * donor bloek

(4) aip+ "
(5) W, control

" donor and receiving block

N

(6) W, + Ho¥ applied in receiving block

2
n gy« " " " donor block
(8) U i " donor and receiving block
uxperiments were caryied out at 2500 in darkness. Detalils of the analysis

of wvariance are presented in table 18,

Histograms vepregenting the levels of radicactivity in the
receiving blocks after the donation of 2,4~D(-l~140) for 20 and 30 hours
can be found in figure 29. Little radivactivity was present in
apleal or basal blocks after a transport peried of 5 hours due io the
slow xate of 14} movemente A 9% and 6T% reduction in 140 content of
apically applied blocks in experiments 1 and 2 respectively, following

a 350 hour exposure to mz, wad significantly diffevent from the air

control at the 0.1% level of probability (figure 29b, treatments 1, 5).
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N2 in associgtion with Haf in the donor and receiving blocks gave a
mean reduction of 9%.8% (¥¢%) after 20 hours and T7.5% (¥#%) after

30 hours (figurves 29a,b, treatments 4,8). Incorgoration of the
inhibitor in the donor block only yroduced no significant difference
between the air and nitrogen treatments after 20 hours {figure 29a,
treatments 3,7), bubt produced a 67.1% decrease in apical block content
after 30 hours (figure 29b, treatuwents 357). On the othewr hand,
application of NaF in apical receiving blocks only, yielded a 1684 1%
increase in receiving block content of 46 after a 20 hour exposure to
nitrogen ( figure 29a, treatments 2,5), whilst after 30 hours no
slgnificant difference could be detected (figure 29b, treatments 2,0).

The data for 30 hour transport periods in alr show that dfal
in the donor and wecelving bloeka stimilated the level of 140 in the
receiving blocks (figure 29b, treatments L,5,4), whilset ity presence
in receiving blocks only produced a decreased block content (figure 29b,
treatments 1,2). Bimilaxdy, air/maﬁ in receiving + donow blooks
produced a )04.2% increase (*xx? in receiviung block content of G aiter
a 20 hour transport period (figure 29a, treatments L,A). ¥o consistent
gffect was detected on application of the compound under anoxic
conditions (figures 29a,b, treatments 5,6,7,8).

The level of wadloactivity in receiving blocks applied to the
basal end of Pisum root segments was not affected by a 30 hour exposure
to adr op N (figure 29d, traatments 1,%9). Significent increases
(*%%) in 4@ wvere detected after applying Nal’ in donor + receiving blocks
for 30 hours in air or nitrogen (figure 29d, treatments 1,4 and 2,8).

A T9e2% decresse in receiving block radiocactivity was vecorded after a
transport period of 30 hours with the I, /mar in recelving block treatment
{figure 294, treatments 2,6). The remaining treatments produced no
slgnificant effect.

Dxtraction of radioactivity from the root segments and associated
receiving blocks revealed that neither snserobic conditions nor Naf had
s significant efflect on the total upteke of L in ‘the basipetal replicates
at any time (figure %1), o@r in the acropetal replicates after 5 or 20 hours.
After 30 hours in the scropetal veplicates, however, ‘the ME/NaF in donowx
e Nz/NaF in donor + weceiving block treatments produced 50% and 47%
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reductions respectively (figuwre 306, breatments 3,7 and 4,8). These
corresponded to 67% and 774 reductions in receiving block content in
regponse to the same treatments. A B0y inerease in the level of l40 on
application of HaF in the donor block was significant ai the 0.1y level
of probability (figure %0c, itreatments Ly3). The remaining treabments
produced no significant change in the radioactive content of the semments

and receiving hlocks.

These data indicate that inhibition of M"C transport imposed
by anoxic condilions may be antagonised by a promotory efifect of Hal

on the transport system.
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PIGU: 29

Hadioactivity in receiving blocks applied either to the
aplcal or the basal end of Pigum woot segnents supplied with 1.0 il
2,4mﬁ(-1—146} for 20 or 30 hours at 2BQC in darkness. The
experiment was carriced oul on Two different occasions ueing two
replicate sauples /treatment. Bach sample consisted of four xoot

sepgments supplied with communsl donor and receiving blocks.

1 = air sontrol

2 = air + Half' in recelving block

3w ogdip + P " donor hlock

4 = pir + " B4 recelving blocsk
B iy, control

6 o= JP 4+ Had in neceiving Dblock

T =iy + " " donox block

8 = ig R " " 4 receiving block
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replicates supplied with

Radloactivity in receiving blocks + xoot segments of acropetal

1.0 U4 2,4wD(m1m14C) for

5, 20 or 30 hours al

0 ; . . 4o
2570 in darkness. The experiment was carcied out on two different

deys using two replicate

sample consisted of four

and,

receiving blocks.

air contuiol
air 4+ Had in receiving block

atip + ¥ " donor block

aic e 0w + receiving block

ae CONTROL

+ Hdef dn recedving block

32 + " " donor block
L? + o onn 4 reselviag block

L300

sumples/ treatment on each occasion. Jaoh

root segments supplied with cowrmnal conor
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Yigure 51

sadiosctivity in receiving blocks 4+ {Yissue of basipetal
. . . . 1/ . . v 3
replicates supplied with 1.0 nl 2 ghmli{ wle 19) for 5y 20 o 30 hours

o , , .
¢ in darkness. fhe experiment was careied oubt on two

at 2h
different days using two xeplicate aamples/tzeatment' on each cccasion.
Sach semple consisted of four root gegments supplied with commnal

donor and recelving blocks.

1 = gir conitrol
2 = glr 4+ Nai' in receiving block
3w oair e PY donor block
A o= oaip 4+ oM ¥ 4 pecelving block
5 = ﬂg control
G w= %p + Hay in receiving block
T o= Eg 4 H Y donor blogk
8 = NQ Aoonon "o+ pecelving block
l
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TABLE 18

Anplysis of variance

= 5625 on 24 IF = 3,745

Fo.001 9,001

(i) _Acropetsl-~20h veceiving block conbent

~HOUree DI 88 My
Between groups T 51540 45,00
Within groups 24 679 ‘ 248%
Total 31 582,09
B = 1.2 L8D = 4449

(41) Acropetal-30h receiving block content

source R 24 iz}
Between groups 7 277556 50 3962418
within groups 24 926410 38459
fotal 31, 28661.40
B = e 39 B = 16444
(iii) Basipetale’0h receiving block content
Souree R 23 i3]
Between groups 't 140L.70 200, 20
within groups 24 3964 40 16451
yoval 4L 1798410

bl

15,90

102.68

kR
b

1241

(iv) Jeropetsl-sSh 140 content of tissue + yecelving block

Bowuree LI 828 B,
Between groups 7 151592,20 21627, 46
Within groups 24 174124430 T255. 17
rotal X 3255106 30
Gl o= 6008 15D = 225,45

202

i

2,98 15D



¢ content of btissue 4 receliving block

. 1
\v)  Acropetal-20h A
Houree K
Between groups 1
Within groups 24
Total 51

gl 1,
1106568, 20 AB10TOL
252021550

LD = 568,060

nl

1

438 HSD

(vi) Acromnetlal=30h Mo sontent of tissue 4 rvecelving hlock

dource LI
Betbween groups '
Within groups 24
Total 31

SE = 580 7

8Y H
272907240 589867, 50
1695974 50 66994 90
2894669490

L3N0 = 219.83

¥
¥

560 5

I
L

e

Qe 45

(vii) Bagipetal=5h j“A‘G content of tissue + receiving block
Between groups T TT05Te'10 11008420

Within groups 24 102196, 50 29258,.20

Total 3L 11925400

§I5 = 121.0

LL{D = 45}- 31

(viii) Begipetal=20h
Hsource B
Between groups 7
Within groups 24
Total 31

Sl = 45048

i
er

Osl w50

140 content of tbtissue 4 recelvins bleck
1365144 40 30688, 1.0
2844756,1.0 4063934 T
3581270, 50

LED = 168,82

203,




: et - L4 . s
(ix) Bagipetal-30h ~"¢ content of tissme + receiving block

souree, DF, B V5] i
Letween growps 7 30749224 30 525604 50 250 KED
within groups 24 H00B 57 H0 20868, 20

Potal AL 86875980

B = L0241 LN = 382, %6

D wesoee degrees of [reedom

G5 secees SUM OFf sguares

HS seesee mean square

¥ eewsee vaviance ratio

BE seeses standard error

5D aseee leant signiflcant difilerence

H30 asees no significant difference
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A further test of whether the acropetal polarity of 2,4-il(-lnmﬂ)
movenent was a product of a metabolically vegulated process ox merely
due to the physicel properties of the fmustum geometry was carveied out
using root segments killed by steam treatment.

1.0 nM labelled herbicide was supplied to the apical ox basal
ends of the dead seg ments for a pewiod of 20 hours at 25° x'loﬁ in white
light. Segments were tucgid at the beginniog of the experiment hut
did not zive a red colouration in a tetrva~azolium chloride test, -vhich
indicated that the segments were dead. By the end of the experiment,
the segments wewve flaccid and collepsed slightly uwnder the weight of'the
receiving blooks. The date age presented in figure 32 and table 19.

itadloactividy exirvacted fwrom xeceiving blocks applied to ﬁhe
apical end of the living segmenta of Pigum roots uas 92% lower than that
in blocks applied to dead gegments. A value of BY% was obtained
Following application of the blocks to the basal end of the sepments.
The observation that the dead segmenis still maintained a highly significant
acropetal polarity of 146 movement was of pavemount impoxtance. In fact,
the ratio of acropetel to basipetel movemsnt in the contrel ond. dead
seguents wop approximately 1.% and 2.1 respectively. This indicabted that
the accumulation in the apiecal receiving blocks was more then twice that
in the basal blockao.

Forther examination of the data showed that the dead segments
contained lover levels of wadicactivity than the living segments following
a domation of the cavboxyl labelled compound, Segments recelving a bagel
application achieved only 64% of the 146 content of the living sogmenis

and the value after apical donation was T0%.

It is apparent that the overall uptele of radivactiviity from the
donoy blocks was decreased by killing the seg ments, whilst the flux
thyough the tigssue was inoreased. The important discovery was the fach
that {the dead segments wewe capable of supporting o stvonger acropetal
polavity of 14ﬂ transport than the living segments of the control.
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ProUss 52

(a) Redioactivity extracted from apical end basel receiving blocks
appligd to living (conirol) or dead Pigum root seguents supplied

With 1.0 ui 2,4=D(=1-24) at 25°C in white light.
are the mean of eight replicntes,

segnentse

(b) Radiometivity extracted from Pisum root segments,
supplied with redioasctive 2,4-D at 25°C in vhite lighb.
are the mean . elght independent meplicates.

TABLE 19

Statistical analysis of the dete presented in figure 52.

The data
ench. conslating ol fowvw root

living or dead,

The data

E 30 ‘ 2 2-?6 k = '."‘. e g » o~
by, o5 OB seven degrees of freadom = 2:365 4 .. = 3.4y b 001 =9+405

Sample means compaved

t=values

tecelving biocks
Agrop-control dead

Bagip- ¥ n
Acrop-controle--baslp control
Acxrop dead~-hasip deoad
Tigaue

Agrop-control dead

Bagip- ¥ n

-~ Aerop controle-bagip control
Acrop dead~-bagip dead

T 12464

L wde0
2,29
o 457
o 385
x deB4
o 4e16
x 4edB
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(iv)

Entereﬁt.in the movement of the radivsctive herbicide through
Pisum woot segments over relatively loag periods of time (60hours)
necessitated a2 further investigation inio the reguirement for active
metabolism of the tissue during translocation. Since it could be
argued thal normel metabolic and translocation pathweys might become less
efficlent due-to the exhaustion of energy reserven, sucrose was added to
the agar blocks as & potential source of energy.

Suerose was incozporated into ﬁhe donoxr and not the wecelving blocks
to give a final concehbtrabtion of Q.76 or 1.5%%, g0 as to exert the same
opmotic pressures within the expew;manﬁal syatemns The donoxr block
concentration was 1.0 uM 2,4—»(-1~i§) sud the experiment was carried out on
three different occagions on a total of eight replicate samples, each
containing four root segments. As an added precaution, a further set of
controls were run, in which mannitol, & non-melobolisable substrate, was
incorporated into the donor blooks to provide an osmobic effect comparasble
to that of the sucrose. the concentrations were 0.20% and 0.80% (w/v)
rappectively. = After experimental periods of 20 and 50 hours at eﬁnﬁ the
radioactivity within the root seguends and the receliving blocks -wag
determined by scintillation comnting, .. The data are presented in figures
33,54 apd table 20.

Teeatment with donor blacks‘containing 04 T6% pucrose produced
a 388 dpm increase (¥) inthe upieke of radiocactivity through the basal
end of the segments over a 20 hour periods he corresponding mannitol
treatment was not eignificantly different from the control, indicebing
thiat the suerose eifect was moot probably not caunsed by csmotie tension.
A 411 dpm reduction (*%¥) in upteke in response to the higher concentration
of sucrose could well have been due to an osmobtic effect, since the
corregponding mannitol treatmeni was reduced similaxly. These effects
were reflected by the levels of radiosctivity within the woot segments,
bt no significant changes wewe debected in the veceiving block +4¢
content. 4 similar situation was found in the basipetal replicates
where the low sucrose concentration produsec x highly significant 4&%
inerease in uptake, whilst the mannitol treatments showed s decrease
below the level of the control (*). The bigher concentration of
sucrose, however, led to a 9% increase in uptake which, in common with
the equivalent mannitol treatment, was not significantly diffevrent fronm
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from the contxol. These Hrends in the pattern of uplake were reflected
in the segment date, whillst no significant effect on receiving block
radicactivity conld be detected.

A 27% and e 10% reductionin the uptake of radiosctivity fyom
donor blocks containing 0.76% and 1.53% sucroge respectively was detected
when 4he donation was to the basal end of the segments foxr 50 hours.
fiince the corresponding mannitol treatments gave similawe gignificand
results, the effect conld have been due to the action as an osmoticun.
Reduetions of up to 133 dpm in the receiving block content of wediocactbivity
in response to sucrosae veve not significent, whilst the 354 dpm reﬁuction
in response to mamnitol was gignificent. §In common with the 20 hour
data, svcrose increased the upteke by the basipetal replicates by 56
(*%%}, whilst the mannitol had a less mavked effect. 'the higher
concentration of mannitol did, however, give mise to the only significant
deorease in receiving block wvadioactivity.

in conclusion, sucrose appesred to have little effect on tﬁe
flux of radioacivity dato the apical or basal receiving blocks‘of the
soropetal and basipetal replicatos. Inoreased uplake of radiosotivitly
vag detected in all the basipetal veplicates, whilst an incwease in
the ecropetal treatmenis occurxed only at the lower concentration of
suerose following an experimental period off 20 hours.
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PIGURE %3

Donor blocks of 1.0 ni 2,4-‘})(-1-140) conteining the following
compounds were applied either to the apical or the bosal end of Pisum

root segmenits at 2506 in darkness foxr 20 hourss

1= 2,4-3(—1—lﬁc) only

9 o " + 04765 sucrose
3w " + Le53% "

A = i + 04407 mannitol
5 J + 04800 @

6 e i anly

7 n t o+ 0.76% guerose
8 o . + 1535 o

9 = o + 0407 mannitol
10 = " + 0s806 M

15 = aovopetal
G=10 = basipotal
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PIGURE _ 34

Donoxr blocks containing the followlng componnds, in addition
to 1.0 it 2,4—3‘)£-1~MG), wore applied either %o the apical or the
basal end of Pisum woot segmenis at 25% in darkness for 50 hourgs

1 = 2,4-0(=1~1%) only

2w “ + 0eT6% suerose
. B - 1-53‘/6 "

4 = " + 04407 mannitol
B m= " + De80% "

6= s only

T = u + 04765 sucrose
8= " 4+ Le555% "

9 = w + 0. 407% mennitol
10 = n ¥ 0,805  ©

1-5 = aoxopetal
610 = basipetal
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Paired t=tests of data presented in figures 33 and %4.
5 . 236560 = A 49¢C k . = Byl 54 Dy .
by,on = 20365 By oy = 30499 By oy = 9e405 (T DF)

TABLE 20

Time Samples compared t-values
(h) (means) Acrop Pasip
20 Leceiving blocks
control = 0.765 sucrose 0.68 0e75
u - 1a 555 " wla 6 0472
" - Qw0 monnitol wl, e 98 0,70
t - 0.80% " 0.65 1. 21
Ligsue
20 control - 0.76% sucrose -2 YDA )y GOHE
" - 1536 " £e9B¥% 0486
" w 0o 40% manuitol 0.28 AN
" - 04 80% " Be12% 0.93
20 Total uplake
control - 0.76% sucrose -2 o BRI wlfy HLXH
M e LeBEh G4a TE¥H «0eG1
" ~ Qe 40% mannitol =004 2420
" - 0.80% u Ael 3% 0.83%
50 sieceiving blocks
control ~ 0476 SUCTO 86 1.98 Lo 49
n - L5350 " Ce 70 ~Led2
1 « 0¢40% mannitol 4o GRWN -2.08
" = (480, i 5 e GOHXH Gy [ aRHH
50 control - 0.76% suerose o HLAHH wd g BT
" = L5550 n L.04 w00y Qfpietest
" = 0«40% mannitol 2e01, ~2 o 4O%
" - 0807 " Oe by =0 U6
50 Total uptake
control - 0.76% sucrose Ae 3w R
Moo~ LaS3e 1.51 ~104 L1
" = 0.40% mannitol do Liprex ~2.80%
e QuB0% M Ba b7 }e 28
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UERBICIDE CONCINTRACTON ON

In view of the well documented herbicidal properties of 2,4-D
it wag deoided to examine the movement of the ~COU0H labelled compound in
Figun root segments. floncentrations of 10,0, 1.0 and 0.1 u¥ herbicide
were employed in expeniments carried out at 2506 in darkness. The 14(}
in esch oom‘pdmnt‘ of the systen was detormined at Se-hourly intervals over
a peéciod of 60 hours and the date are the wean of three experiments
carried out on different occasionsa. '

An initiél peviod of 14’(: uptake, laéting 15«20 hours, was
rocorded in both the acyopetal onmd the basipetal veplicates at each
concentration tested. Yheveafter, the radiosctivity in the basipetal
replicates decreased steadily over the subsequent 40 howrys wien 10.0 and
L0 i 2.4»:1)(»1-14(})2 were uaed, A second phase of uptake commenced after
30 hourys when D1 2 herbicide was used and resulted in o meximum of 230 dpm
after 40 hours (Liguve 35). Maxinal 140 content of the acropetal replicates
oocunred after 20 m& 45 houws with 10.0 3, after 20 snd 5% hours with
1.0 1H snd after 15 and 45 houzs wilh 0.1 uM 2,4=n(=1-"%). It is appavent
from figure 3% that acropetal and basipetal uptakerwas virtually identical
over the initlel 25 hours of the experiment at the lower hewbicide “
coneentrations. At o concentration of 10.0 uM, however, ihe acropetal
uptake was consistently greater than the basipetel and was already 2.5 tines
greater afber the first 25 bours of the experiment. LfGer 60 houws, the
bagal uptalke exceeded the apicel dplake by 2.4, 342 and 4.6 times at
goncentrations of OQul, 1.0 and 1040 ni respectively. Table 22 revealed
the only significant (*) diffevense at 0.1 ull, but this waa pmbéhly due
o the small extent of the sampling. )

ihe radioactivity remwining in the donor blocks after each
guccessive H-~boux perdod is shown in table 23« - Losses of 209.0, 2726,5
and 2500043 dpm were recorded from O.l, le0 and L0.0 ni donor blocks
applied to the basal end of the seguents for 60 hours. In comparison,
only 60e2, 968.4 and %706.8 dpm were lost from similax blocke applied to
the basipetel wveplicates. Thig indicated that o ten~fold incirease in
concentration led to a significant proportional increase (imble 22} in
the loss of radicactivity from basally spplied donox blockse when the
blocks were applied to the aplcal end of the sesments, however, an
increage from O.l=l.0 i gave & 16 fold increase in donor-loss, whilst
on inoreagse from 1le0-10.0 uti produced only a 4-fold increase.



14% ocontent of ylain ogar recelving blocks

fisure 36 presents the
applied’to the apical ox basal ends of Pisum  »oot segments supplied with
Ouly Lo0 0r 1040 wi 2,4-D(=1s2%¢) over a poriod of 60 houxs at 25%°C in
darkness. Bach point on the groph is the mean of experiments carried
ot on three different vcossions with one sample at each time interval.
A gample consisted of four woot segments supplied with communal donor and
recelving blocks. The data are, therefore, the tésal 14& delivered
info the receiving block Lrom a set of four segmentis. 60 dpm were
detected in the apleally epplied zecelving blocks whilst no detectable
sctivity vas foung in the basally applied blkocks. Nevertheless,
a concentration of 1.0 i led to an accumiletion of 25 dpm in the blocks
applied to the basipetal replicates for 60 houvs, whilet the blaoks‘of the
14&. When
the concentration was vaised o 10.0 ull, however, the accumulation in
the apical blocks exceeded that in the basal blocks by only 8 times.
& ten=~fold dncrease in concentratbtion from O,i-~1.0 ulf resulted in & btenw
f0ld increase in the export of radiceotivity danlo the apical veceiving
blocke by the end of the expeciment.  An incvease from 1,0=10.0 nli
234=0(=1~140) gave only a turec-fold inérease in export in’ the acropebal
replicates, whereas it pwvoduced a ten~fold inerease in the basipeial
raplicatey.

acxopetal replicates contained approximately 26 limes more

Hramination of the polarity watios, that ia the accumulation
of radiosctivity in the apically applied xeceiving blocks compared with
that in the basally applied blocks, showed that the degree of polarvity
weg greatest with the 1.0 wi herbieide. A distinet rveduction in
polarity was wecorded after 40 houws with 1.0 and 10.0 ni 2,4~E(-1~14G}
(table 24). '

Yen~fold or one hundred-fold increases in hewbicide concentretion
had little effect on the overall pattemn of 14& upteke info the tissuve
ox export inio the receiving blocks. An increase in concentration did,
however, not autonmatically lead to proportional increases in uptake ox
export of madioactivity. In view of this, an alleration of the
coneentration of the herbicide led to changes in the degree of polarity
of 4% movement in the pegment aystem {table 24).
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PLGURE 85

Tine~course for the Mﬂ-—ccntent of Pigum root segments +
apsoclated wreceiving blocks (ie. total uptake) supplied with donor blooks
of 0uly 10 02 10,0 il 2,4=D(~12%0) ot 25°C in daskness.  Date ave
the mean of experimeonts carried oud on thvee dlfferent occasions using

one aample/txeatmem. Rach sample consisted of four woot sdguents
gupplied with commnal donor and receiving blocks. ' ‘
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TIGURY 36

Time~gourse for 1;;.0 content of reoelving blocks applicd to
Pigun woot soguonts supplied wiih Osl, 1.0 oz 100 ulf 2,4-p(-1-"%g)
ab 25°0 in darkness. bate are the meen of experiments carried out ON
three occasions ueing one sample/treatineit, Bach sample consisted
of fowr woot ségmea'ﬁ'ss supplied with communal donor and receiving blocka.

A = acopotel = 1040 a1 2,4-n(w1-4)
B = ecropetel - 1.0 ul ©
¢ = bogipetal «10.0 ail 1t
D = acropetal - 0.1 ull h
B = boasipetal - 1.0 nlf "

——— e
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TABLE 22

tetest for comparison of two sote of meand o shov sglatigtical
14(1:~content of Pisun

significance of 14{5»1@&3 from dononr blocks and

root segments after a trangport period of 060 houvss

n= 3

Sanple means coitpared _ t - value
ACROP _ BABIP QTR
(1) Donox block loss
0sl = 1.0 nM ~1ds GEHRR ~3.95 -
1.0 = 10.0pM -5 5% L TeG5H%s -
Gal = 10.0pi wl e 9GRS ~l4o52%%% | .
041 1 aerog«basip 247
Lour " - " 2,90
10,0 " - v 5.09%
(2) Conbent of sepments
Ol = 1.0 n 2ol w15 4ORRR
Le0 = 10.0uit ~dy 5O% il BA%
0l = 10.0n wlu BT e 2%
Oel Wil nerop-basip heAB¥
1e0 oL, W 2,19
10,0 p0 " ® 3,76

by,00p = 12941 (207) wwx
toaor © 94925 "
Yo.05 = 40305 %

_L16




TABLE 23

Radioactivity in donor blocks after supplying 0.1, 1.0 or l0.0}uM
2,4»D(-l—l40) to Pisum root segments at 25°C in darkness. The
data are the mean of three replicates, each of which consisted of

four root segments.

Time | BASAL DONOR BLOCKS (dpm) APICAL DONOR BLOCKS (dpm)

(h)
0.1 M 1.0 M | 10:0 0.1 uM 1.0 pM | 10.0 pi

0 55%.2 | 4661.1 57062. 4 55%.2 5661.1 57062.4
5 509.3 5441.6 57902.6 475.6 5435.9 57076.1
10 402.0 50%9.8 52546.2 396.0 4546.% 51821.7
15 464.0 4820, 4 43942.0 424.9 5144.1 47427.2
20 401.3 453%0.3 36214.0 410.2 47%6.5 46180.8

25 | 445.0 4560.0 | 43836.9 412.8 5191.7 5646646
30 | 424.3 4327.7 | 40968.1 438.4 5161.% | 50486.2
35 432.7 4029.0 37768.0 429.5 4426.2 51415.9
40 | 410.1 3896.4 | 37723.5 463.5 4810.9 51184.7
45 | 423.5 312%.1 36411.2 481.4 4634.1 5375%.0
50 348.5 34777 57448.2 450.3% 47011 48319.1
55 | 393.7 3452.6 | 41861.0 461.1 4480.9 53669.2
60 344.9 29%4.6 32062.1 493.0 4692.7 53295.6




Polarity ratios were calculated as follows:

TABLE 24

Ratio = radioactivity in acropetal replicates

radioactivity in basipetal replicates

Time ACROPETAL / BASIPETAL RATIO
(n) 0.1 nuM 1.0 pM 10.0 uM
Uptake | Receiver Uptake | Receiver Uptake | Receiver
5 C.6 - 1.1 - 1.1 -
10 0.9 - 1.0 - 1.6 -
15 1.2 - 1.1 2.1 1.4 5.0
20 1.0 - 1.2 12.7 2.6 6.3
25 1.1 - 1.1 13.0 2.4 4ed
30 1.7 - 1.8 12.2 3.0 6.4
35 1.7 - 2.1 12.5 3.3 5.1
40 1.3 - 2.2 2.5 3.3 3.0
45 1.9 - 2.9 21.6 4.3% 5.6
50 2.2 - 2.5 20,1 3.7 5¢4
55 2.3 - 3.7 21.9 2.9 4.8
60 2.4 - 3.2 26.7 4,6 8.1




BFFRGT o WILTWE LECHT ON EHE PRANSPORT O

The positive geotropic behaviour of roots novielly prevents them
from exposure to daylight. In ovder to souplete the chavacterisation
of the wesponge of the system to envirvounmentsl conditions (emeept hum;&mty)
the effect of vhite Light on the movement of 1.0 ui 2, 4»%(»1& G) at 25 ¢
was investigated.

The root 3e@monts weve placed either in diffuse white light

(radient flux density 104 erss cmfaseemi) or in a light-proof box bhefore
being placed in a lighl= Toom ab ?§n+lmc This engured that both '
treatments would be subjeeteﬂ to the same emblent tempervature end to any

_possible tempervature fluatuaxianb. Four replicates of sach treatment
were set up on two diffexent ovccasions, uhich gave & total of 32 root
seguents pew tre&ﬁm@nt. Yhe experimental wesultis ave pm@s@ntea‘in
figures 37,38 and table 25. o

white light treaxmmnﬁ for 20 hours resvlied in o 10% enhancement

of the wadioactlve content of the segments to whieh the herbicide had been
supplied to the basal end. The sume treatinont fox 50 houwrs gave a 17%
incressge, but neither of thase inereases proved to he statistically
gignificent.  Wevertheless, the trend towards light enhancement was
apparent in the basipetal treaiments. After 20 hours, fox example,

thé light produced a significant 20% lnoyease in 14@ content of the segments,
but 1ittle effect was notlceable after B0 houvrs. ginilar trends were
detectable in the uptake data,

Rad%oaétivity in,méceiving bloclks applied to the:apical‘ends of
the segments was weduced by 55% after light treatment for aq hounus.
whis was sipaificant at the 1e¢0% level of prababmlity, but no signiflcance
could be atiached to the 13% me&uation after @xposuru o 1ighﬁ for 50 hours.
Conversely, the 14& in basally applied blocks was inereased by 1l% after
20 hours and by & highly slgalficent A8% after 50 hours treatment.

It can be concluded that exposure of Pigun root segments to white

light had no consistent effect on the movenent of radiozctiviiy supplied as
2 ,4"‘.»("1""140 ) .
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FIGUAE 57

et

e 2 et

g

The level of radicactivity in Pisun root segnents snd neol segmentd
+ weceiving blocks (ie. total uptake) after supplying L.0 no 2,4~1’>(~2\.—M’G)
to the apicel ox basal end of the tissue in vhite light (1) ox darkness (D)
ot 256(2. Phe data ave the meen of eignd veplicotes each consimbing of fouw
segmonts gupplled with communal donow and receiving blocks.
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FIGUUE 38

Haddoactivity in recelving blecks applied to the epical or
boagal end of Pisum zoot gegments supplied with 1.0 pM 2,4-1)(-3.«-140)
for 20 or 50 hours in white light at 35§°(§. The date are the mean
of elaght replicates each consiating of four xroot segments supplied
with commnal donow and mecelving blocks.
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Stetistioal analysis of deta presented
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sources of error in the isolated--segment technigue

Throughout the progress of the experimental work reported in this
thesis, i1t becme increasingly clear that several ol the exverimental
manipulations were potential sources of artefacts. 1In aduition, certain
precautions were necessary before the data could be interpreted in a

meaningful fashion.

(1) Effect of segment shape on 2,4-D translocation

There can be 1itt}e doubt that the radicactivity from an application
of 14C~1abelled 2,4~D to Pisum root segments moves preflerentially towards
the root apex. But could this be an artefact produced excluzively by the
experimental system ? It has been suggested by wilkins and Scott (1968n)
that the frustum geometry of sub-apical root segments ie. a truncated cone,
could lead to the manifestation of a polarity of growth regulator

movement.

The influence of the area of cut surface of the segment in contact
with the donor block, on the uptake and movement of 2,4-D was checked by
the excision of segments 1l-11, 12-22, 23-33% and 34-~44mm behind the apex of
pea roots. Table 26 presents the mean of the data from 41 independent
measurements and shows that in sub-apical segments, the area of the basal
end was more than three times greater than that of the apical end. However,
the areas of the two ends became virtually identical as the segments were
excised at increassing distance from the root tip. Lt was not surprising,
thereflore, that only the sub-apical segment provea to be a true frustum,

whilst the others could be deflined adequately as cylinders.

Segments from the same four regions of the root were employed in
standard 24 hour experiments, in which the donor concentration was 1.0 pld
2,4—D(~1—l40) and the temperature 25065 Bach point on the graph in figure
39 is the mean of eight replicates, each containing four root segments.

The data were collected on three different occasions. In the first three
successive 1.0mm segments it was clear that the accumulation of 140 in the
apical receiving blocks increased significantly ag the segments were excised
at increasing distance from the root tip. Indeed, the accumulation in the

23-35mn segment blocks was more than double that in the 1-llmm segment
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receiving blocks and this was highly significant (table27 ). Little
significance could be attached to the alterations in basal receiving block

content of radiocactivity.

The ratio of the accumulation of radicactivity in the receiving blocks
appied to the acropetal and the basipetal replicates emphasised that the
basal regions of the intact root possessed a more absolute polarity of
140 movement than did the apical regions(table27 ). ior example,
acropetal transport in the sub-apical segments was lwo times greater than
the basipetal, whilst it was six times greater than the basipetal transport
in the 34-44mm segments. 1t was clear from the 23-3%mm se.ments that tne
degree of acropetal polarity did not increase linearly {ros the tip to the

base of the intact root.

On termination of the experiment, the level of radiocactivity in the
segments vas determined and the relevant data are plotted in figure39 .
Ho gignificant difference could be detected in the 146 levels in the first
three guccegsive 1.0mm segments following either apical or basal donation.
A basal donation to the 34-44mm segments led to a 140 content which was

significantly greater than that in any of the other segments (table 28).

In general, increasing distance from the root tip resulted in:
(a) a decrease in the base/apex surface arca ratio,

14

(b) an increase in the degree of acropetal polarity of ¢ movement.
(c) 1little effect on ithe segment-content of rauicactiviiy, except in tue

nost basal regions ol the root.

1t would appear wunlikely tinat the ratio ol the cut surface arcas =i
either end ol the seuments had a direct efiect upon the degree of polarity.
Nevertheless, the increase 1ln area of the apical and basal ends of segments

taken progressively from the root tip did increase the total uptake of 14C.
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LLG I 39

The radioactive content of receiving blocks and Pisum root segments
supplied with 1.0 uil 2,4-D(~l-14@ to the apical or basal ends at ZSOC
in darkness. Segmenis were excised at increasing distances from the
apex of the intact root. The data are the mean of eight replicates

carried out on two different occasions.

Fig.39a = receiving blocks
Fig.39yb

root segments

125




{dpm )

RAGICACTIVITY

6000

L0300

2000

(a)

AjB A B Al B At g
(b)

) I |

! |

Al B Al B Al B AR
T=1Tmm 12-22mm  23-33mm 3h~bhmm




The diameter and surface area of the apical and basal excised ends

of Pigum root segments taken progressively from tne apex oib intact
. . . Re SN

roots. Seedlings were grown in covered boxes at 29 C in darkness.

The data are the mean of 4l independent measurements.

Kegion of BASAL CJT SURPACH APICAL CUT SUnoAdn RATIO
root( mm) Diameter(um) | Area(mm®) Diameter(mz) | Are«(mm”)| B/A
1-11 1.04 4 0.01 0.85 0.6 + 0.01 0.28 3.03
12-22 1.18 + 0.02 1.09 1.08 + 0.02 0.92 1.18
2%-33 1.54 + 0.04 3.73 1.26 + 0.02 3.55 1.05
3444 1.68 + 0.04 3,84 1.28 + 0.02 505 1.0u




CABLY 27

¥Paired t-test of the data presented in figuve 3Y. t=values Lor t.ae
comparison of the means of the radicactive accwmlation in apical and
bagal rveceiving blocks dn the different reglong of the intact root

are tabulabed. Acropetal/basipetal vabios arc also presented.

(2) Agcxopetal

kegion of | ‘ t - values

root {mm) 1 - 11 12 - 22 2% = 3% Bh-bd)
12-22 ~Be Gl

23«33 =d s X ~La 76

34»44 “2-68* 0046 2.06

Acrop/bagip

rabios é 2.13 .25 A 3¢ 35 5410

(b) Basipetal

gdeglon of ) , .

zoot (mm) 111 12 - 22 2% m 33 34 - 44

12«22 (690

25=35 -1.02 «le69

54“44 1!49 Oo89 2005

Acxop/basip

rablos 2.1% 5¢25 He 35 GelO
b0y = 20365 by, 01 = 0499 bo.001 = 9¢405 (7 Dr)
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ML}‘; 28

N S bR

Paired t-tesbs of the data presented in ligure 39. The means of the
radioactive content of Pisum root segments excised from differvent regions ,

of the intact wool have been comparsd. Aerope%al/b&sipetal zalbios

are also presented.

(a) Acxopetal

segion of | t - values

root (mm) ;1= 1l 12 - 22 25 = 53 24 ~ 44

12«22 ~0e 57

25=5% ~led3 ~0492

54-44 =4 4O¥% =do QU =Je 03%

Acrop/ basip

ratios 1.02 153 1.07 2,82
(v) Dasivetel,

Heglon of 4~ values

root (mm) 1=11 12 = 22 25 = 3% %4 - 44

12-22 059

25=%% =~0eT5 ~Le46

5444 0T S =le 98 017

Acrop/hasip

ratios l.02 1.51 L.07 2482
tD.Q5 = 24365 o017 20499 0,001 = 20409 (7 br)




(ii) Bffect of detipnred gegments on 2,4~0 movement

The detipping of segments prior to the application of agar blocks
might have a considerable effect on the characteristics of the movement
of the herbicide through the segments of Pisum root tissue. 1t was
necessary, therefore, to determine whether the root tip would act as a

barrier to the uptake or export of radicactivity by the segments.

1.0 il 294«D(—1—14C) was supplied to intact and detivped rToot
segments in écropetal and basipetal replicates. A total of eifhl replicates
of each treatment, each containing four root segments, were set up on two
gseperate occasions, in a darkrcom at 2500. Pigurce 40 presents the nrofiles
of radioactivity along the segments and table 29 the statistical analysis

of the daia.

The 20 hour data for the acropetal replicates showed that the
presence of the root tip resulted in a 12% reduction in total uptake of
radiocactivity, even though the uptake was through the cut basal end of

14 .
10 wag found in each

the gegments, in both treatments. SBlightly less
2mm portion of the segments with intact tips and in the associated receiving
blocks, but this was not significant. A similar state of alfairs was
detected in the avropetal renlicates after 30 hours. llowever. this was

not the case for the basipetal replicates, where the presence ol the rout
tip, far from being a barrvier, actually incroased the tetal uniage of 140

by 305 after 30 hours. This wag siyniticant at tuc Ul level of

Lag,

probability, in common with the 43. increass in rnoceiving blooek
A highly signilicant increase in the conitent of the [irst three succesgive
2mm pieces of the root tip. wsimilar trends detectable alter only 20 hours

proved to be insignificant in a t-test analysis.

There was no foundation for the proposal that Lthe tip of Pisun

root segmnents might act as a barrier during the uptake, or export of

radioactivity derived from labelled-2,4-D. In fact, the tip was capable

of enhancing the level of uvntake.
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PICURE 40

The effect of detipped segments on the uptake, distribution and
accumulation of radiosctivity in the tissue and receiving blocks
of a 2,4;-5.)/;3;;3.&‘\;14 root segment systen. The donor concentration was
14 N . - v op0n s
1o0 ul 2,4=D(=1-""0) and the experiment was carried out at 2% ¢ in
darknegs, Bata are the mean of a tolal of eight wrepicates, each
conglsting of four root segments vesling on commnal donor ox

recelving blocks.

WABLE 90
SABLE 29

mer:

Thie Samples compared t ~ values
(h) acrop basip
20 Ixeised tip - section A 1.51 ~La 47
- dnbeeb Bip o 0e53 1,70
" ¢ 0.58 ~(e26
i D 1e25 080
L i 0.61 0,88
1 ¥ 0aT1 1.%
recelver 0.72 () 8
upntake 1.00 ={}a 85
30 Kxodsed tin - section & 0458 2483 #*
- infact tip " B =048% b, AN
" ¢ 1el9 w3 05 %
" D 0,65 ~0.89
vooB =0, 29 =035
" r 0465 0
regeiver (e 59 o dfg K
tissue Oeld wl} o GO
) D AL . = B AU : = Y4 { i
boeon = 20965 bo,01 = 20499 by, 001 = Jea05 (T DF)
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(iii) ¥ifect of segment inversion on 2,4-D movement

The segment systems described previously, were set up either with
apical or basal ends of the root segments in contact with a lower donox
block, to minimise leakage of radiocactivity in response {o gravity. In so
doing, the acropetal treatments were arranged with root tips vertically
upwards, whilst the basipetal treatments were in a more physiologically-

normal orientation.

The effect of segment orientation on the movement of the herbicide
was investigated by supplying 1.0 ul 2,4~D(~1-l40) to four acro-otal and
four basipetal replicates, in which the rool apices were unwari., and a
second set in which the apices were downwards ie. inverted thro:-h 180°,
The experiment was carried out on two occagions and the data presented in
figuretld? and table 30 are the mean of eight replicates, each ol which

consisted of four root segments.

Donation of the radiocactive herbicide to the basal end of the
"{ip-upward" segments resulted in a 27% decrease of 140 in receiving blocks
after 20 hours and an 18% decrease alter 50 hours. Similarly, donation to
the apical end of the "tip-upward" segments gave a 41 decrease after
20 hours and a 79> decrease after 50 hours. The data were not significantly

different from the "tip-downwsrd" controls.

Radioactivity within the root seguents was decreasel sismilicantly
when the root tip wasg directed downwards. Al'ter 20 hours, ror examnle, the
"fip~downwards" segments ol the acronetal rerlicates contained 4.2dnn les.
than the corregponding "tip-upwards" germents. 7The only excevtion was ine
20 hour basipetal treatmeants, in which the "{tip-~-downwards" segments contained,

on average, 419dpm less than the corresponding treatments.

In the light of these data, it would be reasonable to propose that
in all probability, inversion of the segments produced no alteration in
their ability to move the herbicide ( or metabolic products formed from
the herbicide)° The 140 content of the gegments did depend upon the

orientation of the segments.
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FLGiaE 41

The radiocactive content of tissue and 1eceiving blocks following
the application of 1.0 il 2,4—D(-l—l40) to the apical or basi.l
ends of Pisum root segments, at 2500 in darkness {for 20 hours.
The effect of inversion of the segments through 180° was studi=d
bata are the mean of eight replicates carried out on two diiie. ¢t

occasions.
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PLOUME g2

Radiocactivity in tissue and receiving blocks following the

. . o .. 1 , .

application of 1.0 it 2,4-D(-1- 40) to the apical or basal ends
Fad 3ot O-\ 4 z T

of Yiswn root segmenis, at 25 C in darkness for 50 hours. The

effect of segment inversion was studied =and the data are the

mean of eipnt replicates carrieu out on two different occasions.
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PABLE 30

achar

Paired t-teste of the data presented in figures 41 and 42,

Yo.05 = #0500

Sh.01 = 0499

by.001 = 00405 (7 b

Time Samples compared tevalues

(h) Acxop Bagip

20 ltecelver tip up - tip down =1¢58 0 H2
Tissue " " e 37% a4

50 Leceiver Gdlp up -~ tip down =1+ 39 06%2
Pissue "o I 2edH¥ ~0e62
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(iv) Correction of data to give radioactivity [ & dry weight of tissue

Yhe possibility that the anparent polarity of herbicide movement might
be modified on expression of the data in terms of radicactivity /g dry weight
was checked by weighing the 2mm portions of the segments at the end of a 60h

'experiment. Appropriate correction factors by which the results of the 6Ch
determinations of radicactive content must be multiplied are given in the

following table:

ACROPETAL ) BASTPETAL
Sample Wt of 4 2mm Correction factor Wt of 4 2mm Correction
pieces of tissue|- for dpm /g pieces of tissue |for dpm/g
A 0.0100 100, % 0.0048 208.8
B 0.0101 98. 7 0.0067 149.7
C 0.0087 115.2 0.0068 146.0
D 0.0064 156.5 0.0076 130.9
E 0.0068 147.9 0.0089 112.7
F 0.0048 208.% 0.0081 122.8

It is clear that these correction factors would tend to accentuate the apparent

polarity of “4C distribution within the tissue, rather than mask it.



(v) Holecular degradation

Degradation of the acetic acid side-chain of the 2,4-) molecule
was invegtigated by monitoring the evolution of radiloactive gas from the
experimental system.

Righty root segments weve placed with apicel or bhasal outb
sunfaces in contact with donor blooks of 1.0 pi 2,4~1}(~1~3'4(§) an
1.0 nl 2,4—-3)(—2-140), having specific aotivities of 34.0 and 29,0
nti/m mole wespectively. The experiments wers carried out in dim
green light within hunidified vacuum desiccators through which aiw
was dravm, before passing through two milcro-bubhlers (figure 4).
Had.ioac.i:i‘vity was. drapped in ethanolamine 3 rethylene £lycol mono-nmethyl
ether ‘ao?..uene (1:6 10 v/v) and the aantenta of each bubble:s wag
changed at ?-honmly :tntewals theoughout the experimem. The data,
presentad in f.‘ie,uze 45, are the total mﬂ:&oaobiw.&y collm ted in each
pair of “hubble:vs, to give total evolution of Y trom eighty root
gegments. '

the mda.oa,ctivity in the ethanolemizm/ toluene mixtzm, aiter
suispl;;r.mg the «-CODH 1&”091.1861 ccmz:oumi is pmsentod. in f.a.gme 3‘3‘
five times higher than that fyom the mmpew}. E:eplicatesu Hevertholess,
the muxiwam outpnt in eny two-hour pewiod was only 200 dpw/80 segmente
ies less than 3 dpm from eech root segment, whioh would amount to less
$han 041% of the initial donor supply of MC:» When the 4&512 labelled
compound was used (figure 43) the evolution of radicactive gas was
reduced ten-fold and the loss fzom the basipetel veplicates was of the same
oxdier as that from the acropetal repiicates. '

it would appear, therefore, that although degradation of the
aeebic acid side~chain followed by the release of gaseous producihs was
mininal, & mechanism for the preferential relesse of 1‘% from the
~CO0K rather than the d-{“:iia group exiasted.
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FICGURE 45

(2)

The evelution of radioactivity from 80O Fisum root seguents

pupplied with 1.0 ull 2,4-1)(-1-143) to {the apical on basal

cut surfaces. Data arve presented as wadioactivity evolved

/ 80 xoot segmenis / 2ehour poriod.

(b) %he evolution of radicactivity from 80 Pisum root segments

supplied with 1.0 nm 3.4-1)(-1—3‘4(3) to the apical or basal cnt

BRTLaces. Data are expreassed as redicactivity evolved

from 80 root segments / 2-hour period.
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(" b) Identification of metabolic products

The possibility of herbicide desradation within the root segments
prevented the detection of140 being used as a reliavie indicator of tne
presence of 2,4-D. Hence, the identification of the radioactive compounds
present in the segment system, employed in the previous experiments, was

of paramount importance.

Experiments were run for 24 hours at 2500 in white light or darkness,
with the 2,4-D molecule labelled with “4¢ either in the -COOH or the -Cl,
group of the acetic acid side chain. Ethanol extracts from each component®
of the system were analysed on descending paper chromatograms, developed
in isopropanol:ammonia:water ( 10:1:1 ), and n-butanol : propiocnic acid :
water (21:10:14). ‘he radiocactivity on the chromatograms was determined
quantitatively, by scintillation counting, and gqualitatively, by
autoradiography. Data obtained from scintillation counting are presented
in tables 31 and 32. Stock solutions of 2,4—D(-l—140) and 2,4~D(»2~l40)
ran to the same Rf, namely Rf 0.7-0.8 in isopropanol : ammonia : water and
Rf 0.9~1.0 in butanol : propionic acid : water. The radioactive compounds
in each extract ran to the same Rf zones as the stock solutions, except

140 wag detected due to the low level of 140

in a few cases when no
movement in the bésipetal replicates. As the data are so consistent, it

must be concluded that there was no evidence of degradation of the

‘radioactive compound in any of the treatments, when these extraction

proceedures were employed.

Autoradiographs of duplicate chromatograms (table 33), in common
with the scintillation counting data, revealed one radiocactive spot running
to Rf 0.88-0.95 in butanol : propionic acid : water. In isopropanol :
ammonia : water, however, the major spot ran to Rf 0.75-0.83%, which was
identical to the pure stock solution, whilst a second compound ran to
approximately Rf 0.9 in segment extracts. The appearance of this
breakdovn product did not depend uvon the position of the radicactive
label or the action of light. In addition, a third compound which was
barely detectable was found at Rf 0.64-0.66. This compound occurred
mainly in the donor blocks and segments of the light treatments supplied
with 2,4—D(—1~14C) and in two of the dark treatments after supplying

2,4—D(~l—l40). It was interesting that the radioactive compounds detected
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in the light and dark trestments of the mcropetal and basipetal replicetes
weve virtually identical. mapthermore, molecular degradetion occurred on
guch a limited scale that very sensitive wmethods of delection were necegsany.

A further series of experimenis was carvied out in whieh moleculaw
degradation was monitomd at 54&1015,:&15:’ intexvals for 60 hours in acropm;al
replicates supplled with 1.0 }1@1.2,4-»33(»1-}4{5). fhe temperature was 25 H
and the experiments were run in botal darkness. . lethanol extraets from
eight replicates, ecach eon'#ainﬁ.ng four root segments, were run on yapew
chromatograns in (&) isopropanol : ammonia s water (#s1:l), (b) nebutanol:
acetic acid ¢ water (5:1:2.2) and (¢} n-butanol » acetone s water ( 3.2: %)e
Bne chromatograms wera cut into 20 equal pileces and distributlon of
wos determined by liguid seintillation counting. examinetion of the data
in table 34 reveals that the radloactivity in the agueous stock solution
of 2,4~;}-(~1«-14G) and in the unused donor bloocks wan %0 R zones 0.70-0.85,
0sB85=1400 and 0.20-0.50 in solvent aystems (a), (b) and (o). Phe agueous
stock solution deposited a trail o£ 14 ‘G elong the mmmatoga.am. Nevertheleoss,
proof that 2,4«D was being supplied to the root segments came vhen it was
shown that pure unlabelled 2,4-D, the stock solution and the unused donox
bloek extract nan to the same R zones

After s period of 18 hours, the.donor blooks contained 2,4-D only,
ag did the half-pegments in contact with the reoeiving blocks. Sinilarly,
2,4=D slone was prescnt in the receiving block extracts when the chromatograms
were xun in solvent system (b), but in systems (a) and {c) an additional
compound was found at RE 0.40= 0,50 and B 0.60=0.80 respectively.

Degradation was not detectable after 36 hours, but afterd8 hours the
receiving block extracts left a trail of vadioactivity on the chronatogroms.
By the ond of the experimeni, +tho donox blocks still contained pure
2,4*2(-1—1'4(3), but there was evidence of slight deg;t,ada.tion of the
trenslocated radioactivity. This vesulted in 140 mnning tu 82 zonesg

00 50=0455, 0=0.10, 0s70=0eT5 and 0,90«L.00 in saolvem; ayotens (a), (b) and ().

In general, these data provide 1itile evidence for the
broskdown of 2y4=D(=l=" 4(}) during twransit through the xoot scgments and
econfiim that even after 60 hours, ox in the presence of light, the
14{3 was gonfined mainly %o the 2,4-D molecule.
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Ex;ract E {Zsition of Yreatment Sample
o | ¢ label
1 ~CO0H Acropetal-dark Donor
2 " " Segnents
3 " " Iieceiver
4 " Basipetal~dark Donor
5 " " Segmnents
6 " " Receiver
1 ~CH,, Acropetal-dark Donor
8 " " Segments
9 v " keceiver
10 " Basipetal-dark Donor
11 " " Segments
12 " " keceiver
13 ~COOH Acropetal-light Donor
14 " " Segments
15 " " Receiver
16 I Basipetal-light Donor
17 " B Segments
18 " " Receiver
19 ~CH,, Acropetal-light Donor
20 " " Segments
21 " " Receiver
22 " Basipetal-light Donor
25 " " Segments
24 " r Receiver
25 ~GOOH - Stock soln.
26 -CH - Stock soln.
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TABLE 31

The distribution of radiocactivity from extracts applied to paper
chromatograms, developed in isopropanol : ammonia : water

(10:1:1). 9he radioactivity was estimated by liquid scintillation

counting and the data are expressed as the % of the applied 140
which wag detected in each Rf zone.
Extract % of applied radioactivity in each Rf zone
No. 0.1 1 0.2 1 0.3 1 0.4 go.s' 0.6 1 0.7 { 0.8 | 0.9
1 - - - - - - 36.1| 63.91 =~
2 - - - - - - | 15.7| 83.4 0.7
3 - - - - - . - | 99.0 | 4.4
4 - - - - - 0.6 | 61.0] 38.% ] -~
5 - - - - - 0.4 | 53.1| 44.9]1.5
6 - - - - - - - - -
7 - - - - - - 21.4] 78.4 1 -
8 had - - - - e 500 9600 loo
9 - - - - - - - |{160.01{ -
10 - - - - - 0.2 | 23.2] 76.6 -
ll - - - - - - l4a8 84‘.]_ l.O
12 - - - - - - - [100.0} -
13 - ~ - - - - 2.4 94.71 2.9
14 - - - - - - 17.1] 80.3] 2.0
15 - - - - - - - 1100.0| -
16 - - - - - - 204 96.4 102
17 - - - - - - 3.1 92.71 2.2
18 - - - - - - - (100.0| -
19 - - - - - - 2.2 95.21 2.5
20 - - - - - - '12.1 85-7 201
21 - - - - - - - [100.0] -
22 - - - - - O|5 3909 60.0 L
23 - - - - - 0.5 1 66.7 29.2| 2.9
24 - - - - - - - - -
25 - - - - - - 8.0 92.0) -
26 - - - - - - | 12.5| 87.5{ -
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Extract f osition of Treatment Sample
No. i it 1abel
~COOH Acropetal-dark Donor
2 " " Seynments
5 " " keceiver
4 " Basipetal-dark Donor
5 " " Segmentls
6 " " Receiver
1 ~CH, Acropetal -dark Donox
8 " " Segments
9 "o " Receiver
10 " Basipetal-dark Donor
11 " " Begments
12 n " keceiver
13 ~COOH Acropetal-light Donor
14 " " Segments
15 " " Receiver
16 " Basipetal-light Donor
17 n " Segments
18 H " Receiver
19 ~CH,, Acropetal-light Donor
20 " L Segments
21 " " Receiver
22 1 Basipetal-light Donor
23 n " Segments
24 " " Receiver
25 -COOH - Stock soln.
26 -CH - Stock soln.

2




TABLE .,
i 18

The distribution of radioactivity from extracts applied to paper
chromatograms, developed in butanol : propionic acid : water

(21 &+ 10 : 14). 'Tne radioactivity was estimated by liquid
scintillation counting and the data are expressed as the % of

the applied radioactivity which was detected in each Rf zone.

Bxtract % of applied radioactivity in each Rf zone
No. 0.1 0.2 0.3] 0.4} 0.5, 0.6 | 0.7 | 0.8 | 0.9 1.0
1 Jo6] - | -] - 13l - | - ] -1 - |99
2 - | - - - - | - - - | 46,1 53.9
3 S N N N N N R
l .
4 S R e R R T B N A PN
5 - - - - -~ - - ~ | 25.51 T4.5
6 - - - - -t - - - - -
'7 - pon - - - - - - 7705 2205
8 - - - - - - - . 10.4} 89.6
9 S R B N R S N B RCC R VS
10 - - - - - - - - 59.0| 431.0
11 - - - - - - - - 18.4| 81.6
12 - - - - - - - - - -
13 - - - - - - - - 73.1 26.9
14 - - - - - - -} - | 62.3] BT.T
15 - - - - - - - - - -
16 - - - - - - - - 5.31 94.7
17 - - - - - - - 1.0.5 9.5 90.2
18 - - - - - - - - - -
19 - - - v - ™ - - 1114 8806
20 - - - - | - - - 0.6 | 63.2] 36.2
21 - - - - - - - - - 1100.0
22 - - - - - - - - 28.0| 72.0
23 — - - - - - O.b 007 32@6 64-0
24 - - - - - - - - - -
25 - - - - - - - - 1 64.0] 36.0
26 - - - - - - - - " 52.0! 48.0
L I




Exﬁract g fgsition of Treatment Sample
0. | C label
1 ~C00H Acropetal-dark Donor
2 " " Segments
3 " " Leceiver
4 " Basipetal-dark Donor
) : " " Segments
6 | " " Receiver
f -CH,, Acropetal ~dark Donor
8 " " Segments
9 L " Keceiver
10 " Basipetal-dark Donor
11 " " Segments
12 " n keceiver
13 -COOR Acropetal-light Donor
14 " " Segments
15 " " Receiver
16 " Basipetal-light Donor
17 " " Segments
18 " " Receiver
19 -CH,, Acropetal-light Donor
20 " " Segments
21 " " Receiver
22 " Basipetal-light Donor
23 " " Segments
24 " " Receiver
25 ~COOH - Stock soln.
26 - Stock soln.

e ——



TABLE 3%

The distribution of radiosctivity from extracts applied to paﬁer
chromatograms, developed in isopropanol : ammonia : water (10 : 1 : 1)
and n-butanol : propionic acid:water (21:10:14). The radiocactivity
was detected by autoradioagraphy and the data are expressed as the %

of the applied radioactivity which was detected in each Rf zoneé.

Ixtract isopropanol:ammonia:water butanol:propionic acid:water
No. RE1 Rf2 RE3 Rfl rf2 Rf3
1 - 0.81 - 0.89 - -
2 - 0.81 0.98 0.90 - -
3 - 0.81 - 0.92 - -
4 - Oa82 - 0092 . - -
5 - 0.83 - 0.91 - -
6 - - - - - -
7 - 0.77 - 0.91 - -
8 0.64 0.76 0.91 0.88 - -
9 - 0.76 - 0.89 - -
10 - - 0.75 - 0.89 - -
i1 0.64 0.75 0.90 0.90 - -
12 - - - - - -
13 0.66 0.77 - 0.90 - -
14 0.66 0.77 0.91 0.88 - -
15 - 0.77 - - - -
16 0.66 0.77 - 0.94 - -
17 0.66 0.76 0.91 0.94 - ~
18 - - - - - -
19 - 0.76 - 0.95 - -
20 - 0.76 0.89 0.95 - -
21 - 0.76 - 0.94 - -
22 - 0.76 - 0.91 - -
23 - 0.77 0.89 0.91 - -
24 - - - - - -
25 - 0.77 - 0.90 - -
26 - 0077 - 0091 Ll -

The Rf value of successive spots on the autoradiographs are presented.
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TABLE 34 (a)

The distribution of radicactiviiy from extracts applied to paper

chromatograms, developed in isopropanol : ammonia

©
.

water (8:1:1).

The radiocactivity was estimated by liquid scintillation counting

and the date are expressed as % of applied radicactivity detected

in each half-Rf zone.

Time

(h)

Sample

% of applied radicactivity in O.5Rf zones

0.0% 0.10

0.15

0.20] 0.25

!
{
H
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- e o o e

o o o
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% of applled radioactivity in cech half-rf reglon
0.45 0.50, 0.55] 0.60| 0.65]| 0.70] 0.75{ 0. 80 0.85] 0.90] 0.95}! 1.00

- - - - - - {15.% [69.6 {14.2 | 0.9 - -
- 23%.0 | 34.1 - - - - i10.6 |[30.1 - - - -
bo- - - - - | 0.6 [36.1 |60.6 | 2.3 | 0.3 | - -

- - - - - | 1.3 [53.7 |60.0 | 4.7 | 0.2 | - -
- | 0.6 ] - - - | 4.9 |21.7 |70.4 | 2.1 | - - -
e T S e B EETC RN 7% B0 05 B A (U
2.3 | - - |13 | - - | 4.0 |48.8 {40.8 | - - -

A S 0 WY e {3 @3 R S R i 26 A ATV S o R 8 S A e a3 o S S Wl €52 PO e T e e ) o et o LR Ll e o M B G ) ST R R Y @ e B G 0 B ST vor A A e Ao ey e

501 - - 3-4 2.8 Oo6 8v6 4202 800 2-3 - 2.5

- - - = - - 1005 76.8 1207 - - i
- - - - - - - 1313 [66.1 | 1.5 | - -
- 0.1 - - - 0.8 [11.0 }167.4 |20.3 | 0.4 - -
- F - [11.7 - - - - l42.% |28.9 - - | 0.4
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TABLE s (b)

The distribution of radicactivity from extracts applied to paper

chromatograms developed in n-butanol : acetic acid : water

(5:1s52

counting and the data are expressed as % of applied radiocactivity

«2). The radiocactivity was estimated by ligquid scintillation t

detected in each half-Rf zone.

ime Sample % of applied radioactivity in each half-Rf zone '

{(h) 0.05]0.10 10,15 |0.20 | 0.25 {0.30 [0.35 |0.40

18 Donor - - - - - - - -
Receiver - - - - - - - -
Segment-don. end - - - - - - - -
Segment~rec.end - - - - - - - -

U S RO SOOI S N S IR S RE———

36 {Donor - - - - - - - -
Receiver - - - - - - - -
Segment-don,end { 0.8 - - - - - - 0.6
Segment-rec.end - - 0.7 - 2.7 - - -

48 | Donor - - - - - - - -
Receiver 6.0 | 2.8 5.4 [3.0 |2.9 [6.0 - -
Segment-don. end - - - - - - - -
Segment-rec, end - - - - - - - -

60 | Donor - - - - - - - -
Receiver 29.7 | 2.6 - - - - - -

0 Unused donors’ - - 0.1 0.1 0.1 0.4 0.8 0.2
Stock soln. 0.7 1.8 ]0.7 1.0 3.8 3.5 | 2.1 1.0




% of applied radicactivity in each half-Rf zone
0.45 0.50| 0.55| 0,60 0.65] 0.70| 0.75{0.80| 0.85] 0.90 | 0.95| 1.00
. - - - - - - 0.1 | 2.1 143.5 {53.4 -
- - - - - - - - - 53.9 146.1 -
- 0.3 | 0.2 - - - - - 110.% 177.9 111.2 -
- - - - - - - - - 35.8 |64.2 -
- - - - - - - - |07 [15.5 {83.7 -
- - - - - - - - - [20.9 76.7 | 2.3
- - - - - - - - 2.8 29.1 |64.7 | 1.9
- - - - - - - - - 27.3 |69.2 -
- - - - - - - - 12,1 39.% |57.1 | 1.1
- 5.0 - - - - - - - 15.2 [48.2 2.3
- - - 0.2 - - - - {2.2 29.6 |67.9 -
- - - - - - - - - 5.8 |[77.8 |16.3
_________________________________________________________________________ R S——
- 0.4 - - - - - - 0.1 4.8 |60.0 |34.7
- - - - - - - - - 4.4 160.% | 2.9
0. 1.0 | 2.5 | 1.4 1.3 | 0.1 § 0.1 0.1 {0.7 9.8 |70.9 | 9.8
2.3 2.4 (12.1 | 5.5 | 2.2 | 2.5 1 3.5 |1.8 [0.7 5.5 [36.8 { 9.9
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TABLE 34 (c)

The digtribution of radiosctivity [rom extracts applied to paper
chromatograms developed in n-butanol : acetone : water (5:2:3).
The radicactivity was estimated by liquid scintillation counting
and the data are expressed as % of applied radioactivity in each
half-Rf zone.

Time Sample % of applied radicactivity in each half-Rf zone

(h) 0.05 [ 0.10] 0.15] 0.20| 0.25{ 0.30| 0.35| 0.40

18 | Donor - - o2 | - ~ 1 0.9 | 4.5 [16.7 |
Receiver - - - - - 1.9 - -
Segment-don.end |0.1 - - . 1.3 | 8.6 [24.4 |34.9 |

|
Segment-rec.end | - - 3.2 - - }10.2 |37.6 [30.5
it e o 1 e e 1 ] s s s e 6 e 6 43 e 1 et = i o 4 m e e 0

36 DOIIOl“ - - - 003 lo7 706 1904 3195
Receiver ) - - - - - 110.7 35.7 {34.0
Seg[nent'”dono elld 501 101 - - O¢4 6.1 20e5 3309
Segment-rec.end| - - - - T8 (11,4 [38.2 {34.4

48 DOJlOI - - - - 1.3 805 2701 5603
Receiver - - - - - - TaT7 1275
Segment-don.end |6.2 | 1.4 - - - - 4.2 120.3
Segment-rec.end {0.6 - - - - - 2.2 |18.8
Receiven 0.3 - - - - 4.1 | 7.6 |20.1

0 |Unused donors 0.2 - - 0.9 4.8 [15.9 |24.7 |26.5
Stock soln. 1.7 12.5 | 1.3 | 1.5 | 2.2 | 7.8 [10.6 {14.1




% of applied radioactivity in each half-Rf zone {
0445 [ 0.50 | 055 | 0.60] 0.65 | 0.70 1 0.75| 0.80} 0.85 O.90§ 0.95 1 1.00

2905 54~00 lOa9 10? 068 002 O‘l Ocl 0-3 - - ~
7.7 131.0]16.31 - [33.2 | 2.5 10.5 | 4.5 - - . -
i 1.2.7 1415 2.9 - 005 had - - - - \ -~ -

16.1 1 2.3 - - - b= - - - - - -

27.5| 9.8] 1.010.3 1 0.1 |0.3 | 0.4 | 0.1 - - - -

16.5{ 3.0 - - - - - - - - - -

25.7 1 9.0} = - - - - - | 0.1 - - -

] - - | - - |69 | - i - - - -

18.8 506 007 0-3 103 006 003 005 006 - - -

2500 998 2.1 0.1 003 004 Ool Ool Ool Ool - -
17.3 128.7}1 3.0} 0.7 - - 110.8 - l.2 - 3.6 | 2.4
14.8 | 8.9 1.0{ 0.6 | 1.6 «H 1 0.3 - - - - 0.1
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Pulge-labelling

The experiments in the previous section demonstrated that
radicactivity could be drained out of the root segments in the donoxr
block was replaced by a non-radioactive agar block aflter 25 hours.
Successful pulse-labelling in this system might be expected, therefore,

14

gince the movement of a well defined pulse of 7 'C also depends on a

mechanism of tissue drainage after the radiocactive front passes.

A one-hour pulse-label of 1.0 uM 2,4_3(-‘1_14'0) wag applied to
the apical or the basal end of the segments which pretreated for 25
hours with 1.0 pM blocks of unlabelled 24-D for 25 hours. The pre-
treatment was given since exploratory experiments showed that a pulse
of radioactivity did not move in freshly excised Pisum segments.
Following the one-hour pulse, 8 fresh set of unlabelled 2,4-D biocks
replaced the radiocactive donor block for 2, 5, 7 or 9 hours, after
which the segments were cut into 2mm pieces and procegsed for liquid
scintillation counting. The data are the mean of eight replicates

from experiments set up on two different occasions.

Figure 44 demonstrates that the applied radicactivity did not
move glong the segments as a distinct pulse. Instead, the initial high
140 content in the 2mm of segment in contact with the donor block
spread slowly along the segments, leaving & definite proportion of
radioactivity in each region. After basal donation, for example, the
lSt two 2mm pieces contained 10-15% of the total 140 content whilet
the succeeding pieces contained approximately 9-10, 2-5, 1-5 and
0-2% (table 3%9. There was less evidence of M retention near to
the gite of donation following apical donation and by the end of the
experiment the distribution was 24, 16, 12, 5 and 2% of the total 140.
The radioactivity detected in the receiving blocks applied to the
bagipetal replicates, in the 8 and 10 'hour experiments, exceeded that
in the blocks applied to the acropetal replicates. The t-test values
for the comparison of the means of the acropetal and basipetal replicates
at the two time intervals were -~1.98 and -~2.04 resgpectively. Since the
lowest value for significance was 24365y little importance could bve
attached to the results. A greater proportion of the radiocactivity
passed bsack into the replacement blocks of unlabelled 2,4-D applied to
the basal end than into those applied to the apical eud of the segments
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(table 35 . This might be expected in view of the differences in

surface area at either end of the segment.

During the one-hour pulse label of the radiocactive herbicide
uptakes of 379 and 356 dpm were recorded in the acropetal and basipetal
replicates respectively. By the end of the experiment 28.8 and 26.1%
(respectively) of the initial uptake could not be accounted for by the
extractable radiocactivity in the tissue (table 56)- The loss from the
acropetal and basipetal replicates did not take place at the mame rate,
since after 2 hours 23.9% had been lost from the basipetal replicates

whilst only 14.3%% had been lost from the acropetal treatments.

It is clear from these data that under the conditions provided

2,4-D vas not able Lo pass along the segments as a distinct pulse.
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FIGUKE 49

The movement of radioactivity from 1.0 uM 2,4—D(w1w14ﬁ) applied
as a one-hour pulse-label to the apical or basal end of Pisum
root segments at 2500 in darkness. The root segments were
pretreated with blocks of 1.0 uM unlabelled 2,4-D for 25 hours
and the pulse label was chased by further application of
unlabelled 2,4-D blocks for 0, 2, 5, 7 and Shours. Data are

the mean of eight replicates carried out on two occasions.

1 = 1 hour pulse-label + O hours unlabelled 2,4-D
2 = " " oo+ 2 " " "
3= "M 45 " "
4 = " " "o+ 7 " "
5= " " o+ 9 " " "
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et et e

The distribution of radiocactivity along Pisum root segments supplied
with 1.0 nM 2,4»D(w1n140) to the apical or the basal cut surface at

o SN
257C in darkness.

The resulis are the mean of eight replicates and

are expressed as a percentage of the total uptake of radioactivity

inte the segment system.

Time of Treat, Radicactivity in successive Zmm pieces of root
2,4-D (h) segment (% of total uptake of dpm)
Hot | Cold A B C b B i Rec.| Repl.bl
1 0 Acrop | Led | 0.5 | 0.6 | 0.5 | 3.5 [92.4 | 1.3 -
Basip 9209 304 107 006 1-1. Ocl -
1 2 Acrop | 0.1 | 1.1 | 0.5 | 6.1 [16.9 | 32.4 42 .6
Basip ]36.3 [14.8 | 2.7 | 0.9 | 1.9 | 2.2 | 3.5 |37.4
1 5 Acrop | 1.7 | 1.4 | 2.3 | 8.7 |12.6 |11.9 | 0.5 {60.8
Basip [ 24.7 [21.9 |10.5 | 4.5 | 3.1 3.0 | 0.6 |3Ll.5
1 T Acrop | 1.6 | 4.3 | 4.7 {10.5 |10.% [10.5 | 0.3 | 57.6
Basip | 19.5 |15.2 § T.4 | 5.1 | 2.5 | 2.1 3.1 | 45.0
1 9 .A.Crop Oo7 2.? 4&7 901 14-1 14&4 0.8 5206
Basip | 24.0 |16.2 |11.7 5.2 | 2.% 1.7} 2.8 |35.9
Hot = radiocactively labelled 2,4-D

Cold

[

unlabelled 2,4-D

Repl.bl = replacement block of unlabelled 2,4-D
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LAPLE 36

The totsl content of radicactivity in Pisum root segments, receiving
block and replacement block of unlabelled 2,4-D, in a system supplied
with 1.0 uM 2,4~D(—1-14C) for a pericd of l-hour at 2500 in darkness.

Data are the mean of eight replicates carried out on two occasions.

Time of 2,4-D Total uptake of Radloactivity

treatment ( dpm )
()

Hot Cold Acropetal | 9% loss Basipetal | % loss
1 0 379434215 - 3564343740 -
1 2 325.2436.9 14.3 271.2451.7 23,9
1 5 327+6+29.8 13.6 239.8+26.5 32,7
1 ? 35400;‘;26.1 11.9 24004‘;{:.2802 32.5
1 9 270.1+16.1 | 28.8 263.4144.5 | 26,1

Hot = radioactively labelled 2,4-D
Cold= unlabelled 2,4-D
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PISUM SBEDLING _INVESPIGATIONS



The concluding section of the investigation was designed to determine
vhether the acropetal polarity of 2,4-D movement detected in the Pigum
root segment system existed in the intact seedling. Donation of the
radioactive herbicide was either as 1.0 uM 2,4~D(-l-140) in hollow,
discoid donor blocks which encircled the root (fig.lb) or as a 1.0 uM

aqueous solution into which the root tip was immersed(fig, le),

(1) Agexr block donation

The discoid donor blocks were supplied, for progressively longer
periods of time, to root tip or to a point approximately Smm away from the
cotyledons. Bxperiments were performed in green light and the periods of
tranglocation were in darkness at 2500. The data are the mean of three
experiments, each congisting of three replicates, and the entire

experimental evidence is based on 108 intact seedlings.

Histograms in-figure 4§ depict the level of radiocactivity in the roots.
Region A was the third of the radicle nearest to the cotyledons, region C
represented the third nearest to the tip and region B the region of the root
lying between the other two. After supplying the herbicide to regiogoﬁyjtﬂ8urs
site of donation retained 67% of the total 140 uptake, 27% was found in the
middle region and 6% had moved into the apical region of the root. After
30 hovrs, only 60% remained close to the donor block whilst 15% had moved
to the root tip, but by the end of the experiment a further 2% could be
detected in that region. In contrast, however, application of the herbicide
to the root tip (C) resulted in little movement of radioactivity towards the
cotyledons. After 60 hours 96% of the applied radioactivity wes confined
to the site of donation, 4% had reached region B but no radioactivity could
be detected in region A. Detectable movement into the other parts of the
geedling ie. the shoot, occurred within 10 hours following basal donation
to region A, but the plumule never contained more than 11% and the cotyledons
no more than 5% of the total radiocactive uptake. Donation to the root tip,

however, resulted in virtually no movement into these structures (table36).
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The total contersof radioactivity (figure 46) revealed that entry
via the apical region of the root (C) was greater than via the basal
region (A). On average, apical uptake exceeded basal uptake by 3379 dpm
after an experiment of 20 hours and by 2619 dpm after 60 hours. Declines
in the level of radiocactivity held within the seedlings were detected after
20-30 hours and 40-60 hourse whilst increasses were apparent after 10-20
and 40-50 houra. This phenomenon was not related to the site of donation

employed and occurred in each ol the three experiments.

At the end of each experimental period the length of the root and
the shoot was measured prior to the processing of the material for liquid
scintillation counting. The results are illusirated in figure 47 and show ¢
that the shoot increased in length by approximately 20mm during the 60 hour
experiment and the site of donation of the herbicide on the root had little
effect on the growth. Growth of the root was affected by the site of
donation and the roots supplied with 2,4-D at the tip were approximately
10mm shorter than those supplied at the opposite end of the root.
Exanmination of untreated seedlings revealed that the length of the radicle
of three-day-old seedlings was 3%lmm (from 10 seedlings taken at random)
and the zone of root hairs was 13.2mm long and started 6.4mm behind the
root tip. Indian ink markers placed at 3mm intervals along the root showed
that the 3mm zone at the root tip increased in length by 70% within a
period of 24 hours, whilst little increase could be measured in any other
zone. Application of 1.0 uM unlabelled 2;4-D to the radicle at a site near
fo the cotyledons, however, resulted in a 77% increase in length of the tip
region, whilst no growth occurred when the herbicide was supplied to the
root tip. The statistical significance of these data was not ascertained

gince the population sampled was not large. .

These data indicate that the uptake of the radiocactive herbicide
was greatest following an application to the root apex, but fthe most
rapid translocation of radicactivity was detected following an application
near to the ctotyledons. Since the elongation of the root took place mainly
at the tip region it would be unlikely that growth would enhance apparent
movement of radiocacivity towards the root tip. On the other hand, the
characteristics of growth could well help to confine the radiocac tivity to
the tip of the root following s donation in that area. It is clear, however,

that 2,4-D applied to the roots of Pisum sativum would find only limited

avenues for translocation into the aerial structures, provided that the

position of 140 reflected the presence of the herbicide.
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PAGUEE . 450

Blotribution of zadipactivily in inlact Fisgun scedlings
supplied with 1.0 wH 2,4-?1@(1-1!.-‘&'@{3) 1o the wopglon of the veot noarcsd
to tho cotyledons (A)e The experivent was camnled out on threo
aosasions and tho date ave the mean of $he zenulta Lron apch

axporisont.

fegion A = thinrd of woot nearest to the coiyiledons

# B o= nooovw Geang between wegdons A and §
Y G o= wooom % geavest o mool tip
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FPIGURE 45b

e 2o A AR

Distribution of radicactivity in intact Pisum seedlings supplied with
1.0 ji 2,44)(-1“140) to the third of the root nearest to the root tip

. . . 50 s
(C). The experiment was carried out on three occasions at 25 C in

darkness and the data are the mean of the results from each experiment.

Region A = third of the root nearest to the cotyledons
o R = u o " lying between regions A and C
i ¢ = " woon " nearest to the root tip
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The level of radiocactivity in the cotyledons and plumules of
Pisum seedlings supplied with 1.0 ui 2,4mD(~l~l4C) near to the
cotyledons oxr neax to the root tip. The mean data from three
independent experiments are presented separately and are expressed

as % of the total uptake of radicactivity at the two sites of

donation.
Qonation near to cotyl. Qonation at tip of xoot
Time | % of total uptake found in % of total uptake found in
(1) cotyl. plumules cotyl. plumiles
1 2 3 1 2 3 1 2 3 1 2 3
10 1.6 12.5]0.2{0 0.1 0.1y © 0 0 0 0] 0
20 Lel [ 4310041051062 (169 O 0 0 0 0 0.1
30 0 1.7} 1.8}0 0.9 OB O 0 0 0 0 0.1
40 0.5]0e8} 0440112017 O 0.1} O 0 0.1} 0
50 | 0.8 [1.3[0.2(1.8[0.7(3.31 0 | 0 {0 |o | 0o |o.u
60 031101304471 7T O 0 0.14 O 0.1 0.1
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PIGURE 46

fadloactivity extracted from Plsum seedlings supplied with
1.0 pil 2,4—1}(-17148) at (A) a site in the bosal vegion of the root
noor to the cotyledong and (1) a site near to the woot Hip.

The oxperiment was caryied out on three oceosions at 250{“: in
darkness end 1, 2 and 3 indicate the mean result from esch
exporimentd.

156



8000

4000

RADIOACTIVITY (dpm)

8000

L0800

RADIOACTIVITY (dpm)

(A} Base to tip

e

TIME (h)




FIGURE 47

Elongation of the root and shoct of three-day~ocld Pisum seedlings
supplicd with 1.0 uM 2,4-D(-1-%C) at (4) a site near to the
cotyledons and (B) a site near to the root tip. The date are the
mean of experiments carried out on three occasions at 2500 in

darkness.
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(2) Agueous donation
Three-day-old Fisum seedlings were placed with the apical 3mm
of the woot tip imnersed in Sl of 1.0 n# 2,4-33(-}.-1%) asplution for
05y 1e0y 540, 440 or 5.0 hours ab 12906' in whilte l:igh'& or darkness
{Figure 10). !Eﬁ;‘ams:@m:*f periods were run in humidificd boxes in the
vhite Light or darkness in the same growth voom and the experimental
mandpuletions were carwled oub on three different oeaaga:iam with three independent
replicote seedlings fox esch Time interval. Thus, each point on the
graphs is the mean of nine readings and the experimental work necessitated
the use of 90 intuct seedlings,

A sigoificent difference in the level of padioactivity in the
light and dark trested replicetes could not be detected in the firgl
three hours of ihe experiment (figuve 48). uping the vemainder of the
experinent a vepid incresse in the rate of upteke resulted in 8950 dpe
in the dark treated seedlings and only 4048 dpm in the lighi. This ves
significont at the 1% level of probability (table 37). reduction in
uptake in regponse to Light {¥) wes obvious in the three wegions of the
w00t (LyB & C), the cobyledons and the plumule aifer 4 ov 5 nours
(figure 49).  Within one hour, 250-500 dpm could be exiwacted from the
region (A) of the root neavest bo the colyledons, whilst the level in
the plumule and cotyledons wag 295450 dpn and 100«200dpn respectively

in light and darxkness. During the initial 30 ainubtes of the exyperiment
325«575 dpm were translocated into the plupule. This indiceled a velocity

of at loast 8 cm h—l, gince the plunule was approxinately 4 om avey from
the site of donation.

These data strongly suggest thet the movement of M(}’ from the
rout apey into the plumule was exirvemely wrepid following an suueous
donation of the herbicide to the zoot Bip. In addition, white light
regulted in an overall reduction in the l‘esvel of radicecbivity in the
seadlings. At was gurpriding, hovever, +that an application of the
radioactive compound in an egar block 4o the rool vip resultbed in little
detectable basipetal movement of 1‘4(}. A further control experiment wasg
pexforned to detexrmine whether e water deficit within the plant might
aocounth for the eage of distribution of the agueous solution.
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A L0 p¥ solubion of 2,@-9(-1—;4ﬁ) was supplied 4o the root
tip of three-day-old Pigmn seedlings by the method described in the

previos section (figure le), folloving a Sehour pretveatment with the
ol tip lamersed in welen, The control seedlings had the xoot tip
immersed in the wadicactive harbieide golution lmediately. Table 38
presents the dets from thres representative secdlings end show that the
water prebreatment had little effect on the subseguent uptake of fhe 140.
It is wvolikely, therveforve, thet the papid upleke and dlstribubion of the
radloactivity was essociated with a wapid influx of water into the xoot to
satdefy any internal deficit.



The level of vadloactivity in Pisum seedlings supplied with
1eO il 2,&;—1}(-»3.&14(:) to the vsat tip as an aqueous solutlon ot 25°¢
in daskness or Lighte. The results ave the mesn of wine independent
deterninations.
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FIGURE 49

Radloactivity in (a) the three veglong of the intact rvootb,
(b) the cotyledons and (e¢) the plumle of Pisum seedlings supplied
Wit 1.0 1w 2,4=D(~1="00) ab 25°C in white Light o dariness.

The dats ave the mean of nine independent determinations.

thizd of moot unearvest to the colyledons

i

Reglon A

" B wooow v dying bebween veglons A and ¢
" (H wooon % pearest to the xoob wHp
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TABLT

tmtests of palrved comparisons ie. Light vs. davk, on data

prasented in figures 48 and 49.

Semple

Meoans F.8, of t=value
conparad. difference
Total 1‘_30 content 3 light-daek 1165,89 0,056
(£ig. 46) moonw 59221098 | ~2.99% *
5h " " 47569, 66 =53.091 %
M_‘C in plummle 3h ¥ n 1716.07 ~1.01%
(fige 49) o row 9906496 | ~1.887
Sh " " 9937439 ~2.7T60 *
L6 40 cotyledons H v ow 1250,66 | «0.794
(tige 49) /v BR65T.50 | ~2.675 *
8h " " 16361, 46 w1776

b, 001 (E0F)
4

0,01 (8DY)
t.05 (60F)

it

b}
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TABLE 3

Distribution of radicactivity in Pisum seedlings supplied with

1.0 i 2,4-p(-1-4

for 5 hours pxior to the application of the herbicide.

C) to the tip of roots pretreated with water

Controls

were run in which the radioactivity was supplied to the root tip

immediately, without pretreatment in water.

The experiments were

carried out at 259C in darkness and the results from three

representative seedlings are presented.

RADIQACTIVITY . ( dpm)

Seedling regions CONTROL WATER PRETHREATMENT
(dpm) 1 2 3 1 2 3
Root region C 1569.2 [1572.7 [1408.3 || 1838.4 | 1064.9 | 1333%.4
" " B 434.6 | 362.1 | 212.8 631.4 358, 1 247.8
" oA 372.8 | 217.8 | 127.0 T7+5 152.2 27.0
Cotyledons 145.2 | 132.7 44.2 35.5 311 26.3
Plumule 224.6 | 200.6 | 106.5 141.8 T4.2 134.7
‘ Total uptake 2746.4 [2485.9 [1898.8 ||2724.6 | 1680.1 | 1669.2




(3) Tissues involved in 2,4-D translocation in Pisum seedlings

Experiments were designed to determine if any specific tissue was

involved in the translocation of the herbicide in Pisum root tissue.

In the first experiments, a 5S5mm portion of the primary root situated
5mm below the cotyledons was either (a) steam girdled or (b) had the cortex
removed. The latter process was simple and was achieved by gently bending
the root until the outer tissues of the root were torn, the epidermis and
cortex were then peeled away from the central vascular tissve and removed.
Figure %0 presents the mean data from nine replicates, from experiments

carried out on three independent occasgions, at 2500 in darkness for 15 hours.

Steam girdling had no effect on the total quantity of radiocactivity
14

which was extractable from the seedlings, but ~'C accumulated in the area
of the girdle making the level approximately twice that detected in the
controls. The control plumules contained 254 dpm more than those from

the treated plants but this was not great enough to be significant (table
39). Removal of the cortex from the vascular system resulted in a 22%
reduction in total 140 uptake which was/gggnifiCant at the 5 9% level of
probability. A 36% reduction in ragdioactivity into the plumules was

recorded after theremoval of the cortex.

_ If the steam girdling data were considered in isolation, it would
appear that the living cells of the intact root played only a minor role
in the translocation of radiocactivity from the root tip. However, the
result of the cortex removal experiments revealed that considerable

movement of radioactivity might, in fact, occur wvia the living cells.

In the second experiment, the Pisum roots were supplied with the
radioactive herbicide for a period of 24 hours, after which the steam
girdling or the cortex removal operation was carried out and the root
tips were replaced into distilled water. The radiocactivity in region ©
was determined after a further period of 24 hours, in order that 140 would
be able to drain into the distilled water. Table 40 presents the data from
six replicate seedlings treated on two different occasions and show that
removal of the cortex had little effect on the 140 in region C whilst the

steam treatment resulted in a 6-fold decrease in content. It would appear,

therefore, that the living tissues of the vascular system were necessary



L

for acropetal movement of radiocactivity in the intact root.

In the third experiment, the radioactive herbicide was applied to
region A of the root and the movement of 140 past the girdled or the
region lacking cortex was monitored as the radiocactive content of region
C, 24 hours later. The data presented in table 41 revealed that a 14-
fold reduction of content resulted from the steam treatment and the
content was approximately half that detected after removing the cortical
tissues. These data indicate that both the cortex and the living vascular
tissue were involved in the movement of radicactivity in the intact root

of Pisum seedlings, which were exposed to white light.

(4) Identity of radioactive compounds in roots of intact Pisum seedlings

140 in the root system of the

In order to determine whether the
intact seedlings was still confined to the 2,4-D molecule methanol
extracts were analysed by paper chromatography in three different
solvent systems. The position of radicactivity on the chromatograms
was located by the use of a Panax chromatogram scanner.and the resultis
are presented in table 42, It is clear that the radicactivity extracted

from the root system reflected the position of 2,4-D, under the conditions
employed. However, the slight alteration of the Rf value of the radioactive
compound extracted from the roots which had been drained into unlabelled
2,4=~D solution might indicate that the roots contain relatively immobile

radioactive metabolites.

In summary, 2,4-D or metabolites of 2,4~D moved towards the apex
of intact Pisum seedlings in a polar manner under the conditions tested
using the agar block technique. This was not true for the treatments in
wvhich the herbicide was supplied to the root apex as an aqueous solution.
In this case a strong basipetal movement of radiocactivity could be

detected. The presence of a functional vascular system was essential.
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FIGURE_ 50

Bffect of cortex removal or steam girdling region B of the root of
intact Pisum seedlings supplied with an aqueous solution of 1.0 uM
2,4«9(_1-140) to the root tip. The data are the mean of nine replicaies
from three experiments carried out at 2500 in darkness, with a

translocation period of 15 hours,

R

1 = Root apex ( region C)
2 = Root region B

3 = Root region C

4 = Cotyledons

5 = Plumule

6

Total uptake of radiocactivity
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SABLE 39

Peired t-test of the date presented in figure 50

[; m P’ " o o 555 5 = B 3 T
to.on = 20306 by g3 o= 30355 Gy gaq = 5e04L (8 DY)
Total uptake values t=-values

compared
Control - cortex removed 2.24
i -~ stean girdled ~(a 64
Corbex removed - stean girvdled =(}e 83
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TABLE 40

Following a 24 hour donation of 1.0 ulM 2,4—D(-l~140) to the root
apex of intact Pisum seedlings, the root was either steam girdled
or the cortex was removed and the root tip transferred. to distilled
water for a further 24 hours. The data for six representative

replicates from two independent experiments are presented.

Rep. RADIOACTIVITY IN REGION ¢ OF ROOT (dpm)
No. Control Cortex Steam
removed girdled
1 221.0~ 223.1 5347
2 363%.8 32%.6 6043
3 404.5 573.2 65.2
4 460.7 227.0 63.4
6 31043 337.5 56,1
Mean 36543 31443 29.7
168



TABLE 43

Radiocactivity detected in region ¢ following an agar block
application of 1.0 uM 2,4—D(51-14C) to region A of the root of
intact Pisum seedlings. The data for six replicates carried out

at 25°C in light are presented.

Rep. RADIOACTIVITY IN REGION € OF ROOT (dpm)
No. Control Cortex Steam
removed girdled
1 1840.8 126.2 125.7
2 1486.7 202.8 143.0
3 750.0 123.1 102.0
4 1791.2 262.9 80.7
5 1395.6- 68,2 53.1
6 8949 190.2 64.6
MEAN 1359.9 162.2 94.8
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TABLE 42

Determination of the identity of the radicactive compounds extracted
from the roots of intact Pisum seedlings supplied with 1.0 uM
2,4-D(-1-14C) at 25°C in the light. In additicn, extrascis were taken
from roots which had been supplied'with the radiocactivity for 24 hours
and gubsequently "drained' into unlabelled 2,4-D solution or distilled

water,

i

Solvent system 1 = n-butanol:acetone:water (5:2:3)

" 2 = n-butanol:acetic acid:water (5:1:2.2)
" 3 = iso-propanol:ammonia:water (8:l:l)
Extract Solvent Run of Run of RE
system solvent spot
() (mm)
Radicle 1 165 123 0.74
210 192 0.91
271 227 0.84
Radicle - 1l 156 117 0.75
unlabelled
" 2,4-D 191 172 0,90
278 250 0.90
Radicle - 1 166 - 120 0.72
distilled ‘
water 215 188 0.87
275 230 0.84
Donor 1 17 12 0.71
solution o 20 17 0.87
3 28 23 0.84
Stock 1 16 11 0.69
radioactive
solution 2 19 17 0.88
3 28 24 0.85
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_ DISCUSSION



-

The research programme was based upon an assessment of the use of
isclated root segments -as an accepiable technique in the study of the
movement of 2,4-dichlorophenoxyacetic acid in plant tissue. Since a
cursory appraisal of the system revealed several potential artefacts each
' component was studied in detail in order to define the roles and the
interrelationships within the complete technique. Clearly, the usefulness
of the technigue would be directily related to the ease and accuracy with

which the data could be extrapolated to the intact plant.

Preliminary investigations were designed to determine a suitable .
working concentration of the herbicide: for use in the Pisum root segment
system. The choice depended upon the relative phytotoxicity and specific
activity of the radiocactive compound and a compromise between the two
factors was to be necessarny. TQO bioagsays vere employed and flodation of
the segments in solutions of unlabelled 2,4-D indicated that concentrations
of J0«1 nM to 10.07nM. inhibited least , whilst inclusion of the herbicide
in agar blocks applied to the ends of the segments revealed 1ittle change
in potency overthe entire range. 7The lack of cbmpatibility betweeﬁ the two
sets of data could well be related to the absorptive powers of the root, in_
which case flotation of the segments would, perhaps, aid penetration, uptake
and accumulation of the herbicidé in phytotoxic concentrations. This was
supported by the fact that all concentrations of 2,4-D tested in the flotation
experiments produced a reduction in elongation of the segments below the
level of the controel. Elongation in the agar block method, however, was
greater than in the controls and was probably caused by slow penetration
of the compound through the two cut surfaces of the segments. These findings
would substantiate those of Audus (1948) that the initial rate of inhibition

of root growth in Pisum and Lepidium was limited by the rate of entry of

low concentrations of the herbicide. Promotion of segment elongation by
sub-optimal concentrations within the tissue might be mediated through
mechanisms similar to those operating in auxin stimulation of root growth
(Thimann, 1936, 1956). In view of these results, 1.0 uM 2,4-D(-1->4C)
was chosen as a working concentration possessing an acceptable level of

radioactivity and phytotoxicity.
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An acropetal polarity in the movement of 2,4-D labelled with 14C

in either the -COOH or the -CH2 group of the acetic acid side chain was
detected after supplying the radicactive compound to either end of the
sub-apical segments of Pisum roots. In other words, the applied
radioactivity moved preferentially towards the root apex. After a lag-
phase of 10~15 hours accumulation of a mobile radicactive component was
approximately 32 times greater in agar receiving blocks applied to the
apical end than in those applied to the basal end of the segments when
2,4—D(-l~l40) was donated and 13 times greater when 2,4~D(72~14c) was
supplied (fig 6 ), : The polarity was not absolute and after 60

- hours a maximum 50 dpm were detected in the blocks from basipetal
replicates supplied with compound labelled in either position. Several
workers, including Wilkins and Scott (1968) and Kirk and Jacobs (1968) have
reported a similar polarity in the movement of IAA in sub«apical root
segments of several monocotyledonous and dicotyledonous gpecies. A faster
velocity of IAA than of 2,4-D movement was indicated by the relatively short

lag-phases whenever the indole compound was used. The acropetal/basipetél

ratio of IAA transport in Zea, Avena:\Triticum, Lens and Helianthus
depended upon the sbecies and ranged from 7.8 to 37 during a 6 hour
experiment. Iversen and Aasheinm (1970), however, claimed that accumulation
. of 140 in receiving blocks supplied to basipetal replicates was only 25%
smaller than in those supplied to acropetal replicates of Helianthus roots.
No other evaluation of IAA movement revealed such a pronounced Basipetal
component, although Hillman and Phillips (1970) reported that the basipetal
transport in Pisum root segments could amount to 50% of the acropetal

movement,

A disturbing feature of the receiving block data was the minimal level
of L6 scoumulation. Indeed, Yeomans and Audus (1964) and Bonnett and Torrey
(1964) wére‘forcéh to abandon the estimation of radiocactivity in the blocks
since the accumulation was so small. The problem was not so acute in the
2,4-D/Pisum system where 30% of the total uptake of 140 could be extracted
from apical blocks at the end of a 60 hour experiment, but this only
accounted for 12% of the initial donor supply. Pilet (1964) found that
6.1% of the radioactivity supplied to Lens root segments was present in

yhe blocks after only 2 hours. However, accumulation in apical blocks
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- applied to Lens for 6 houra, Pisum for 24 hours and dea  for 18 hours
secounted for only 0.81, ;.3 and 7.0 % of the total 4(‘ uptake vespectively
(Kirk and Jacobs, 19683 Hillman and Phillips, 19703 Wilkins et al, 1972).
The values would be very much smaller if expressed ag a proporvion of the
initial donox contents ‘tThese data indicate clearly that (a) the o0t
segnents had o great capacity ft)c the :ae*bentian of rzadiosctivity, (b)

the mdmaetive molecules wnm anhgeoted to a magsive d@g;wﬂatlon with o
smbseq_uent loss of 14(, from the syatcm or (c) 4‘3 transport vas minimal.

*J'he distrn.butinﬂ af :uaﬁ,.maw w*:.ty a.longg; the ?isum root seguents

reveéled, witheut any doubt, the yolar bc*ha.viom‘ in the movement of
2y4=D(~1= 6’) (figuxe 10)e By the @nd of the experiment, Y
the ap;@lied x-aﬂ.ioactivity had arx-i.ved in the 2mm of the se*gment ad‘}m.ent
to the receiving bloclcs of the ac:mpatal replicates, whilst only le2% was
preaenb in the basipetal replicates (figures 10 and 11). “his closely
pavalleled the fdndings when radioactive IAA was supplied to roots of
Bmssiea, Ponvalvul 8, Vicia, qum, Lens and Zea. Acounuletion in the
a.p:zcal end of these segments was up to T times greater than that at the
opposite end, but wag dependent wpon the region of the root fxom which the
segment was excised, the length of the ‘aegmen'b and the concentration of the
auxin supplied {Iversen and Aasheim, 1970* Bormett and Tovrey, 1965; Yeomans
and Audvg, 1964; Kirk and Jacobs, 19683 Wilkins etal, 19‘72) Iversen and
Aaghedm {1970) must be oriticised al this point for not providing evidence
on whioh they basad a statement that the polarity was detectable in
Helienthus tissue. Wilkine et sl (1972) clalmed that expression of the
Zea cla‘bé‘ as proportions of the total upteke of wedicactivity tended to
obsoure the polavity effect, but this vas not substantieted by the results
for 2,4=D presented in figure 1l of this thesis. It should be pointed out,
however, that although chemically related gompounds might be transported
by the same system, it would oo by no means obligatory. Furthernore,
gince the figures éomprisa both the immobile and mobile components of the
radicactivity extraetaiole from the tissue tixey. cannot be taoken ag definite
indicators of polarity béczmae the" capacity for immobilisation at the two
ends of the segments might well be diffewent. fleverthelogs, the acropetal
polarity in the movement of radiocactivily previcusly establighed in the
recelving block clata, could be demonptrated at the wecelving block end of
’a&:&g sagmexrhs. - } '




Preforentinl movement of radiounctivity towards the root apex was
evident also in the steedy increase in the 142 content of each successive
2mm piece of the segments, in the acropetal veplicates, as the experiment
progressed (fipure 10 end 18). The basipeidl replicates, hovever,
exthibited increasing levels of 140 over the first 10«1% hours before
declining during the remainder of the experiment and this was weflected in
the proportion of radiowetivity retained in the Z2mmn portion of the segment
adjecent to the donor blocks. In view of the differences in terminal
surface area of the segments it was survprising that the level of radiocactivity
in the 2mm adjacent to the block was almost identical in the acropetal
and basipetal wveplicates over the initial 15-25 hours of the experiment.

By the end of a 60 hour experiemént, almost 24% of the applied 40 waa
retained in the basal region of the scropetal replicates £b11cwinw_ }
donetion of the -UOON labelled herbicide, whilst 47% was retained by the
bagipetal replicates. Although the percentage of the total radioaétiva
uptake held in the gome reglon of the acropetal replicates fell steadily
for A0=45 hours (figﬁre 11), the absolute level of radicactivity increased
alowly over the same period (figure 10). This showed that rapld
distribution of 140 along the segment was accompanied by a continued uptalke
fyom the donor blook. In contrast, the proportion held in the
corresponding region of the basipeial replicates fell from 80% to 50%
during the 60 hour experiment and was accompanied by a decvease in the
absolute level of radioactivity. This could explain, +to a certain extent,
the prefevential movement of radioamctivity towards the root apex. It is
likely that some basic propecty of the transport system was effective in
confining the rvadloactivity to the apical region of the basipetal replicates,
{hus preventing rapid distribution along the segments. Heveral reponts
in the litersture, dealing with the movement of IAA in root segmenis of
Vicia, Convolvulus, Lens, Brassica and Pisum, confirmed the validity of
the finding, although the precige result depended on the location of
excision and the concentration of the auxin supplied (Yeomans and Audus,
19645 Bonnett and Torwvey, 19653 Kirk and Jacobs, 19683 Iversen and
Aaghein, 19703 Hillmen and Phillips, 1970).

In common with the 146 retained in the segment adjecent. to the
donoxr hlock, little difference in the total uptske of vadicactivity could
be detected for 30 hours with 2,4<D(-1-24C) and 20 houws with 2,4-D(-2-1¢)
(figuwe T)e This fact was not compatible with the suggestions of Yeomans

and Audus (1964) and Kirk and Jacobs (1968), that the lack of homogeneity
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in surface area and cellﬁlar mcmpcsition at cither end of the sepment

could 19&& to dzfierengos in reteg of dlffmsion, uptake, and ultxmately
transport. The idea was further questianed by data qhowing the

sreatest polarity of 40 mavement in the 2,4«B/j;ggg_aystem We.s pxeaémt in
segments with identical terminal surface areas ie. excised from the

‘;4—44mm zone (f1gure 39). The weskest polaritv wag exhibited by 1=11um
segments, yet the basal aurfac@ area was more than three tim&a greater thon
thet at the apical end. &urﬁhermore, date on page 135 revealed that
expression of the data as raﬁiauvtivltyf &Jy weight of segmeﬂk would,
undoubtedxy, inczpaae the appafent palallky in the distribution of 140,

but tend to reveal dszezences in contentof the terminel Rmm of the aafmcntd.
Thege findings corxoborated those of Wilkins and Scott (1968&) and #iliins
ot al (197?), whiéh'led the authoxg ta'balieve that no relationship
existed between the uptake of raﬁiaactivity and the sueface arca of the
segment expoaad to the donor blocks. & aimple correlation of surface
area to degree of pelamity was not posﬂible hecauae of the variation in

age and differenﬁiation of the tissue frbm one region lo the nexts

Aftar trunapamt peri&ds of 30 hours the acropetal veplicates
containeﬁ, on average, 1.7 times more nadioactmvity than the bagipetal
reylicataa (aee.aergp/basip x&tioa in figuwe'?). By the end bf the
experiment the differénceg in 14Q contont were 49 times after donation
of' the «COOH laballad eompoun& and Beb timps with the ~LH labelled compound.
Lt is dszloult to determine whether the observed yﬂlarlty of 14
Lranapnrt wan a r@snlt of differential uptake by the two ends of the
segments duving thé 1§tex atégas of the experiment, ox whether the
_difxerchtial uptdke was & vesult of a polar tranalocatxon mechanism which
limited the rate of diffuaiﬁn into the eegments.

Since the uptake of xadioactiv¢ty into the apical and bagal
ends of the Piaum root aegments wag in a deiin;te yolax manner after the
firat 30 houzs donetion, dzifaxanh;al loss from the donor blocks might
be emyeoted. - The data presented in toble 2 and fipures 8 and 9
revenled that the loss of 14& from basal blocks exceeded that from
aplcallynappli@d blocks after a transport period of 1) hours at 25 ¢ in
darknesg. ' &he extent of the dilferantlal loss increased ag Lhe experiments
progressed. ﬂunation of 2, 4~D(—1~ 4&) and 2 A-D(-E- c) gave olosely
similar acxnp/basip ratios, with the exceptian of the 60 hour point
when the ratios differed by 87, The poaition of the 14& labelling would
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be unllkely to affect the extent ol the loss to awy great extent.
Comparable data for the loss of IAA from donor blocks aupplied to
Phaseolus and Pisum were published by Kirk and Jacobs (1968) end Hillman
and Phillips (1970). Similarly, the dala presented by Yeomens and
Audus (1964) and Kirk and Jacobs (1968) for Vicia end Lens slso revealed
a greater loss from the basal than from the a@ical blockn. The loss
from the l-5ma zone of Vicia voot supplied with LAb( =l 4G) was
exponential, but in the 48 and 6-12m@ zones the rate of loss mirrorved
the rate of upteke and nelther was congtont. Similarly, figuze 8 ﬁ
14& iogt
from the donor blocks and the radioactivity extractable from the Eigum

illustrated thet a mikrov-image relationship existed between the
rool segments + receiving blocks.

Throughouﬁ tne stuéies into the m&?em&nu of 244=~D in Pisum woot
segments, fluctuations in uptake, diatrlbutaon and exporl of 148 wers
recorded with such regularity that they dould not be dismissed immediately
ag artefacts of tpe technique. _ Glearly, any error in the preparation
of gtandard donox biooks might lead %o fluctnations, so the 8% errow
veported eamlief ie. 15,432 + 1250 dpm, oaul& lead to spuriaua peaks of
uptake. Furthexmore, Sinee expression of the data fox the 4h content
of successive 2mn sections of tissue (figure 1l) as.a % of the total g
content tended tuv erase the pesks of absolute achivity (fipure 10), it

14

would appeasr that *“C content might be a.&efinmﬁe proportion of the donox

aupply.

Trror in donor supply appeared to be an unlikely explanation
of the fluctuations on consideration of figure T illustrating the totel
radioactivxty extracted from the root sogments and receiving blocks
£ollowing donation of 2,4=D(=1~-1C) ox 2,4=0(~2- %),  Peaks or Y4
content nccurred in every exﬁeriment 1-8 aftor 10«20 and 35~40 hours and
was followed by a furllier increase in xa&moactiviﬁy towards the end of the
experiment, | The pattern was clearly visible in the 40 content of the
basal Zma oflrhe segnents in contact with the donox block (f;gure 13).
0f greater importance, however, vas the synchrony of the fluctuations in
independent a¢ropetal and basipetel replicates, vhich indicated that -
ervoneously * hot! donor blocks would be an unlikely explanation on the
pixteen occasiong. Further.suﬁyort cane from evidehce (figuve B) that
uptake of lqﬂ was the mirror imagé of increases and decreases in activity
of the donor suppiy. It wmight be concluded, therefore, that the level
of 140 in the donor blocks increased st intervals and on these occasions it
wag rare to find high levels of uptake.
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Ulearly, attempts to pin-point acenrately e fluctuation by
nging Se-hour sompling intervals was ddfficult since any gmven peels could
be displaced by up to 10 hours by a lack of preolsion agsociated with
the lengthy sampling intexrvalss . It was considered worthwhile to use
2-houwe pampling dntervals o msgess the fluctwabions more precisely and
to determine whether an increase in the numbex of ssmpling points
increased the numb@r of flucﬁuatmons. . Mgure L4A & B revealed that a series
of fluctuations in the 14@ -content of bhe acropetal mepllcaxeﬁ were
detectable and thet several of the tro&gh% and peaks were, sagnifieantly
different from the fitted quadvatic curves: It is suggested that peaks
i=4 in experinents A abhd B paaseaaed g visual gimilarity, although displaced
by approzimately 8 hourg.
1&6 content of
raceiving blocks occourrved aftexw %0 hours in expeximent A and 38 hours in
experiment B (figure 15) ie. aidela& of 8 houwrs, which coxrrvesponded to
the delay recorded in the upﬁake data

Itvwae'inﬁeresting that the first major peak of

Theae data were consistent with the view that nonsrandom
fluctuations ovcurxea and gupported the conclusion presented for 2,4=D(=l- 4&)
and 2 4~n(~2a 40) (pr@vious ﬁﬂ&é) that pesks were slways recorded after
10-20, 35«40 and towsrds the end of the experiment. A ginllar conclusion
was possible from o visual apprecistion of figure 18, buwl analysis
revealed that the fiwctuations of 14¢ level in section A of the acropeial

replicates vere not significantly differxent from the fitted curves.

anestigatians uwaging one set of wood amgménts throughout an
experiment were carried out in oxder that the jnnode variability ¢f bhe
destructive aamﬁling teéhhiqueﬁ could be veduded. “Hhe receiving blocks ox
the donor blocks were renewed by frash blocks every itwo hours and the
14G-cantnﬁt of ihe blocks aspessed by liqﬁid seintiliation comnting.
In this way it was hoped to minimise erior normally dntroduced by the
uge of n different set df wots for cach sampling point. Pointg in’
which 14@mléss'ff0m apiocal and basal donor blocks wes greatest oceurved
after f=9 hourﬁ and at intervals of 22-26 hours thereafter (figure 16)
(table 43). ~ Coxresponding periods of 46 export into the receiving
biocks were detected, in general, 12«16 hourg later than the peaks of
donor=Lloss ie. the time taken for radioaetiVity to pass from one end of
the segments to the other.  Whe invelvenment of translocation andfor
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ZARLY 43

ACROPETAY,
€ (24-26) D¢ (24-26) >
& (10-12) =3¢ 810 ) =D 68 ) =b( 6--8 ) —3&~( 12 )= (4=6 ) >
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[ | | |
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Figures in brackets are the number of hours by which peaks of donor loss

14

or receiver increase in ~ 'C content.were separated, or the time taken for

the peak to appear at the opposite end of thé segment.
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export processes proceeding atb retes different to that of upteke eounld
not he wswrled out.

- In conclusiony, therefore, the éata‘presentsdvin this thoesis
have shown that polynomial regression anslysis did not suppoxt the possibility
of congistently significant fluctuations dn 14@ level with time.
flowever, & visuval sappreciaticn of the graphs indicated thet peaks of 146
content in the tissue occurred afber 10«20, 35-40 hours snd jdowards the end

of the experiments weported.

Mxplanation of the fluctuations in terme of an .osecillation of
some enviromnental fector was unlikely sinces
(a) Dark room temperature was monitored by a thormograph and found to be
accurate to within,i,lﬂﬂ. - Farthermore, any fluctuation would be
buffered by the thick wells of the closed cupboard in vhich the
“humidified chambers were stored during the transport periods.

(b) ltoutine washing ol the hunidity chambers on termination of each
experiment removed any possibility that particular points on the
%imegcourse were associated with sny particular chamber,

(¢) Dxperiments le4 wore carvied out at the School of agriculture,
Hottinghem, whilst experiments 5=8 (in the firet section of wesults)
viere capried out in the Garscube Research Leboratories of ¢laggow
University, using fresh supplies of eguipment snd experimentael
materiale.

(@) “he time of wetling up over a 9 hour period had 1little effect on ihe
level of 146 trangported (teble 8) énd nothing was detected which
could explain the magnitude of the fluctuations,

It is impovtant, therefore, to speculate further about possible
mechanisms to which the fluctuations might bo linked. A periodie losa
of ¢ from the acetic acid side chain of the radicsetive molecule would
explain a compleie loss of radicactivity from the expevimental system.
figure 4% reﬁealed that 140 evolution was grester in the basipetal than
in the ecropetal replicates, indicat Ang a greater capacity for degradation
by the cells in the apex of the segment. The rate of evolution did not
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appear to be constant {throughout the experiment and highest rates woere

1 1(; was

lost preferentially’ from the «-C00H then from the ~OH2 group of the gide

recordad after approximately 10«18 hours and 36=-42 hours.

chain but the low level of evolution from the segments made it unlikely
for degradation to be the cause af the fluctuations. it could, however,
be an indicator of an underlying mechanisme The preliminary nature of
these investigations precluded the formotion of dofinite theovies and
further studies of gascous evolution are required. Nevertheless, it is
quite cloar that the oseillations of “1¢ levels must take place within the
pysten snd not by & less of yadioactivity fyom the segmenia. Hillman
~end Phillips (1970) postulated that a decvesse in Y, content of the
receiving blocks might be related to a loss.of a volatile product from the
ayston,  whilst Vilking gt sl (1972b) roveoled that the loss of “700, from
IAA(=L= LG) ond IAA(~2w 40) could be relatiwely high. However, 17 U loss
was unlikely to account for the fluctuations obsexved by these workers.

Civeunmgtantial evidence presented on page 36 indicaoted that the
level of radicactivity within fthe donor block might increase at intervals
during the transport period. (leaxly, this could occur only if-a

L 4o the

reversal of the mejor acropetal flux returned a guantity of
donor bloclk. This theoxry was supported by deta for.the 146 level in plain
agar blocks and blocks coutaining unlabelled 2,4«D uged to peplace the
normal donor blocks of 2'4FD(-1‘140) after 25 hourva (figures 21,22), A
polynomial regression analysis (table 16) confirmed thet radiocastivity was
exported into these blocks for 10-20 hours following the change-avers
Therentter, the level of 140 declined prio» to further accumlation during
the final hours of the experiment. An exact corvelation of the phase
of this oscillation with that of the donor blocks, or the total 14@ content
of the segments was not possible, but it deg likely that the blook changee
over conld influence processes alveady in progress. Since the activity

in the replacement blocks never exceeded 600 dpin, the losses of 1000 dpm
from the segments conld not be explained entirely in terms of ve-translocation
into the donor blocks. izror in preparation of stendsrd donox blocks and
the possible loss of 400 could account fov much of the difference.

It is obvious, hovever, that re-translocation of 140 into the donor blocks
could, 1o a certain extent, help ito explaia flucluations ln the 14@ level
of the root segmenis.
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The greater accunmlation of radioectivity iv the replacement
bloeks supplied to the apical end of the segments (figures 21322)
emphagised the fact that pavt of the radicactiviiy entering the basipetal
tranglocetion system was diverted by the acxopat&l~syétem. In this way,
radloactivity would be confined to the wegion of the segment adjacent to the
donor blocke ,Avgiear.acropetal yolarvity would result since a smeller
¢

diverted by the weaker bagipetal translocation systen.

proportion of the supplied {to the basal end of the sogments would be

Removal of the vadioacotive donor supply efter 25 hours resulted in
the upteke of 14@ by she scropetal control exceeding that of the wreplicates
supplied with uwnlabelled 2,4«D or plain agar blocks (figure 24). The'
upteke by besipetal wreplicates, at the ssme siage of the experiment; wos
sueh that the controls contgined no more 146 than the segments subjected
to donor replacement. A yeduetion in the level of radicsetivity bheld

by the controls and the plain agar treatment wasg noted aflter the 29 hour
point of the experiment, whilst the level in the unlabelled 2,4-D

treatment remained virtually constant.. This phenomenon might he
attributable to an exchange of labelled. for unlabelled herbicide molecules
at imnmobilisation sites, where normal extraction was not completely
effective in weleasing the radiocactivity. In other words, the
unlahelled compound might act as e flushing agent.

temoval of the wadicactive donor supply 4id not produce a
dramatic reduction in radiocactivity accumalatbing in apical receiving blocks,
in faed, thé only significant effect on the acropetal replicates wes
detectable in the %0-60 hour period. In view of the finding that the
uptake by the acropetal replicates was severely roduced on yemovel of the
donor supply aftex 25 hours, it vas surpriging to detect suoh a negligible
effect on recelving block content. . Replacement of an apical donor
hlock with an unlabelled 2,4«0 donor remlted in an increased receiving
gfﬁéﬁ?ﬁ% 146. nossibly caused by tﬁe proposed flushing action of the
unlabelled compound. The level of activity in the contxol and the plain
agayw treatment was almost identical,. E% i3 obvious thot the expowt of
radloscbivity applied to Pisum moot segments was not dspendent upon
continved uptake from a donoxr blovk, once the 25 hour point of the
experimont had passed. whis dndilcated that only a small propoxbion of

the 140 wag being moved towards the receiving block by the transpoxt system.
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heplacement of the‘donor block by either plaiu agar or unlahelled

294=D blocké after ?5 hours resulted in a rapid drainage of rgdioaotivity
from the segments (figures 19,20). By the end of the experiment the
level of 140 distributed slong the geg snents of the aexopebal replicates
vag congtdnt, vhereas the 2mm regions of the basipetal segments rctained
a definite ;evel of radicactivity. Phe reagon for the different pattorns
of drainage was not apparent, but the rapidity and effectivencas of the
procens indicated that the sepments might be caprble of trenslocating o
clear-cut pulse of 2 4-». It was found, however, that a one~hour
pulse-lebel of 2 4-&(—1- b) supplied to the segments, pretvesied with
unlebelled 2,4«D for 25 hours, merely sgrea& along the tigsue. The lack
of o olearly defined movement of an IAA(-l» 0) pulse through Zea root
gegments was reporied by Wilkine et el (1972). ‘'he present finulng that
-2,4—3(-1»140) was digtributed most rapidly along the segments of the
basipetal »eplicates supported the findings of Kirk and Jacobs (1968) and
Wilkins and Cane 61970). They proposed that a transient basipetal
polari%y of IAA movement could result fyom e smell, rapldly moving flux
of 140 moving avay from the woot tip, whilet the major acropetal transport
conslated of a large flux with a slower veloelty. The results of the pulse
inveastigations preaented in this thesis would support this theory.

‘ &he literaturo aontazns several references %o oscil]aticn& in the
tatea of uptake and cxport of IAA and 2,4-D, though the authors rarely
edmented on the signii;cance of the phenomenon. Indeed, in some cases
fluctuations clearly illustrated graphically weie not aknwledged in the
texts  Perhaps this indicated a reluctance of the workers to‘aoeept
the dete as anything other than artelacis. The radioegtive content of
receiving blocks applied to Pisum root segments supplied with Iﬁn(aa—l4c)
decreased after an experimental period of 18 hours and uillmen and Phillips
(1970) suggested thet the data could be explained as a loss of radioactivity
from the system. Kirk and Jacobs (1968) end Scott. and Wilkins (1.968)
ﬂetécted similar decreases in Phaseolus root segments after 8 hours and in
Zea yoot segments after 6 or 18 hours, depending on the concentration of
the auxin used. Wilking et _al (1972b) revealed that a decmease in
radioactivity in receiwing blocks applied to the apical end of Zea root
segments supplied with IAA(-1-14G) wes & metabolically controlled process
which commenced efter transport periods of at least 8 hours at 25°C.

Moat of the "“vesorbed" 140 remained in the apical 2«4ma of the segment.
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Shen-Miller (1973) repoxited a 20 minute period for a rhythmic fluctuation
in 140 content of decapitated coleoptiles of Zea and Avena seedlings
following o one-minunte pulse~label of IAA(-1—14G)'or IﬁA(~2-14G).

e concluded that the data could only be explained in terms of a revemsal
of +the acvopetal flux of IAA through the tissve. This eppeaved to e
similar to a 20=30 minute rhythm in the transport of TAd ih'ggg and Avens,
coleopltiles repoxted by Hertel and Vlowy (1968).

Pilet (1965) claimed that a redueced content of receiving blocks
appliced to stem gegmenis of Lens culineris could be related to a reduction
14C
of the donor block reserves of vadioactivity. It is dpperent from the
date foxr 2,4=D transpoxt in this thesis and by MeCready (1963) and MeCready
and Jacobs (1963) that theonset of the initial phase of decline in receiving

in the velocity of «logs from the donor blocks rathex than & depletion

block redicactivity occurwed much later then in the IAA experiments.

This probably wreflected the observation ithat TAA movement was up to 10 fimes
fagter than that of 2,4=D. Yhe possibility existes, thevefore, that further
fluctuations in the IAL experiments might have been detected had the transport
periods been longer. In support of this, Nottrill and Hanson (1968)

found +that a decrease in the ralo of upleke of 2,4«D, after the initial

100 minutes of the experiment, was replacad by a second phsse of wepid
upteke in Zea moots. Blackmon (1961) eclaimed that the phenomenon wes
confined to dicotyledonous species susceptible to the action of 2,4-D and

that vesistant monocotyledonovs species did not exhibit the renewed phage

of uptake. It is necessary to examine these data with caution, howevexn, .
gince the infrequency of the sanpling intexvals, espeoielly in the later
stages of the experximents, could well have resulied in the lack of

detectidn of uptoke. Reinnold (19%54) and Johnson and Bonner (1956)
sugmested that this initiel phase of rapld uwptake vould be canded by a
physical adsoxption process within the system; 8ince the subsequent

vhages possessed a temperature coefficient of 2.6 and weve sensitive to
cyanide, arsenite and diethyl-dithiccarbamete, a metebolically-controlled
process was implicated.

Pittendrigh (1954) proposed an ideal code to which a flnctuation
mast be closely related before being classd as an endogenous rhythu.
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The conditions were:
(1) The zhpthn must pevsist in a consiant environment.
(2) "he rhythm should be initlated by a single stimulus.

(3) The phase of the xhythm should be able to be adjusged by suitable
treatnont.

(4) "he phese of “the rhythw should be delayed by en interruption of
metabolism of the tisgue.

() the rhythm should not be exactly 24 hours.

The 2,4»D[§i§gm oot segment system setisfied xrule 1, since
experiments were caxwvled out at congtant tempervature and humidity in
arowth roons. The effects of fluctuwations in gravitational oy cosnic
gtimdation were not counteracted. The nature of the experimental
‘technlque necessitated the uwse of an unreesonably high number of replicates
if the rules wexe 4o be investigated fully. Bule 2 wag?gaﬁisfied gince
it was difficult to determine the ianitiating stimalus. It wag possible
that the observed oscillations mevely wreflecied an endogenous rhfthm, but
the initiation of a'de novo rhythm could not be muled out. The gbimulus
might heve occurred duving:

(&) TFxposure of the dark~grown msterial to green lightb.
(b) Exeision of the voot seguenis.
(¢) Application of the donor and/or receiving blocks.

As the three operations weve geparated by lesa than l-2 minutes, the
individual effects would be diffioult to distinguish.  Thus, although it
would appear likely that a vhythmie phenomencn wps involved or associated
with the mechanisms responsible for the movement of 2,4=D in rouvt segments
the complex nature of the experimental systen preciuded any precise
monitoring of the flucituations. ‘

The fluctuations xeported in the 2,4-D/Pisum root segment system
might well reflect thelendogenous periodicity found in root pressure and
oxudation and in the uptoake of ions (liuck gt al, 1962, 1970; Hanson and
Biddulph, 19533 Vaadia gt al, 1960).
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Progregsing from the bagic aceepisnce of an acropetal polarity
in the movement of 2,4-D in isolated segments of Pigum woots, wes the

guestion of whether the movement was dependent upon a supply of metabolle
energy from the gegnents ox wag mexelj passives. A clue eéﬁéﬁé series of
experinents in.whiﬁh a range of concentratidng of 2,4~ was applied to apical
o basal ends of the segmenls Phe rabio of wotake of madioactlvity by
the acropetal and basipetal weplicates (table 24) increased with time atb
each concentration and was dué to the cossation of uptake into the apical
end of the segments after 15 houvs. Upiake $mto the basal end of the
gegnents was contlnuous. An dnevesse in donoy concentration from 1.0ud

t0 10,0 pif 2,4—3(-1—1@0) resulied in a proportional inerease in uplake
through the basel endse oy example, after 20, 40 and 60 houws the
increases weve from 1100 to 16,500 dpm, 1650 to 19,000 dpn and 2180 tp
273,500 dpm. ‘The uptake at 0.1 0 vas grester than would be expected on &
purely propowtionel basis and values of 150, 300 and 370 dpm were recorded
aftey 20, 40 and 60 hours respectively. A sindlar situation was found
when the wptake by basipetal replicstles was sbtudied. - Galeulation of the
polarity retio fxom the receiving block dalta rovealed that an increase in
donor concenteatlon fwom le0-10.0 uil yesulted in a merked.loss of polaxity
¢f's 2647 t0 8el alfter 60 houws {table 24). This was due to a proportional
ingresse in radloactivity in the receiviag blocks of the besipetal replicates
in vesponse o the ten~fold increese ln donor councentration, whilst only a
=4 fold inerease in counts was detected in the acropetal replicatoes.
HeGrendy (1963) reported a similar dispropovtionate incrvesse in the
acropeial movement of 2,4~B(-1~146) through segments of Fhageolus petioles,
but gquite the reverse was detected in Convolvulus angkggg oot segmonds

by Bormett and Torrey (1965) and Heott and Wilkine (1968). it is clear
that o passive process such ag diffusion would be greatly dependent on

concentration of the growbh reguletor supplied to the seguents. un the
other hand, & process dependent on the provision of mebabolic energy
aight be concentration dependent ouly over a limited range and becone
saturated ot higher concentrations when the capacity of the sysiem was
agrnceeded. it is possible, thewvefore,. that the date in teble 24
provide cireumstential evidence for acwopetal transport of 2,4-U in Fisuw
root segments belng more dependent on metabolism then the basipetal
movenent. The faol that the export of radioactivity into the receiving
blocks (figure 36), exhibited no saturation effects at the higher
concentrations would not be compatible with this theoxy, mnor would the
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elaim thet concentrations of TAA up to 10.0 uM did not saturate a Zea

oot segment ‘sg;‘stem (Bcott and Wilkins, 1968). It is conceivable that

a further inc:ceaae in concent:mtion might have pmclueed. the required
rosult. Tiven more surprissing was the fact that Iversen and Aashein
(1970) - wexe unable to detect any pclam.'by in-the movement of IAA atl.
concani;;r:atiem 1owax then 0.1 aiifolaw.

Using a 41ff rent a.ppmach, Nieaéxfsm@.-lf amien and Leopold
(1957), Goldsmith (1967, 1968) sevesled that the veloeity and polarity of
avxin movement in seggmems oxcised from the aerisl stvuctures of several
species was dependent on serobic :res;{)'? ratory processes. A& velated
teuhnic;;ue wad emp} oyed to establish the presem.e or absence of a netabolie
degencience in the 2,4-»])/3&@313:1 systems egmenta were exposed to an
emaemb:ie env:umnmcmt. to prevent aenobic mei,abo.l.mm; and to el
:thibm anderobic metabolism by complexing with the jna{gnes:mm cofactor of
the anzym" tenolase! in the glycolyt:ie pathway e Yhe inhibitor was ‘sﬁpplied
to ‘the root aegments at a eonean’amtimx of 2 wi incoxporated into donow and/ox
recews.n{g mucks by the method. of Wilkine andihyte (1968). Rmml“t;n from
two exper:hnen‘bs rovealed that the mﬂioaatinty in the a.pieal receivim
blocks was reduded by an avorage of 58% in N, alone, 6% by the N, 2/Na.‘& in
dcnor block treatnent and T1% vy the N /ﬂ’aF in donor and receiving block
trpatmen b., ‘F‘h_ese racluetio*ma were computed using the deta from the
corresponding 30 hour contiols and were all significent at the O.1% level
of prohabuity. | yitmargadmtion of the irihibi.tor in the receiving blocks
only g&w’e ‘no sn.ggnif‘:i.cant a.l.tcamtmn oi‘ the level of radioactivity in the
blocke (f’i{gm*e 29 and tsble 18). Lx:po sure of the basipetal ::eplimws tc '
anoxic conditions foxr 30 hours gave o reduction in the N /m“aﬂ in reuoivmg'
bloek 'isrea,tﬂwm only. ~ These date indicated that the tréanspori o;E
fxrom & ,44) waa dependent on the aérobic and anaarobic membalxsm of the |
segments amd supported reporis of reduced mmvemant -of 1A on eXpo snre of
corn coleogtiles and Toot seg;amnts to snoxic conditions ((;oldumwh, 1067a,bs
Wilking end Martin, 1967; Uilkins and Scott, 1968; Vilkine end by e,1966).
BSince the W /i\fal? in donox and Tecel ving block treatment of the Pisum acropetal
:,;_epﬁm-aﬂgwas xnor*e effective than the N / NaF in donor:- block 'Lrea. Lmemtg
it might bo concluded thats ‘
{a) The. sagmems received an inadeyuate endogenous conmcenbration of the
" inhibitor from the donor bluckuonw donatmn, o | | -
(v) ‘e inkilbitox efi‘ec’cwe}.y reduced M6 movenent at both the donox and the
© ' vegelving block end of the sciments ie. inhibited the uz:zualm and export
processes, in the presence of 112.

186

S ———



Phe latier view was substantiated by the %0 houx bagipetal N?/Nal" in
Mﬁ cantem; possibly
indicated an inhibition of the export of radiosctivity into the receiving
hlock.- his was pugported by the 1‘32/1\1’9:1%‘ in dovor and dhe I@R/Na’i? in

donor and weceiving block tresitments which gave 505 and 47/% vedvctions in the

raceiving block treatment in vhich a wveduction in

tobal 3"3‘0 conbent of the sewmmentag, whilst the receiving block contents were
reduced by en additional 1T% and %0% respeotively. The theory was not
sound in the case of the 30 houe Hal/receiving block treatment which
exhibited no change in weceiving block content on exposure to 1%’2.

inother intervesting phenomenon wos the massive increase in
veceiving bloock radlosctivity whenever Hal® was present in the donox
blocks of the alrecontrols of the acropetal replicates but not the
1\3’2 breatnentse. A gimiley stimulatony effect was detecied in hoth
air and ]?1’2 treatments of the bagipetal replicates vwhen Hal' was
supplied in donoxr and weeeiving blocks for 30 hours. Yo explanation
of the stimulatory effect of Nal' could he offered oud nmo xeports in the
litexature eould be found. WVilking and vhyte (1968) concluded that
the lack of effeoct of the inhibitor under asevobic conditions
demonastrated the lneignificance of glycolysis wndexr normal environmenial
conditions, The inbibitor had no stimuletoxy effect on the uptake
of radlvectivity from Iﬂ.&(nl—-l‘%{}} when supplied to Zea root segmenis
a9 on aqueous pretreatment (Wilkins and Seott, 1968b). It ds
conceivible that the wse of longer expenimental pretreeatment periods
mieht have revealed o stimuletory effect in the Z@qajm syaten,
Other inhibitors of auxin transport eg. tri~iodobenzoic acld (PIBA),
naphthylphthalanié acid, pechloronmercuri henzoste and pedinitrophencl
sae known to indrease the IAL content of shoot éegm@nﬁs. Tne effect of ¥
TIBA was abttributed %o s zeduction in expors of radiosctivity into the
receiving blocks, leading to an accumulation of MG in the segmenta.
Hxpowd into the wecelving bloocks was found to be more sensitive to
inhibition than was the upteke of 14{;‘ from the donor blocks, vwhich would

381



pupport the theory presented earlier fox the 2,4~nﬂg;gg§ oot segpend
gyeten (Chriatie and Leopold, 196%a,b; Winter, 1967). It ie clear
that further work would be valuable in the evaluation of the
ghimdatory effeat of Wall.

The weasons - Lo the unacceptable level of variability da
the datafrom the 2,4~%/?iaum oot seguent sysbom, under anoxmic conditions
{ fieuxe 30,317 wexe dAifficult to pinpoint. It was distuxbing, howevern,
that identical techniques with other plend specien provided dependable
datcn Absence of total anserpbiosis would wesult in the continuance
of a finite level of melbabolism, bul this erzor seemed walikely since
veplicates within the same experinental chewber gave divevgent wesul bg.
Another potentially impovtsnt factor was the effect of anaevobic
conditions on the IAﬂuqxidasafpaioxi&ase systen of the pea woots (Janssen,
1969, 1970). If the enzyme sysbem was active in the degradation of
244~ molecules under nommal conditions, the imposition of an oxygen
depleted atmosphere would prevent the oxidase agliviity and facilitate
the movenent of a greater flux of unaltered herbicide through the
pegmentbs. & gimilar effect in intact Helionthus seedlings was ceused
by flooding of the xooh gystem, resulting in an inasctivation of the
oxidase system with a congequent increase in suxin level (Phillips,

1964) It is obvious thai the expected ivhibitory effect of ﬁa and
Wel would be antaegonised by the oxidasge effect and might account for
the Inconsistency of the vesulbs in the Q,Qwﬂ[ggggg oot segment svelbem.
Fuethermore, the stlmlatoxy effect of Nal on the wptake apnd movenment
of 14& could act in opposition io the expected ilnhibitory sctivity
under anoxic conditions. '



As roois noxrmally develop in the soil the optimum temperature for
metabolic and metabolically-controlled processes might be lower than the
25”0 employed routinely in the previous experiments. Pigure 27 A shows
that the wvelooity at which 140 from the vadioactive herblcide moved from
base to apex or apex to base of the segments incrveased steadlly as the
temperature was increased. Bhe dramatic increase from 35—4000 mugt he
regerded with suspicion since the segments became flaccid after 20-30 hours
at this temperature. It is likely, therefore, that the determination was
the rate of diffusion through a dead or dying segment rather than a true
estimation of transport velocity. The same criticism must be levelled
agalinst a veduction in the velocity of IAA movement through Zea root segments
L ot 319 to lmm h™t at 50°C (Wilkins and Cane,1970).
in view of this, 2500 appeared to be the oplimum temperature for basipetal

transport, in the 2,4=D/Pisum system, with a velocity of l.lmm h'l. 4L clear

from a maximum of 8mm h~

optimum temperature for esropetal {ransport was not found but the increase in
velocity with increasing temperature had levelled off at the 250 and, 3500

points to give a maximum of O.B8mm n~t,  Determinations of velocity of Mg
movement, such as {those reported ln this thesis, computed from segment length

and the time taken fox the first radicactive molecules to arxive in the receiving
blocks mey be inaccursie due o the possible hindering effects of 140
immobilisation at the cut surfaces and at the cellular level. Since it is
probable that the effects on acropetal and basipetal transport would be similar
there can be little doubt that the velocity of basipetal 140 movement in Pisum
root segments exceeded that of acropetal movement.

The quantity of radioactivity moving through the Pisum segments/unit time
ie. the flux, was computed from the gradient of the fitted regressilon lines
in figure 26, 35 dpm h_l moved towards the apical end of the segmenis at the X
optimun temperature of 3500, whilst the flux in the opposite direction was
only 1 dpm n™t.  In common with the velocity caleulations, the data for
40°¢ must be considered with caution as should the 5000 data for TAA in Zea
roots presented by Wilking and Camne (1970). The maximal flux of TAA in the

Zea system atb 1500 had no counterpart in the 2,4-D/Pisum systen.

It is obvious that the basipetal transport of 140 from 2,4-D(-1-140)
wag smaller but faster than the acropetal transport. This supported the claim
by Wilkins and Cane (1970) that a transient basipetal polarity of IAA
movement in Zea roots at low temperature and 5000 was directly attributable to

a low density-high speed 146 movement,

189



Yxamination of the receiving block data revealed that little difference
in block content existed after acropetal or basipetal transport atb 50 oxr 1500.
Indeed, by the end of a 60 hour experiment the level of 140 in the basgal blocks
at 5%, 15°, 25° or 35°%C did not exceed that in the apical blocks at 5° or 15°C.
1% is proposed that this was indicative of the purely diffusionsl nature of
the movement and that the increased apical block content at 250 ard 3500
resulted from a gtimulation of a metabolically~controlled tmanslocation system.
The data for Zea root segments under anaerobic conditions (Wilkins and Cane,
1970), however, would suggest that the acropetal, in contrast to the basipetal

transport retained a metabolic component at low temperatures.

A more complex situation was detected when the total 140 content of the
Pisum segments and receiving blocks was considered (figure 26). After a
60 hour transport period the baasipetal replicates at 10-3500 contained virtually
the same level of 140 ag the 10-1500 acropejal replicates. This indlcated
little involvement of metabolism in the bagipetal replicates since a 10%¢
rise in temperature is normally associsted with a doubling of the rate of a
metabolic process. The 152 2500 inorease produced this relationship in the
acropetal replicates. After 20 hqurs, the level of 140 in the basipetal
replicates exhibited & clear stepwise increase (approx. L% times) as the
temperature increased from 50-150, 150—250, and 250-55°C indicatingthe possible
involvement of metabolic processes in the initial stages of basipetal

transpoxri. The decliine in 14

C level in the basipetal replicates af ter the
25~30 hour point might be related to the cessation of the metabolic component
at that time, On the other hand, the contimued uptaeke in the acropetal
replicates at 250 and 3500 could well indicate the continued involvement of the
metabolic component.

Pigure 28 prevides a further illustration of the suggested metabolic
component in acropetal transport at 250 and 3500. 146 loss from donor blocks
epplied to the basal ends of Pisum root segments was greatest at 250 and 3500
whilst losses at 10-1500 were at the same level as those from blocks gpplied

apically at 1°-35°C.

Heports in the literature of temperature comparisons in transport
gtudies have put forwsrd varied viewpoints on the dependence of the system on
a supply of energy from metabolism. Keitt and Baker (1967) investigating g
export in to receiving blocks in an IAA/Phaseolus internode segment system

cleimed the implicatlion of a physical process eg. diffusion ,in the uptake and
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export of radiocactivity, whilst Christie and Leopold (1965) and Pilet
(1968) found that acropetal and basipetal transport in shoot segments

were me:tabolically dependent. MeCready (1968a,bh) disagreed and claimed
that & reduction in temperature in an 13A/Phas@olus vetiole segment system
regulted in a decreased basgipetal movement but an dncreased acropetal
novemente Keitt andiBaker (1967) expounded the same theory that a
decrease in the asetivity of the metabolilcally dependent process ought Ho
produce a n increase in the physical process by a cessation of reverse
transport by the active stream. A gimilar phenomenon could not be
detected in the 2,4-1/Pisum voot segment system (figure 26 ), which might
indicate a less pronounced metabolic component. Wilking and Cane (1970),
however, found a reversal of the normal acropetal polarify of 140 novement
in an IA&/@EQ 00t segment sysbem vhen the temperature was less than 1500.
This basipetal polarity also became appavent at 5008 when the segments would,
pregumneably, be dead and could easily be the resulit of a lack of active
acropetal <translocation. It was surprising thet these workers detected
guch a marked —mebabolic dependence of acropetal 140 movement at 100, but
metabolism accentuated the basipetal polarity.

14
'¢) earried out over a range

Thug, experiments with 2,4-D(~1l~
of concentretions and temperatures, or in an anserobic enviromment with
a metabolic inhibitor have demonsitrated a greater metabolic dependence

for acropetal than for hasipetal transpoxb.

The effect of white light on the Pisum root segment system was
not clearly defined (figures 57,58 and table 25), Apiecal receiving block
140 content was significantly reduced by exposure to white Light for 20
hours, whilst & 50 hour treatment had no effect. On the other hand,

a 50 hour treatment gave a significent increase in basally applied blocks
whilet the 20 hour treatment had no effect. The total 140 content of
the segments and the wecelving blocks ie. the total uptake, exhibited
slight enhancement in response to light in sll cases, but analysis
revealed thal only the 20 hour bagipetal treaitment had been increased
significantly. these data contrast sharply with those published by
Scott and Wilkins (1969), in which white, red and blue light

14
expogure of Yes root tissue supplied with IAA(-1-14G) increased the ¢
content of apical recelving blocks by up to 100%. Accumulation in the
bagal receiving blocks was not alfected. A comparison of tissue data Was
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not possible since the relevent resulis were not published by Scott and
wilkins. deverthelens, both the 2,40 and the LAA systiems were

stimuleted in the presence of light and the egual effectiveness of the

three diffexént vavelengths prompted the suggestion that & chlorophyll
pigment could be involved in the twapping of light enexgy. = A similar
proposal came from Thimenn snd Warddlew (1963%) after finding s reduction

in the polarity of TAA povement in Alasks pea internode gsegments was due

to the promotion of the acropetal flux by exposure to light. asductions

in the basipetal movement in responge to whitg/and/or blue light in the
aerisl structures of Avens, “es and Helilanthus were reported by Lam and
Leopold (1964), Shen~ifiller ei al (1969}, Shen-iiller and Gordon {1966)

and Thornton and Thimann (1967). The level of endogencus auxin

readily diffusible from %es coleoptile tips wvas reduced on exposure to

white light (Neqvi and Goxdon, 1967). Koevenig and Jacobs (1972) claimed
that planchette counters were not sensitive enoush to detect increased export
of léc into receiving blocks iam response to blue, red and farered irvradiation
of Coleus sten segments, Experience has shown the higher efficiency of
seintillation counting might not be so useful since the variability in the
background radiatbion of the vials hindered the detection of small differences

in count rate.

That Light was capable of stimulating the mechanisms by which
growth regulators ave trangported through root segments whilgt inhibiting
the transport through shoot segments was surprising, since shoots
possess a well-established energy trapping piguent system. The literature
revealed, however, that chloxoplagsts and chlorophyll weve not entirely
abaent from root structures. Fadeel (1962) discovered chloroplasts,
containing grans of the same size as those found in leaf chloroplasts,
mainly in the inner regions of the cortex of wheat, barley and flax roots.
Bjorn (1965) demonstrated that blue light was more effective than red
Light in stimulating the synthesis of chlorophyll a and b in excised wheat
roots, whilst a combination of the two resulted in an enhancement of

synthesis. This gynergism was not found in cucumber and pea roots, where
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blue light was the sole stimulating agent (Bjof&>énd.0dhelius, 1966) .

Clearly, the involvement of bilue and red irradiation in the enhancement of
chlorophyll synthesis and auxin translocation in roots indicated a close
relationship between the two phenomena, probably in the reception and traancr
of energy. Thimann and wardlaw (196%) concluded that the light effect was
fairly localised within the plant andﬁwas due to the local availability of
energy from photosynthesis. A further possibility, ofcourse, would be the
involvement of the red/far—red phytochrome system since measurable quantities

. of the pigment have been extracted from the roots of Alaska pea and

implicated in lateral root initiation (Euruya and Torrey, 1964).

Criticisms that an exhausted energy supply in root segments subjected
to 60 hour experimental periods might influence the resuits, prompted a
series of investigations in which an exogenous supply of potential energy
was provided (figal.3kand table2l ). rSta{;istical analysis revealed that’
20 or 50 hour sucrose or mannitol treatments produced no significant effect
on the level of 140 in apical or basal receiving blocks. The total 140
content of the segments and receiving blocks of the busipetal replicates
was Signifiéantly increased (***) by inclusion of 1.53% sucrose in the
donor blocks. This was not attributable to an osmotic effect since the
0.8% mannitol control (non-metabolisable osmoticum) was unchanged.
Alterations in the acropetal replicates in response to sucrose were
accompanied by correspondingly significant changes in response to the mannitol
controls. These data indicate that sucrose had little overall effect on the
uptake or movement of 4C following a donation of 2,4-D(-l—l C) except in the
50 hour basipetal treatment. This might indicate fhat the reduced level of
uptake detected in the basipetal replicates after the 25-30 hour point of
the experiments ih figure # and pagelHscould be due to exhausted energy
reserves., It is unlikely, however, that fluctuations of 140 uptake into
the basal ends of the segments, reported throughout this work, could be

related to a periodic availability of endogenous substrates.



In order to reduce the possibility of radioactive contamination of
the humidified chambers, acropetal and basipetal replicates were set-up
with apical and basal ends of the Pisum segments in contact with a lower -
donor block. {learly, it was essential to check whether or not this
refinement of the technique influenced the nature of the results by a
gravity effect. Increased levels of 140 could be extracted from the "tip-
upward" segments, with the exception of the 20 hour basipetal replicates in
which & significantly reduced level was found (figure,&hh@. The orientation
of the segments had no influence on the level of radiocactivity present in the
receiving blocks after transport pericds of 20 or 50 hours. This supported
reports in the literature that gravity had little effect on transport in
1AA/Lens and IAA/Yea root segment systems (Pilet, 1965).  In contrast,
Nagvi and Gordon (1965) and Little and Goldsmith (1967) detected an inhibition

of basipetal transport of TAA whenever Zea or Avena coleoptile segments were

inverted with respect to the normal orientation. It is clear, however, that
whilst the orientation of Pisum segments influenced the level of 140 within

the tissue, there was no effect on the movement into receiving blocks.

The practice or decapitating shoot segments has been employed
extensively in physiological studies to provide segments lacking an
endogenous supply of auxin. Since the root tip has never been shown to be
a definite site of auxin synthesgis, presumeably detipping guaranteed an
A unimpeded entry of the applied compounds. The use of these segments (fig. 40 )
revealed that the root tip presented no barrier either to the uptake
of J'4() by the basipetal replicates or the export of 140 into the apically
appliced receiving blocks of the acropetal replicates. Scott and vilking
(1968), however, claimed that the presence of Zea root apices prevented the
export of radioactivity, from IAA(-1-14C), into apical receiving blocks. A
30% enhancement of uptake was recorded ia thie basipetal replicates of the
2,4nD/g;§gm root segment sysilem when the tip remained intsct. Most of the
additional radicactivity was found in tissue nearest to the donor block.
This retention was most likely related to the small {lux of radioaétivity
moving through the basipetal treatments, which would be unable to cope
with the translocatlion of higher levels of 140. Alternatively, immobiligation
of radioactive molecules might be greater in the apical cell division zone
of the root, but this proposal was not supported by the fact that acropetal
movement through the same region was unimpeded. Calculation of the acropetal/
- basipetal ratios for the %0 hour data showed that the polarity in uptake was
reduced from 6.3 to 4.2 when the tips.were intact. Accumulation of 14C in
receiving bLlocks was also less polar, with the ratio changing from 2.1 to
1.4. Clearly, the effect on polarity was dve directly to the stimulation

of the basipetal uptake and itranslocatory mechanisms.,

-3




There can be little doubt that the detailed appraisal of the Pisum
root segment system presented in this thesis has uncoveréd several factors
capable of influencing the precise nature of the polarisation of herbicide
movement., Lxperiments were carried out in order to determine whether the
the movement detected in the segments adequately reflected the pattern of

movement within the intact seedling

Application of radloactlve donor blocks either to the root tip or to
root/hypocotyl region demonstrated a clear polarity of 2,4-D movement

toward the apex of the intact root (fig. 45). The herbicide arrived at the
apex within ten hours' of application, indicating a minimum velocity of

5.0mm h-l, and continued accunulationcyualised the levels in the central ard
apical % regions of the root. In contrast to a report by Scott and Morcis
(1970) who immersed pea roots in herbicide solution, a build-up of l‘C in
the apical region of the root was not detected. Although the radiocactivity
supplied to the root tip was confined to ihe zone of donation, possibly by
the eclongation of the rooi, an appreg%abie movement from the root/hypocotyl
region into the plumule and cotyledons was found. This accounted for up to
10.5%% and 4.%% of the total uptake in the plumule and cotyledons respeciively.
The rapid growth of the shoot during the experiment would facilitate even
passive movement of molecules into the aerial structures.

When the herbicide was supplied to the root tip of the Pisum seedlings
as an aqueous solution, a rapid basipetal movement, verified by chromgtography,
took place in white light and darkness (figure 4%). LKadioactivity could be
detected throughout the entire seedling within 30 minutes, at which time the
combined root and shoot length in light and darkness were 35 and 38 mm
respectively, indicating a velocity of at least 70mm h A significant
difference in seedllng content of 40 existed at the 4 and 5 hour determinations
when the dark treatment was 2.2-2.,5 times greater than the light treatment.
14

Similarly, light-dark differences in the 'C content of the plumule or

cotyledons was detectable after 4 or 5 hours. The reason for the reduced
content following light exposure was not apparent but hinderance of the 140

flow by photosynthates translocated from shoot to root was possible, although
unlikely over the short time scale. The feagibility of this proposition was

supported by the indirect evidence {for the movement of the

-

herbicide in both the phloem and the xylem (fig.4%, tabledO4), An interchange

s



of 2,4~-D molecules from the xyiem Lo the phloem, in the manner described

by Bowen and Wareing (1969) for kinetin and GA in Salix viwminalis, would

Y

perinit interaction of movement. Kendall et al (1971) discovered that
from labelled-TAA solution applied to the root tips of Pisum scedlings
accumulated in the cotyledons which, in common with the present study,
indicated a movement againsi a counter current of metabolites. The majority
of the radiocoactivity was confined to the roots and the first internode,
whilst Davies and Mitchell (1972) could detect no movement into the aerial

structures following a donation to the root tip of Phascolus coccineus.

Donation of the radiocactive cempound: 20mm away from the root tip , however,

14

resulted in basipetal movement of ~'C into the shoot and acropetal movement

intc the root, which confirmed the findings for 2,4-D. A build-up, in the

root apex, of 140 and jH from labelled IAA applied to Pisum and Phaseclus

was not typical of the data for 2,4-D (Konings and Cayadin, 1Y71; Davies and
Mitchell, 1972; Iversen et al, 1971). The same workers calculated a velocity
of approximateiy Tmm h"l for the movement of 140, but Davies and Mitchell

(1972) claimed a reduction to Zmm n-t

after 6 hours, which was identical fo
that of 2,4-D. Konings and Gayadin (1371), however, reported that the
velocity of acropetal movement ol TAA in pea roots would be several cm h_l
but the validiiy of the results were questionable due to the use of red light
during the experimental manipulations. On the basis of the root segment
experiments the velocity of IAA movement would be expected to be greater tnan

that of 2,4=D (McCready and Jacobs, 1963).

The rapid degradation of the IAA molecule within the tissue made the
interpretation of the data and comparison with the 2,4-D data very diflficult.
Iversen et _al (1971), for example, found that 40% of the 14g present in
Phaseolus roots after 1 hour was lost after 2u hours, but they neglected to
report that only 0.4% of the 374,000 dpm injected into the root could be
accounted for at the 1 hour point. It was possible that part ol the activity
could have been translocated. into the plumule, which the authors did not
sample, but more likely that part of the massive 1lU nl injection dripped

away from the root.

Most workers agree that indole acetyl aspartic acid and indole=3-
aldehyde are formed and translocated readily within the plant {Morris et al,
1969; lorxis, 1909; Iversen, 1971; Kendall ct al, 1971). Basipeial

" . . . I . - .
movement of 4C in Phaseolus coccineug consisted exclusively of radiocaciive
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netabolites, whilst the acropetal wmovement was malnly thet of the IAA
donated, indicating a differential degradation in the two translocatoxy
systemns. It was obvious that a detalled chromatographic analysis would
be necessaxy to achieve a clear understanding of TAA and TAi-metebolite
movenenl dn intact seedlings. The extrene stability of the 2,4-D
molecules (table 45), however, ensured that the detection of 140 in
Pisun seedlings veflected the presence ol the herbicide molecules and the
calculation of wvelocities was not alfected by degradation to such a

great extvent.

Aeports in the literature show that 6~L7% of the 2,4~DQ-1-14C)
applied to Viecids woots and Phaseolus leaves reppectively was released
as 1460? in 3«4 days (Feng et _al, 19513 Canny and Mavkus, 1960). A
releasa“of 2265 of the original 14G within 1% days was recorded in ‘
Phageolus seedlings with 2,4»@(«1-1ﬁc) but an application of 2,4~D(~2~14C)
resulted in a three-fold reduwetion in evolution (Weintraub, 1952).
Application of the —GH2 labelled compound produced a two-fold reduction

of evolutlon in Sorghum and Uossypium (Morgan and Hall, 1Y63). This

pointed to a gequentlal degradation of the acetic acld side chain of tHhe
molecule commencing at the (GO0 group, in a similar nanner to thai
reporbted in this thesis for {the pisum root segment system. In contrast,
however, Canny and Harkus (1960) found no difference in 146 evolution on
applying the herbicide, labelled in either position, to the roois of
Vicia. The possibility thot microbial action could lead to the release
of 602 prompied Kendall et al (1971) to examine evolutbion from pea
seedlings cultured under sterile conditions. #got bips were placed in
gsolutions of YAA but Lloss of radicactivity still cccuwrred under lhese
controlled conditions. They detected a 365 and 1794 loss of the initial
donation after 2 days in white Llight and darkuess respectively.

Therefore, = release of 14302 from the Pisum seedlings provided with

2y 4o ip(wla® '

biological and experimental error.

40), of the same order as the examples, would give a substantial



Chromatographic analyses of methanol or ethanol extracts from root

,140)

segments or intact roots of Pisum gativum supplied with 2,4-D(-1

showed the compound to be relatively stable within the plant system.
Autoradioagraphs of paper chromatograms, run in iso-propancltammonia:water
(10:1:1), revealed that 1-29% of the applied radiosctivity appeared as
radioactive compounds running immediately in front of and behind the major
2,4-D spot (table 28). " Phese compounds were not detected by scintillation
counting, but this was not surprising since low levels of radiocactivity
might easily be masked by the wvariability in background radiation of the
glass vials. 7The presence of the compounds after using the herbicide
labelled with l4C in either position on the side chain would indicate that
sequential degradation of the acetic acid moiety was not operative. This

14

was not supported by the data for 7 'C evolution from the segment system
(fig.51b) which demonstrated a ten~times greater loss after using the -CQUH
labelled compound than after using the mCHz labelled compound. Analysis of
extracts from further experiments carried out over periods up to 60 hours
revealed no substantial evidence for metabolic degradation of 2,4-D, but
occasionally the compounds from the segments and receiving blocks were not
purely 2,4-D (table 29). A similar absence of degradation was found when
extracts of roots of intact Pisum seedlings were prepafed (table 45).
Hovever, extracts of roots supplied with the radiocactive herbicide for 24
hours followed by drainage into distilled water or unlabelled-2,4-D revealed
the possible presence of a metabolite. Interpretation of these results must
be undertaken with caution since it is conceivable that the nature of the
compounds could be altered during the extraction proceedure or during the
running of the chromatograms. The laiter point appeared to be likely
Judging from the fact that radiocactivity which, in theory, had been applied
to the chromatograms could not be recovered completely on termination of

the experiment.

Identification of the radicactive metabolites was not attempted, but
it was probable that the compounds extracted from root segments and intact
roots could be conjugation products with amino acids, proteins, sugars etc.
Reports of such metabolites in the literature were numerous and revealed
that . mild hydrolysis released the free acid from extracts of whole plants
treated with the herbicide (Jaworski and Butts, 19523 Jaworski et al, 1955;
Bach, 1961; Butts and Fang, 1955; Canny, 1960; Morgan, 1963; Holley, 1952;
Thomas, 1964b). McCready (1963), however, found little evidence of 2,4-D
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breakdown in receiving blocks applied to petiole segments of Phaseolus
and only a minor metabolite in the tissue. Thus, it would appear that 2,4-D
was relatively stable against the degradatory mechanisms of plant tissue

segments.

I+t was surprising that 2,4-D underwent so little transformation in
the Pisum experiments, since similar experiments with IAA, reported by seversl

authors, revealed a great capacity for degrading exogenous compounds, in this
particular tissue. Hillman and Phillips (1970), for example, had great

difficulty in interpreting the results for the transport of IAA(~2-14C) in
Pisum root segments due to the confounding effects of spontaneous breakdown
within the donor blocks in addition to enzymic degradation within the tissue.
Using intact Pisum seedlings, Kendall gﬁﬂgl (1971) concluded that light had
little effect on the uptake or distribution of 140, but tended to increase
the decarboxylation of IAA(-1-14C) whilst a ring-labelled IAA was not
decarboxylated. A similar view was asserted by Iversen and Aasheim (1970),
who claimed that IAA degradation could be stimulated by non-biclogical factors
such as phosphate or heavy metal ions or by biological enzyme systems. This
paper must be criticised for the lack of data on which the conclusions were
based. The products of IAA degradation in these works were similar , the
most common being indole acetyl aspartate which indicated that amino acid/

growth regulator complexes were produced by the Pisum system.

There can be little doubt that adequate interpretation of the
movement of 14C-tracer compounds is possible only when a detailed knowledge
of the carrier molecule ig available. Since 2,4-D underwent little
degradation within the whole plant or in root segments, the presence of 140

was an accurate indication of the location of the herbicide molecules.



The present investigations have defined several aspects in
which the rool segment gystem proved to be more complex than was
aopreclated by many of the earlier worzkers studying the physiology

of growbh-substence transport.

Acropetal polarisation of herbicide movement evident in the
oot segments of Plsum had a counterpart in the roots of the intact
seedlings, provided that the compound was supplied in agar blocks.
an agueous donation on the other hand, resulted in a rapld basipetal
movement of 2,4-b from the intact root apex into the plumule. Thig
enphasised the inevitable difference in transport characteristics
revealed on application of the compound by different technigues.
Fuvthermore, a difference between the intact seedling and the segment
gystem must be expected after altering the normael properties of the

phloen and xylem by excision of the segments.

Any indication of traunsport polarity given by the root sezment
system must, therefore, be intervpreted with caution. Although the
technique might be considered acceptable in the identification of the
general pattern of l£ﬂ movement, it could never be used as a
guantitative extrapolation of the mechanisms present within the whole
plante This 1is not surprisging if the system ig regarded in tiue
perspective as a dameged segment of plant tissue separated from two

agar blocks by a layer of dead ox injured cells.
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