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o ABSTRACT
This study providgd information on translocation in Heraclewn.
By the use of a sensitive counting method using Cab-0-Sil1 it was possible

to demonstrate that the advanéing firont of the profile of radioactivity
14

in periods following 1ocq]ized Tabel 'q for 5 min with CO2 was of
wavy form. These pu]ses'were apparently produced by the labeling
technique in which elevated COé concentrations perturbed steady-state
conditions and caused oscillations in labeled metabolite pool sizes
and loading rates of labeled translocate into veins. Nounding the
petioles caused inhibition of translocation in vascular bundles in

the vicinity of the wound, with the primary effect being located above
the site of the wound in the region of the junct{on between primary

14

“and secondary petioles. This was incicated by profiles of " 'C in

petiole sections and by autofadiography. A varietyxof treatménts
failed to overcome this inhibition. Sugar beet petioles were found
to be less sensjtive to wounding than H;;bcleum petioles. Isolated
ph]oem loops of Herczlewnm transported tritiated water and~(U—]4C)
sucrose in a manner which proved to be ion-physiological. This:
became very evident when simila transport data were obtained for

the movement of tritiated water along polyester threads. It 1is

postulated that tritium'nuclei from tritiated water moved in phloem

loops and polyester threads along solid-1liquid interfaces'according
to their own chemical potential gradienté. Measurements of water
potential énd its component potentials for leaf blade and petiole
phloem of Heracleum indicated that water moved passively from the
leaf mesophyll to the phloem, while sucrose may have moved actively.
Light quality appeared tb have no effect on the nature of the

the trans]océtey or the translocation profiles in Heracleum,

oo
\ 3
\\ 1v
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A mountain having labour

With clamor rent the air.

fhéyﬁeighbor: who came running:

\

Predictéd sHe would beaf
A city broad as Paris

Or at least a mahorlhouse,
But.at the crucia]lmomeﬁt

The mountain Aropped a mouse.

How 1ike so meny authors
who say fhey']] set to paper

A vast Promethean epic

, But all that comes is vapor.

" Jean de la Fontaine

1621 - 1695



. INTRODUCTION

The translocation of assimilates in the phloem oi ‘igher
plants remains one ¢’ the most enigmatic subjects of plant
physiology. However this does not imply that there has not been
a great deal of research, both theoretical and practical, covering
all aspects of the field. Despite'impro?ements in analytical
instrumentatfon and sample preparation teciiniques coupled with the
use of more manipulable plant species, no clear consensus on the
mechanism of translocation has géged. The discussion still
centers on the nucleus rovidec .y the work of MUncﬁ (1930), and
much of the later work is co~ red to this ref.rence point.
| The topic hés be~n well reviéwed in several recent books and
értic]es. Crafts and Crisp (1971) provide the most comprenensive
review but they interpret all data which they cite in tgrm: of a
mass flow mechanism. Canny (1973)>prOV’des a less comprehensive
review based oh the more controversial activated diffusion hy othesis.
The most objective review in terms of mechanism i. that of
MacRobbie (1971). More specialised re.iews have also been pub]ished.'
- Eschrich (1970) surveyed the literature relating to the L :ochemistry
and fine structure of phloem. Both of these topics haie been
the subject of more recent work. Great advances have been made “n
the understanding'of the bioghemistry'of P-protein. - Concomitant
with. this has'beeﬁ an increase in information on its fine structure
and cytochemistry:(Cronshaw et al.,1973; Gilder and Cronshaw, 1974).
The gnatomy_of phloem tissue has been the subject of a book by
Esaq,(1969).

Weatherley and Johnson (1968) discuss the relationship

4
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between form and function in the sieve tube. This has been
fol]owed up with specific papers on the nature of m1crof1]aments in
sieve tubes. Johnson (1973) gives evidence for the absence of
membranous transce]]u]ér'strands and the presence of microfilaments
in translocating phloem. Weatherley(1972) discusses the implications
of microfilament distribufion as it relates to a translocation
mechanism, with-speciaI emphasis on the sieve plate pores. Lee
(1972) provides an additional analysis on the possible significanée
of microfilaments in surface flow mechanisms. '

Recent literature reveals a resurgence of interest . in a
number of other pbssib]e mechau}sms of trans]ocation than that of
Miinch, anu in providing models in'supporé of these mechanisms.
Thaine has revised his preuious protoplasmic streaming hypothesis
(Thaine, 1964) in favour of a mechanism of cytdp]asmic pumping
(Tha1ne,fJ969 ) based on observations of transce]]u]ar strands by
Thaine et al. (1967) and Tha1ne and DeMaria (1972). The cytoplasmic
'pump1ng method has been analysed quant1tat1ve1y by Aikman and .
| Anderson (1971). Protop]asm1c . .reaming has also been revised as
a model by Miller (1973) o

The problem of flow 1n tubular semi- permeable membranes has-
given rise to several artificial models. Eschrlch et aZ.(1972),
on the basis,of their model suggest replacing the concept of
pressure f]qwhin Miinch type systems with that of volume flow.
Weatherey (1973) has taken exception to this and has proposed the
more neutral term "Miinch flow" to overcome objections relating to

the inability of a hydrostat1c pressure gradient to cause flow

through the sieve .ubes. waever this suggestion has not been

kN
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regarded favorably by Young et aZ.(1973). Lang (1973) in his
senyi-permeable membrang model retains the concebi)of a hydtdngtic
pressure gradient. The model of Christy and Ferrier (1973) also
relies on such a gradient.

A recent deve]ohment has been the use of Heraclewn species
to provide experimental systems for the study of translocation,
because of the ease with which thé vascu]qr bundles of the petiole
.can be dissectqd out. The xylem and phloem in thedbundles can
also be readi]y\géga?ated. Ziegler (1958) first used isolated
bundles d% H. mantegazzianum to study rates of respiration in
vascular tissye. He also noted the ability of an isolated phloem
loop to sTowly transﬁait ]4E;sucrose and fluorescein K, when they
were appljédi#éiﬁﬂébbﬁper end of af]oop. Ziegler and Mittler
(1959) used abhfds to sample sieve tube contents of H. mantegaézianum.
Sucrose was the only compound found .in the Qphid exudate at a
conéentration_of 24%. Ziegler (1960a) carried out an electron
microscope study of this species and noted the ab§enee'of
mitochondria in conducting cells of the ph]oéh, and tﬁe preSane'
of endoplasmic reticulum which continues throuéh the sieve plate
pores. In a later paper, Ziegler (1960b) also reported on the
presence of UDP-glucose in the phloem which he suggested might serve
as a precursor of callose. Ziegler and Vieweg (1961) used a heat
pulse method to derive a speed of solute flow in-phloem loops of
H. mantegazzian;m wﬁ%ch they found to be between 35-70 cm/hh,
UlTrich (1961) used phloem loops df H. sphondylium and showed the 4

presence of intensive anaerobic respiration in them which was

stimulated by 0.1 M sucrose and inhibitéd by 0.01.M HCN. These



\‘servationsiled, in part, to'his hypothesis of a peroxidase-based
vespiration system in phloem.

Further work has been carried out mainly by Fensom and his
co]]eagueé. Fensom et al.(1968) reported the existence of moving
- particles in living sieve tubes of 4. mantegazzianum. These have
been discuséed at gfeater length by Lee etlal.(]97l) and have
been the subject of a cine film (Lee et aZ. 1970). The ultrastructure
of the moving pafticles in phloem loops of H. sphondyliwm was
described by Robidoux et al.{1973). Experiments involving
microinjection of‘tracers into sieve tubes were carried out by
Fensom and Davidson (19702 using isotopic tracers;kénd by Barclay
and Fensom (1973) using céfbon black as a tracer. Microinjection
into the sieve tubes has also allowed electrical measurements to be
taken, but the interpretation of the data derived varies between the
two published reports of these studies (Tyree and Fensom, 1970;
Spanner, 1970). The research in Fensom's laboratory on Heracleum
has culminated in a'microperistaltic theory of translocation being»
prdposed (Fenéom, 1972) based on the contractfon of microfibri]]dr
material to provide a motive force for assimilate movement.

It was hoped in this study to\obtéfn a better understanding
about the nature of translocation in wounded petioles and phloem
loops. Phloem has beeh_wide]y regarded as a tissue which is very
sensitive to manipulation, and the process of‘isolatihg phloem loops
from petioles would normally be considered é rather drastic
procedure. Thé apparent existence of an active translocation
mechanism dr mechanisms in phloem loops was, therefore, of great

interest. However, the work of Ziégler and the work in Fensom's

laboratory had only indicated the movement of isotopes applied



externally to the phloem loops or microinjected into them, while
the natural introduétion of isotopié tracers via ]4C02-fixétion
and Qein-]oading of 14C assimilates had not been examined. It
was, therefore, important to obtain data on the translocation of
]40—]abe1ed compc :ds loaded normally into phloem bundles of

unwounded petioles. These would serve as controls to assess Epe
14

effect of the wounding of the petiole on the trans]ocation of C-
labeled compounds loaded. naturally infb isolated phloem loops. At
the same time the degrees 'of slime plugging (i.e. plugging with
P-protein) and callosing, which are widelv = - rded as indicative
of phloem injury (Crafts and Crisp, 1977 ), w 2 “ollowed. Some
of thesé results have already been publis~~4 (“oddinott and Gorham,
1974). | |

The Heracleum species chosen for the present study was
H. lanatum Michx. as it was native to the Edmonton area and readily
‘available. A£tempts were made to germinate H. mantegdzzianum
and H. sphondylium from seed, but these were unsuccessful.
Professor Fensom kindly provided rootstocks of A. mantegazé%anum
but these could not be multiplied rapidly enough to provide
sufficient experimental material. H. lanatum has ph]oem>which can
be readily detached from its petiole like H. mantegazzianum, so it
was régarded és suitable for the proposed work.

In early experiments, Beta vulgaris L. was used due to
the initial unavailability of Heraclewn plants. The petiolar
bundles of sugar beet anastomose frequently and are more firmly

attached in their surrounding parenchyma than those of He{gcleuh.

" These experiments were designed.to test the effect of wounding



.\/-'
the petioles of a different species on the process of translocation
through them. |

The water relations of the translocation process in isolated
loops were examined by determining the component potentials of the
tissues involved, to see if they could be related to vein-loading
and Muh;h flow as postulated by Weatherley (1973). The growth
chambers in which the experiments were carried out were veadily
modified to permit a study of the effects of light quality on
translocation. This was done in an attempt to find anyrelation
between lighf quality and a pulsed mode of transiocation of the
kind first noted in intact petioles by Nelson et aZ. (1958) and in
ph]oém Toops by Fensom and Davidson (1970).

The thesis is divided into four main experimental sections .
relating to experiments performed on intact and wounded petioles,
the effect of 1ight quality on translocation. the transport of
externally applied isotope in isolated loops, and the water relations
of translocation. Each section will be self-contained with its own
introduction, results and discussion. General conclusions derived

from the four sections are presented at the end.



MATERIALS AND METHODS

A. Chemical and Instrument Suppliers

\ .

The sources of -isotopes, chemicals, special materials and
yinstruments are given in Appendix A. Other pertinent information
will be given at appropriate places throughout the text.

B. Culture Methods

The growth conditions of Heracleum lanatum Michx. and Beta
vulgaris L. var. Klein Wanzleben are described in accordance with
the American Society of Horticultural Science's Committee on Growth
Chamber Environments "Guidelines for Reporting Studies in Controlled
Environment Chambers" (1972).

Plants were grown in Environmental Growth Chambers Inc.

Model M-Z,chambers equipped with a Plexiglass lamp barrier. Light
cycles 5; the chambers varied for tbe two species. For Beta, two
hours with 4 x 60 W incandescent lamps giving 5.3 uE/m /sec, two
houﬁé' h 10 x 60 W 1ncandescent lamps with 8 x 1500 ma Cool white
fluorescen® lamps giving 70 uE/m /sec, eight hours with 10 x 60 W
incandescent and 24 fluorescent lamps giving 400 uE/mZ/sec, two
hours at 70 uE/mZ/sec, two hours at 5.3 uE/mZ/sec and. eight hours
darkness. A]] ‘Tight changes were abrupt. For Heracleum the
lighting was similar except for the reduct1on of the 400 uE/m /sec
light period to two hours, with a corresponding increase to five
hours in the 70 uE/mz/sec light periods. A1l Yight measurements
were made with a Lambda LI 185 meter and LI 1925 quantum sensor
which measures photqsynthetica11y active\radiation from 400 -to

700 nm. Light measurements were made at canopy héight which was

approximately 100 cm from the lamps.

7" | .



The air temperature, meashred with resistance thermometers, was
constant at 20 C for Heracleum. Ef?r Beta during the 16-hr light
period the temperature was 20 C and during the dark, 15 C.
Temperature changes were achieved gradual{y’over a one-hour period.
The relative humidify. measured by dew point sensors, was
maintained at 70% at all times fér both species. The air speed
at the canopy level was 1.609 km/hr measured with a Hastings Air
Meter, RB1 Series 89. Fresh make-up air was provided at the rate
of 10 changes per hour.

Attempts to germinate seeds of H. mantegazzianum and
H. sphondylium from various suppliers proved unsuccessful. After
imbibition for various times, with and without scarification of the
testas, followed by planting in soil, the seeds failed to show
significant germination. Stratification or heat treatments also
had no effect on the rate of gefﬁination. Imbibition in O.SZmM
indoleacetic acid or gibberellic acid A3 solutions had no effect
on the germination rate. The poor germination rate was attributed
to the general lack of viable embryos. Subsequently additioné]
information on Heracleum seed dormancy became available (Stokes,
1952a & b). It was decided to use nétfve H. lanatum plants as -
the phloem in their petioles was easily dissected out and'they were
readily available in the Edmonton area. A leaf is diagramed in Fig, 1.

Heraclewn plants were grown in soil in six-inch pots after
being collected from roadsides near Edmonton. They were watered
three times a week, twice with distilled water and once with
Hoagland's so]ution containing iron as FeEDTA. Plants were kept

pruned to three leaves to keep them vegetative.
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Beta seeds were germinated in wet Verﬁitu]ffe for two weeks
in the growth chamber. Seed]ings with white hypocotyls were then
transferred to two-liter plastic pots cbhtaining Hoagland's solution
with iron as FeEDTA. The nutrient solution was aerated continually
and changed weekly. Between nutrient chgnges the pots were kept
topped up with distilled water. The plants were used after they
had been in nutrient solution for six weeks.

Experiments involving 14CO2 fixation, net assimilation aﬁd
stomatal diffusion resistance were carried out at 20 C and 70%
relative humidity in a special Environmenta] Growth Chambers Inc.
Model M-3 chamber attached to a fume hood exhaust. The Tight in
the chamber was normally white, but.by interposing coloured
cellophane f%]ters above the clear P]exigTass barrier between the
lamps and the growing chamber, the spectral distribution of the
white light could be altered as needed. The irradiances used
with the various colours were determined on a quantum basis, and
also on an energy basis using an Eppley pyranometer. The spectral
qua]%ties of thekyarious colours were also measured with aﬁ ISTO
spectforadiometer. h

C. Isotope Application Techniques for Translocation Studies

When ]4C02 was applied to a whole leaf og a part 6f a leaf
of either species it was a general practice to cover the petioles

with aluminum foil. This was done wherever possible to ensure.

14

that there would be no fixation of CO2 by the petiole. Three

methods of application of:isotope were used for various purposes:
1. Whole Lamina Application - P

The method used to offer ]4C02 to the Teaves of Beta and
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\
Heraclewn was based on that of Mortimer (1965). A lamina of Beta
or the three leaflets of the compound leaf of Heraclewn were
enclosed in a polyethylene bag and sealed around the top of the
petiole with fhe aid of a collar of Terostat VII and a wjre tie.
A length of thin polyethylene catheter tubing, 1.5 mm OD;\Passed,

14

through the Terostat. The CO2 was generated in a 50-ml Ayringe

by the mixing of a drop of concentrated sulphuric acid and a

measured volume of stock NaHMCO3 solution as the plunger was

being gradually withdrawn; The']4

CO2 in the syringe was discharged
through the catheter tubing into the bag surrounding the leaf blade.
‘To ensure good mixing of the gas durihg thelfixation period the
syringe was pumped gently. After the standard two—minutg fixation

14

period the bag was removed and the assimilated CO2 was allowed to

translocate for additional periods of time, as indicated, with the leaf

14

blade in normal air. Routine experiments used 70.72 uCi of ~'C and the

experimental fimes_stated include the two-minute fixation period.
~When ph]oém loops were dissected free from the petiole
(Ziegler, 1958) but left inside the ho}]ow petiole, it was possible
to cover the petiole with aluminium foil. However, if the incised
petiole and loop were to be exposed to a bathing medium during the
experiment this precaution could not be taken. Bathing fluids,
when. used, were pumped onto the wounded_petio]e continuously by a
perisféftic pump through‘a Tygon tube of 1 cm 0D.
2. Application to Localized Areés of Leaf |
To enable ]4C02 to be offered to a more restricted area Qf
the lamina a special cuvette was constructed; The cuvette consisted

of a cylinder of glass, one centimeter high and one centimeter in

“diameter, with an outside flange on the bottom to allow application -

10
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of silicone grease as a sealing compound. The other end of the
cylinder was enclosed by the tip of a finger from a rubber g]oVe
which formed a hemisphere approximately 1 cm high. A small side
arm on the cylinder was closed with a serum cap through which
projected the tip of a number 18 hypodermic needle. The needle
was in turn attached to a five-centimete} 1éngth of tubing of
five millimeter O0D.
Generation of ]4C02 was carried out in a 2-ml1 syringe

which was attached to the tubing from the side arm of the cuvette.

]40 was used. The syringe was pumpéd

Routinely, 70.72 uCi of
several times during the two-minute assimilation period to ensure
good mixing of the gasses in the cuvette and syringe. The rubber
hemisphere on the top of the cuvette served as a pressure relief

while the syringe was being pumped and prevented :he buvette

14

from becoming ‘detached from the lamina. The application of " 'CO

2
was always to the lower epidermis of the leaves of both species as
,epidgrma] strips showed this surface.to have the Qreatest number \
of stomataxper unit area. It also ensured that there was a
minimum of interference, by the cuvette, to the Tight impinging
on the leaf. At the end of the assimilation period the syringe 
plunger was drawn back, the cuvette was detached from the blade,
closed with a sheet of plastic and_rapid]y.reﬁoved‘from the chamber
to a fume hood alongside.
3. Extérna] Application to Isolated Phloem Loops

Thié technique:was used to apply isotope to :solated phloem

"loops of Heraclewn prepared as described by Ziegler (1958). Phloem

Toops, still attached to the plant, were lifted clear of the petiole
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and the whole plant was placed in a horizontal position. The
petiole, with its attached phloem loop, was supported on a glass
sheet. Filter paper flooded with distilled water was usually
inserted between the loop and the glass. At the mid-point of the
loop a 1.0 cm2 enclosure of lanolin was built on the glass slide
aid the loop was laid across this. The loop was sealed in position
by a second layer of lanolin. Isotopes were applied as aqueous
solutions of known specific activities to the portion of the loop
| in the ]aﬁo]in enclosure. This method is simi]arA;o that of |
Fensom (1972). In experiménts where the time of application of an
isotopé was greater than several minutes the lanolin enclosure was
covered with a glass cover slip to minimize evaporation.

In a few experiments, the fi]tér paper on which the phloem
loop lay was moistened with various aqueous media, or the wet
filter paper was replaced by mineral oil. ‘ |

D. Callose Fixation and Staining

To study the distribution of callose in isolated loops it
was important to .obtain adequate control samples of phloem frqm
unwounded petib]es. The unwounded control tissue was prepared
by freezing intact petioles in liquid nitrogen and breaking sections
into cold (-10 C) FAA (formalin: écetic acid: 50% ethanol,
5:5?90 by volume) fixative. When the;petiole sections had thawed
the phloem was dissected out under the cold fixative and left to
fix for four hours.. The fixative was then washed out with water
and the tissue stained for callose. Phloem from isolated loops
was either fixed with cold FAA while attached to the petiole and

then detached for staining, or stained without fixation while sti]i;

-
.

/
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attached. ‘
Phloem was stéined with 0.005% aniline blue in phosphate buffer

at pH 8.2 (Jensen, 1962) and callose fluorescence was observed with
a microscope with an ultraviolet 1light source. The UV Tight

passed through a UGl transmission filter and.a K430 barrier filter.
The diachrome detection method for callose (Eschrich.and Currier,
1964) involving a resorcinol blue stain pfepared'from resorcinol

and ammonia was also used.

E. Isotope Counting Methods

Liquid scintillation counting‘of labeled segments of plant
tissue was carried out using a scintillation fluor cpnsisting of
p-dioxane 400 ml, anisole 100 ﬁ], 1,2 dimethoxyethane 100 ml, PPO
4.5 g and POPOP 6.5 g. MWhen portipns of isolated loops subjected
to external application of i;otope were being counted the samples
were placed directly into the fluor. This included the section from
the zone of app]icat{on'which was not rinsed. For sections of
petiole that had been loaded with isotope by normal translocation
it was necessary to improve the counting efficiency as the thick
petiole caused significant self absorption. After translocating
for the desired length of time the petioles were cut into one- .
centimeter sections with a multibladed cutter; and frozen in liquid
' nitrogen. The samples were then ground up in indi%!’hhl»mortars.
The ground samples were washed, with the aid of the fluo;, into- -
scintf]]atidn via]s containing Cab-0-Si1 M5. This preparation.
ensured that the ground particles of petfo]e remained suspended in
éhé fluor to allow maximum‘counfing efficiency.' Quench correction

curves for the Cab-0~Si1 counting technique were prepared by
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suspending ground o:.e-centimeter segments of unlabeled petiole in

14

Cab-0-Si1 with a known volume of a 'C internal standard. Increasing

quantities of water were added to the vials as a quenching ageﬁt
and the efffciency of thé method was determined with the aid of an
external standard in a Nuclear Chicago Unilux II scinti]]ation
spectrometer. | ’

In experiments where the efflux of externally offered
isotopes from phloem loops was béing determined, the Toops were
washed for known lengths of time in a serieﬁ'of 0.5 ml aliquots of
w.ter. The washings were then transferred.by Pasfeur pipette to
vials containing fluor for counting.

When isolated loop segments weré being counted, the vials
- were precounted\wfth fluor for 10 min to obtain aAbackground count
rate for each individual vial. Aﬁter.the sample had been added,
the vial was counted for 10 min to obtéin a gross count rate.. The
-jhsignificance pf;a count rate in a sample Qas determined by the

fo]]owing equ&tion:

Standard Gross sample Background

deviation _ count rate -, count rate
~of net Gross sample Background
count rate count time count time

For example, a sample had a‘background count rate of 25 cpm
-determined in a 10 min period and a gross count rate of 32 cpm
determined in a 10 min period. This gave a net count rate of
7 £ 2.39. ‘\‘ . .

However, if the ratio-of the gross count rate to. that of the
background count rate‘is‘appr9ximate1y 1.2, the background counting

time,needs to be 175 min and the sample counting time to be 191 min



to obtain a 10% standard error in the net coupt rate (Wang and

Willis, 1965). ' °

F. Autoradiography N

N
e,

-

In this study use was made of both freeze-drying and fréezé-
substitution methods. The freeze—drying method was a modification
of the one described by Perkins et al. (1959) used by Trip and
Gorham (1967). The freeze-substitution technique was based on the
method of Fishef and Housley (1972).

In the freeze—dryihg experiments, local areas in the basipetal

ends of Beta leaves were exposed to 42.6 uCi 14

CO2 for two minutes.
Assimilated isotope was then allowed to translocate for a further
28 min. Large/ggtio]e sections from the labeled leaves were
rapidly frozenv}n isopentane cooled to just above its freezing
poiﬁt with'liquid nitrogen. Once frozen, five-millimeter sections
of the petiole were sawn off with a jeweller's saw and placed in
liquid nitrogen. Frozen sections were“placed‘in small beakers on
previously degassed Tissuemat wax. - The wax was cooled with liquid
ritrogen before the petiole sections were placed on it. ‘The
>eakers were then placed in a-cold dessicator along with an open
>etri dish containing phosphorous pentoxide. The dessicator was
ylaced in a ueep freeze be]ow'—40‘C and e?acuated by a vacuum-
ump. The air line to the pump had a cold finger trap cooled by
iquid nitrogen. iThe pump was allowed to run for two hours. The
‘acuum pump was then turned off, the deséicator closed and left
‘or one week. On removal from the deep freeze the dééﬁiéafﬁr was

allowed to warm to room temperature before the

15
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beakers containing the ng_and tiséue settion§ were transfered to

a Qacuum oven. The specimens were heated to 55 C under vacuum so
the wax would melt and infiltrate them. Sections were left in

the vacuum oven for two days after which those that had sunk and
were 95—100% infiltrated with wax were removed and mounted in blocks
- for sectioning..

The freeze-substitution method was used with Heraclewn. A
leaf was offered 70.72 €1 ]4C02 for two minutes and the assimilated
iéotopé was allowed to translocate for a furthc: 28 min. A large
petiole section was tﬁén rapidly cut off and frozer. in isopentane
cooled with 1iquid nitrogen. Tﬁe frozen petiole was sawed into
five-millimeter sections which were placed on'frozen anhydrous
propylene oxide. The vials containing frozen tissue and propylene
. oxide were p]aeed in a déep freeze below -40 C where the propylene
oxide thawed. 'The tissue was left for one week below -40 C at which
time it was trdnsfered to fresh, cold, dry propylene oxide. After
alfurther week the vials were allowed to warm to room temperature
.and the propylene oxide Qas-rep]aced in:the tis§ue by anhydrous |
xylene through a propy]enenbxide:xerne series of>increasing
xylene concentration. The tissue was ultimately placed in a layer
" of xylene in a beaker conta1n1ng degassed T1ssuemat wax. The wax
was heated in a vacuum oven and the tissue sank into the wax. The
wax was allowed to infiltrate for two days. The tissue was then

removed and m in blocks for sectioning.

Paraffin\ blocki containing freeze-dried or freezé-substituted

tissue were treated in & similar manner. ‘hey were first prepared

for sectioning by cooli g in a refrigerator. The microtome knife

16



" blade was also cooled and kept cool by a down draft of cold air
fromlé1powder funhel containing solid carbon dioxide positioned
direcfi; above the blade. Ribbons of sections, 10 ym thick, were
cut and stored in slide boxés with a dessicant. Sections were
‘affixed to Kodak NTB nuclear track plates in the darkroom. The
plates were warmed and moistened very slightly by breathing on them
to facilitate the adhesion of the ribbons to the emulsion on the
plates. The ribbons were placed on the plates, covered with a
sheet of clean white paper, and pressed by hand onto the emulsion.
The plates were then placed with a dessicant in a dark slide box
in a refrigerator and exposed for one honth. A1l work with the NTB
plates was carried out under a Kodak No. 2 safelight.

At the end of the exposure period the sections were
deparaffined in re-distilled xylene. All traces of xylene were
then removed under vacuum. The plates were developed for five
minutes in Kodak D-19 developer, followed by fixation for five.
minutes in Kodak X-ray fixer. The slides were then washed for
20 min in running water./’\\7

Developed slides were stained in ammoniacal basic fuchsin
for 30:§ec, passed through a series of ethanol: water mixtures
of increasing ethapo] ;oncentration, ;ﬁsolugg ethanol and then
xylene. - The secf%onswere then mounted in Canada Ba]éam. The

stain was prepared by mixing equal fé]umes of 0.5% aqueous basic

fuchsin and ammonia. The precipitate was filtered off and the
. supernatant used as the staining solution. a
Autoradiographs were photographed using a Leitz mitroscope

with a Pentax 35-mm camera attachment. Phofographs were taken

\
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using Kodak Tri-X Pan film with a green filter in the 1ight source. ‘

G. The Chemical Nature of the Translocate

To assess the chemical nature of the ransioccte in
Hefacleum under white or co]ouredqlight condi*ion<. a local two-

minute application of ]4c02 (70.72 \Ci |

4C) was carried out and
the isotope was allowed to translocate down the petiole for a total
of 5 or 40 min. The leaf was theh divided into three samples ;
labeled Tleaflet, secondary petiole subtending the labeled leaflet
plus the upper part of the primary petio]e, and the lower part

of the primary petiole. Each of the three samp]es.was frozen

with liquid nitrogen, ground and extfacted for one hour in hot 80%
ethanol. The residue was filtered off, washed with hot 80%

ethanol ;nd transferred to scintillation vials containing Cab-0-Sil
and fluor for counting. The filtered extract was evaporated to
dryness in a stream of air and taken up in a known volume of 80%
ethanol. Aliquots of this solution were takeﬁ_for counting.

Sugars -in the aqueous ethanblic extract§ were examined'by
thinjlayer chromatography on 0.25 mm layers of'si1ica gel N
buffered with 0.1 N boric-acid. Two-dimensional chromatograms
were prepared. The solvent used in the first direction was
n-butanol:acetone:water (4:5:1); that used in the second direction
was methyl ethyl ketone:acetgc aciq:wgter (3:1:1). Sugars were
. 1o§ated on the plate with an ani$a1dehyde:and sd]phuric acid spray
(Randerath, 1966) and compared to standards run on other plates
for identification.

Amino acids in the extracts were examined by two-dimensional

thin-layer chromatograbhy using unbuffered silica gel N layers. The

first direction was ruﬁ/Lith a ch]oroform:methano]:]7% ammonia
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X
(2:2:1) solvent, the second with a phenol:water (3:1) solvent.
The amino acids were located by spraying with 0.3 g ninhydrin in
100 ml1 acetone, and identified by comparing their Rf values to

known amino acids run on separate plates. Ninhydrin positive areas

from the plates were also scraped off, eluted in citrate-phosphate

buffer, and these eluates were examined with a Beckman amino acid
analyser. ' _

kOrganic acids were exapined by thin-layer chromatography
on silica gel N layers by sep:j;}qufyi;h an ethanol:water:ammonia
(8:1:1) solvent. Acids were detected by spraying the plates with
a so]gtion of bromocresol green, pH 7 (Hall and Baker, 1972).

To ascertain the distribution of radioactivity in relation
to the compounds detected on the thin-layer plates, areas of
chrbmatoérams were scrapedhoff into scintillation vials containing

Cab-0-Sil1 and fluor and counted.

H. MWater Relations

The water relations of the leaf and phloem tissues of Heraclewm
were determined by vapour phase psychrometry. The sampling was
carried out over a 24-hr period to provide data on the .urnal
changes in the water status of the plants.

Leaf discs were taken from each 6f the three leaflets and
their water potentials were determined in Spanner-type psychrometers
suspended in a consfnnt=temperature water bath (Spanner, 1951). . |
A bhloem Toop wai rapidly dissected odt of the primary petiole
subtending the samplied leaflets to minimize drying, and its water
potential was determined in a Wescor C51 sample chamber attached to
a Wescor HR33 Dew Point Microvoltmeter. The principle of operation

of the latter equipment was similar to the Spanner-type psychrometers.
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Following determinations of water potentia]s, the combined osmotic
and matric potentials were determined for the samples by freezing
them in Tiquid nitrogen and replacing them in the psychrometers.
The turgor of the tissue was determined as the difference between
the water potential and the combined osmotic and matric potentials.

Attempts were made to examine gradients in any of the component
potentials within a phloem loop by cutting tae loops into portions
five centimeters long and determining the potentials with.the
Wescor psychrometer. |

A1l psychrometers used in this study were first calibrated with
solutions of known osmotic concentration.

The diffusion resistances of the leaves were also determined
over a 24-hr period using a Lambda Instruments LI 60 diffusion
resistance meter with a Kannemasu type sensor. This was carried
out in the growth chamber where the plants were normally cu]tiQated.
The senso;'had prevtous]y been calibrated at the chamber temperature
using the calibration plate supplied with the instrument. Leaf
resistances were also measured under various spectral irradiances

at the chamber temperature.

- I. Net Assimilation and Dark Respirétion

The net assimilation capacity of Heracleum plants in the
growth chamber was determined by infra-red gas analysis. Leaflets
were enclosed in-Plexiglass cuvettes through which a‘f1ow of air could
. be passed. The leaflets were placed in the cuvettes in a manner
which would ensure even i11gmination from above and maximum air’
flow over both leaf surfaces. The leaflet temperature was monitored

with a leaf thermocouple. The leaflets were illuminated by



exposing them to a range of intensities of white or coloured light
from incandescent and fluoreséenf'sources in the ceiling of the
growth chamber. - \

Net assimilation was measured with a Unor 2 infra-red gas
analyser. Compressed air from the building supply was paﬁsed
through the cuvette containing a leaflet. A gas flow rate of 3400
ml/min was maintained through both the reference and sample cells
of the analyser which was calibrated to span 100 ppm full scale.

- Net assimilation and leaf temperature were recorded directly on a
dual range Honeywell Electronik 16 multipoint recorder with a

center zero reading so that both net assimilatipn and dark respiration
could be measured. Light measurements were made with the quantum
sensor a]ongéide the cuvette under a layer of Plexiglass of the ™

. same thickness as that used in the cuvette. One leaflet on each

of three plants was examined under a range of 1ight conditions as

indicated later.
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EXPERIMENTS; RESULTS AND DISCUSSION

A. Translocation in Petioles Following Foliar Application of ]4C09
1. Introduction
Before attempting to follow the translocation of ]4C—1abe1ed

\,

compounds in isolated phloem loops of Heracleuﬁ or petiole wedges
of sugar beet it was important to obtain normal translocation.
profiles for reference purposes. With these it would then be
possible to test if isolated loops or wedges would translocate
]4C-1abe11ed compounds, and to assess the effects of wounding the
petioles on translocation. This was determined by isotope counting
techniques and by autoradiography of thg translocating petioles.

Two approaches to offering H

CO2 to the plant were used.

Either a general application to the total lamina, or a more restricted
application to a portidn of the lamina. The wounded Heraclewm

petiole was very amenéb]e to the application of bathing fluids

which might affect translocation in isolated loops. This was
especially tfue when the bathing fluid contained reagents that could
affect cé]]osing and slime plugging.

2. ResuTts

a. Translocation from whole lamina with intact petioles

Sugar beet

The graph of 14

C level against distance down the petiole

gave a linear profile when the data were transformgd to a semi-
logarithmic plot (Fig. 1). On one occasion a profile was not

linear on a semi-logarithmic plot (Fié. 2). This br6f11e had -

the appearance of the redrawing of Mortimer's (1965) data by Canny
(1971). »On analysing-the data in Fig. 2 by the error function méthod of

22
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Canny (1973) a line with a translocation coefficient K=9.96 x
073 cmz/sec nave a close fit to the data. A

ae om

‘tact petioles showed semi-logarithmic translocation

ioas 14( hel which became less steep with time (Fig. 3).
O« -asis of this data 30- or 40- min translocation times were
ased .~ furt -~ work on the effects of woundihg.

b. Translocation from whole lamina with wounded petioles
Sugar Beet J

Experiments to obtair translocation profiles in wounded
petioles following ]4C02 assimilation by whole lamina were not
carried out. The sugar beet system was very suitable for the study

of the effects of wounding in conjunction with localized ]4C0

2

application which provided more critical data.

Heraclewn

When a phloem loop was dissected froma petiole just before

tagging the lamina with 14

C0,, a profile typified by Fig. 4 was
produced in the petiole. A peak of activity was common in the
wounded petiole at either the acropetal dr basipetal end of the -
wound, indicating the build-up of isotopé in those regions. No
activity was found in the 1so]ated loop, even when further leng%hs
of a loop were isolated from 1ntact regions of the petiole above
the wound just prior to counting.

Flooding the wound with water during the incision, assimilation
and t}anslocation period‘did not cause ]4C-translocate to move into
the loop.  This was also the case with 0.1 M phosphate, borate or

Tris buffers with or without the addition of 0.1 M sucrose. The

o~
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use of a salt solution consisting of enough Na2C03 crystals to

shift a 0.1 M sucrose solution to pH 8.5, fol'owed by the addition.

of enough KH2P04 to lower the pH to 8.0 (prepared according to

G. Mitton, personal communication), and the addition of 20 mM

KC1, CaCl,, 10 mM EDTA or 0.05 M 2-mercaptoethanol to water or

0.1 M sucrose bathing solutions also had no effect on promoting
translocation of ]4Cr1a eled assimilates into the loops. However,

if 1.0 M sucrose was uped as the bathing medium, trans]ocation was
severely inhibited i the remainder of the wounded petiole. Isolating.
the loop up to 96 hr before tagging the lamina with or without bathing
the loop with water or 0.1 M sucrose failed to restore translocation
in the loop.

' Several petioles were dissected down to single phloem loops.
This procedure was carried out under water prior to the tagging of
the leaf and the strand was kept under water throughout the
experiment. Isotope was found in -he water near the cut end of the
petiole anq in the first few centimeters of the phloem. loop. No
isot&ﬁe was found further down the pctiole. The actiVity recorded
in the upper part of the loop is regarded as contamination by
exuding Iabéled translocate from the cut petiole.

To attempt to evaluate how damaging the incisions into the
petiole were to the translocation pattern, pairs of incisions were
made‘in the petiole to iso1ate“increa$ing1y larger sectors or
wedges of tissue with increasing numbers of bundles in the wedge.

A typical hollow petiole in‘qross section may contain 16 outer and
10 inner bundles. When a we&ge;Of petiole about 10 cm Tong containing

~ one outer bundle was iéo]ated by two parallel incisions and the
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Tamina tagged with ]4C02, no isotope was recovered from the wedge,
although it was recovered from the remaining sector. This was also
fhe case with a wedge containjﬁg two outer bundles. When the
wedge was large enough to contain three outer bundles a smal]q
amount of ]4C was detected in it (Fig. 5).

c. Translocation from a localized area of 14

Co, application
down intact petioles .

Sugar Beet

Profiles of ]4C in the petiole were linear when plotted

semi—]ogarithmical]y following application of 14

002 to an area
between two veins in a lower quadrant of the 1§mina. With increasing
translocation times, the slopes of the profiles decreased and the
presence of peaks and hollows near the front became less evident
(Fig. 6), as though a transient mixing phase'of ]4C—1oading and
transport had been followed by a more steady state’ phase of ]4C-
loading and transport.
Heraclewn :

Profiles were linear in 40 min translocation experiments ~
when plotted semi-logarithmically. Where the profile was obfained
in both the primary and secondary petioles subtending'the labeled
leaflet the profile Qas generally continuous through fhe junction
region (Fig. 7). |

The fact that labeled translocate Qas redistributed in the

region of the commissural ring of  --ular tissue at the junction
of the primary and secondary petio = shown by samp]ing the
two secondary petioles not subtendinc - i© -led Teaflet. In both

of these secondary petioles isotope was . “cscnt. Figufe 7 also



shows a profile obtained in a five-minute translocation experiment

-hich shows pronounced peaks and hollows.

d. Translocation from a localized area of 14

002 application
down wounded petioles

Sugar Beet

Sugaf beet plants were wounded by incisions being made
parallel to the bundles coming from the tagged area of the leaf.
That ]4C translocate was passing primarily through these bundles

was shown by making two-centimeter incisions, immediately prior to

labeling, on either side of the two bundles in the ptioTe whfch served

the tagged area of the lamina. This isolated a wedge of tissue
containing these bundles (Fig. 8). After a 15-min translocation
time the petiole was cut into one-centimeter segments. The wedge
of tissue isolated bj the wound incisions was counted separately
from the remainder of the petiole (Fig. 8). This showed that the
bulk of fhe isotope was passing through the wedge, so it was
possible to predict the Bath of the isotope in further»experiments.
Wounds of various lengths were made in the petiole adjacent
to the ]4C-10aded bundles. The wounds were made just prior to, or

]4C02 to the lamina. With Tonger wounds,

90 min before offering
e.g. six centimeters, it was impossible.to avoid cutting some of the
anastomosing bundles which are common in sugar beet petioles. With
two-centimeter wounds this was‘avoided.' In a11 cases where a wound
was made there was a deviation on the normal semi-log profile ‘in
~the vicinity of the wound, often with accumulation of isotope in

the wounded arearabove the Tevel predicted by the profile (Fig. 9).
Heracleum | |

Experiments in this category were not carried out for two

reasons. Firstly, the presence of the commissural ring of vascular
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tissue at the petiolar junction made it %mpossib]e to trace the
vascular tiséue from the tagged area of one leaflet to the primary
petiole. Secondly, on the basis of whole lamina labelings it was
known that small wedges of tissue or isolated bundles did not
carry labeled translocate.

Some experiments with localised 1"

C02 application were
ca%ried out on leaves which had been detached from the plant while
the\p1§nt was held under water. The leaves were therefore deprived
of theif‘normal sink by a drastic form of wounding. The detached

_1eaves\were keﬁt with thgir cut petioles:uhder water and Weré

”pTaced in a chamber in the dark for two hours to prevent wilting.
The leaf blade was ‘then illuminated with 70 uE/m/sec and the
leaf was given a 1ocalised‘tag of ]4C02‘in a 40-min experiment. If
the leaf was detached under water and transferred to 20 mM EDTA,

ApH 7, for two hours prior to and during a 40-min experiment,
there was a decrease in isotope in the petiole compared to the
water,confro].(Fig. 10). In both cases the translocation h

profile had the appearance of a series of peaks of activity with

no semi-log component along the profile.

e. Callosing

Callose was ‘present on the sieve plates in both control and
isolated Heracleum phloem tissye stained with aniline blue and
examined in ultra-violet 1ight. No distinction could clearly bé
made between heavi]y’andvlightly callosed sieve plates, such as
reported by McNairn and Currier (1968) in Gossypium. Using the
diachrome stain the sieve plates in the isolated loops showed a
greatef amount of staining than the control sieve plates. When

unfixed tissde still attached to the plant was. stained with
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resorcinol blue before severing the loop, from the p]ant; there
was no rapid increase of éa]]osihg such as observed bylgnight

(In Fensom, 1972). A
f. Autoradiography |

The localization of isotopé in the‘petio]ar bundles basipetal -
to the region of the sugar Beet 1am%na where the isotope was applied
| can be seen in the diagram in Fig. 11. The localization of the
isotope within the bund]g can be seen in Fig. 13 and 14. An
unlabeled bundle is seen for comparison in Fig. 15.

The localization of isotvpe in a Eeraczeum petiole ref]ects
the fact thatAthe leaflets were offered isotope since the majority
of the bund]eé contained isofopa as indicated fn the‘diagrgm'in
"ig. 12. Upon wounding, however, the isotope showed a more’ -
restricted distfibdtion (Fig. 16). The.isotope was found in bundles
at a distance from’ the site of the incision into the pet1o1e If
a wedge of t1ssue was isolatéd from the pet1o]e the 1abe1 was found
only in the bundle furthest from the site of wpqnd1ng (Fig. 17).

Both Fig. 13 for sugar beet and Fig. 18 for Heraclewm showed
fﬁat the isotope was contained prfmari]y in £henph1dem. The
localization of the isotope was always more sharply defined in ' fm'
L freezefdfied as compared to freeze-substituted preparations.

.3. Discussion . .

a. Sugar Beet

Sugqr beet, on the basis.of pu]se—labeling experiments, has
beeh reporteé to produceia linear profile with an arithmetic plot
of radioactivity versus distance down the petiole (Morfimer, 1965).

In the present study the more typ1ca1 semi-log plot of act1v1ty



versus distance produces a (%g;ar profile (Fig.LT):‘ This profile
is in accordance with the first of the models of Horowitz (1958)
where the isdtope in the tranélocating system is reduced in its
level of activity due to irreversible loss from the transport
pathway. The p]ants_used in the present study were of a similar
variety to those used by Morfimer, and'tthb growth conditibns were
also comparable. Ev;ﬁ\if sample preparation techniques for isotope
detection similar to those of Mortiﬁer were used the profile plots
remained semi-logarithmic. No explanation of this difference was
obvious. . N

t-Canny (]971)vredrew the data of Mortimer (1965) showing
: 1jne;hfpﬁofiles on arithmetic plots of count rate versus distance.
Canny on éemi-]og—p]ofs found a curve which was fitted by an error
function comp]eméntwcurve givfng a translocation coefficient of
K=3.30 x 40'2 cmz/sec. -Thg K value for the data in Fig. 2 was
1owef ;han that of Mortimer's data, but it was well within the
range of translocation coefficients given by Canny (1971:~Table 1).
In his book, Canny (1973) gave a range of K values for th; data of
Mortimer. He suggests tﬁat the profiles were of a transition type
where the error function curve was developing at the top of the
petiole while Tower down the petiole was a steeper loading profile.
In the present stddy this loading profi]e\was not evident in the
single experiment that proddced this class of data.

Canny (1973) emphasized a need for intense local applications

of isotope to laminas to overcdmé*ﬁrob]ems producéd when whole

14

leaves were treated. If the app1ication of CO2 covered a large

area, a large number of veins at different distances from the petiole

[}
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would be loaded, and the profile in the petiole would be a composite
profile. He also emphasised the need for petioles to be kept
darkened to prevent re-fixation of ]4C02 released by respiration

4

in the petiole. When this approach was adopted as far as possible,

2 area of lamina between

i.e. application of isotope to a 3.14 cm
two veins followed by transiocation down a darkeﬁed_petio]é, the
resulting profiles were t&pica] of whole lamina applications.

The decreasing slope of the transiocation profiles with
increasing times (Fig. 6) was typical of experiments of this type,
(Mortimer, 1965; Qureshj and Spanner,.197Ti Whittle, 1971). The
fronts of the.profiles in this study were very different from the
~onts in the typical translocation profiies outlined by MacRobbie

97, Fig. 1). MacRobbie diagrams profiles where the ffont was
marked by a steep region (1) followed by a less steep region. (2).
It is region (2) which decreased in slope with increasing time and
which corresponded to the slopes reported in this thesis. In the
present study no-region (1) was evident, and it was replqﬁed¥by a
series of peaks of activity. The nature of-these‘peaks w}11-be
discussed in conjunctionlwith the data from Heraclewn...

Bundles of sugar beet which were translocating labeled

_compounds from a zone of localized application showed some effect

of petiolar wounding (Fig. 9). A build-up of activity in the
vicinity of a wound was usually observed; This build-up may have
been initiated by the creation of a local sink as a result of
woundiﬁg the petiole. -However, translocate continued to move through

the bundiés contained in wedges of tissue between parallel wounds

(Fig. 8). .



3

That the isotope applied to a restricted area of lamina remains

in a particuiar vascular bundle from that atea was shown by
autoradiography. A bundle from the basal area of the fed leaf was
shown to contain isotope (Fig. 13). This agreed with fﬁé‘results
of Suzuki and Mortimer (1973) which showed that bundles drain
particular areas of the sugar beet leaf. The isotope was clearly
\ §gen to beé primarily in the younger phloem as was the case with the
‘?utorad1ograph1c study of Mort1mer (1965). The absence of isotope
from other bundles of the same sect1on was very evident (Fig. 15).
b. Heraclewun
The translocation profiles -of Heraclewn showed the typical
linea profiles on semi-log plots of activity versus distance
(Fig. .). The decrease in the slope of the profile with increasing
time was also typical of pulse-labeling experiments. With increasing
translocation times it _ould be predictea that the slope would
become negative as ;he pulse of 1abeT/’passed down the petio!e.
Compared to the number of counts in the intact petiole there was a
depression of activity in wounded ﬁetio]es (Fig. 3). The peak of
d;tivity in the region of a wound/may indicate increased lateral
movement of label as a result of értificially induéing a sink by
‘woun&ing. The phenomenon of wound respiration, i.e. the increase
in the respiratory rate of a tis8ue following its wound (Lipetz,
1970) would result ih a lowering of the osmotic concentration in
the cells in the wounded area as éubstrapes were used in respiration,
and this would provide a secondary sink along the translocation
pathway, This sink would éccentuate:the-laferal movement of

labeled assimilates from the transport pathway in the vicinity of .
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the wound and produce the elevated count rate,

Assimilated 14

C was never detected in the isolated Toops
lifted free of overlaying parenchyma following the opening of the
petioles by inéisions. The failure of the various bathiﬁg
treatments to restore the ability of isolated loops to transport
]40 assimilates was significant. The fact that all the bathing
media were aquéous rules out ‘the possibility of dessication as the
cause of the loss of finction of*the loops, except in the case where
the bathing medium was 1.0 M sucrose. This latter solution had the
effect of .inhibiting translocation in the unwounded petiole,.
presumably by loyering the water p¢ tial of the tiséue by
plasmolysis. The use of buffers to guard against'any drastic pH
changes implies that the inhibition of trans]oqation was not due
‘to this cause.‘flt was possible, however, that an intracellular
pH'change was occurring which was not checked by the extracellular _
application of buffers. The use of 0.1 M sucrose as a bathing
‘medium was intended to provide less of an osmotic shock to the
tissue than that caused by water. |

The presence of P-protein in phloem is quite. common (Evert
et al.,1973), although not ubiquitous (Evert et al.,1971). The
nature of P-protein.has been widely studied, especially in ;
Cucurbita species (Kleinig et al., 1971a; Kleinig et al., 1971b;
Kollman et q7.1970; Walker, 1972; Walker and Thaine, 1971;
Weber and Kleinig, 1971; and Eschrich et at., 1971). It has been
reborted to occur in Heraclewn sphondyliwm (Robfaoux et al. 1973).
Sabnis and Hart (1973) and Hart and\SabniS'(1973) worked with P-

pr;otein isolated from phloem loops of H. mantegazzianum while
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Yapa and $panner (1972) studied P-protein obtaincd from phloem
exudate of this species. h
The possibility that in excising the phloem loops of Heracleun

ok
the P-protein structure was altered on a molecular and hence cellular

}

level was examined by treating the Toops with reagents that would
alter or stabilize the P-protein (assuming that the"reagents:benetrated
the tissue). Kleinig et al., (1971) noted that KC1, CaC]2 or Vinblastine

" precipitated microfibrillar or P—prbtein material in phloem éXudate

of Cucurbita while Sabnis and Hart (1973) reported Vinblastine to
have no effect on the P—protein tubules of Heraclewn. Injéction of
20 mM KC1 or CaC12 into the hollow petiole and.isolation of the
1oops under a flow of 20 mM KC1 or CaC]2 was carried out to
precipitate any P-protein material in its normal state and prevent
it from-plugging'sieve~ﬁ1a;e pores. If any plugging of this nature
had occurred by disuiphide bond formatjon between pfotein molecules
during the isolation of loops, it was hoped that injection and
bathing.with 0.05 M 2-mercaptoethanol would prevént the gelling
reaction. A gelling reaction of this type had been reported by
Walker (1972) in Cuweurbita P-protein.

Neither the KCI, CaCl, or 2-mercaptoethanol treatments had
any effect on the translocatien capacity of the isolated loops.
‘The inconclusive-nature of this type of experiment is typified by
the fact that Williamson (1972) reported an absence of an effect

| of Cytochalasin B on téans]ocation in Lepidium sativwnm and 6n thé-
structure of P—protejn from Récinus commﬁﬁis, while Thompson and
Thbmpson (1973) reported a reversible inhibition o?'tfanslocation
of éxternally appjiéd label in Heraclewn.loops caused by

Cytochalasin B.
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Yapa and Spanner (191?) reported that the isoelectric point
of P-protein from H. mante;;zzianum was 4.9 so the buffers used
in this study should have maintained the P-protein on the correct side”‘
of its isoelectric point. The constituents of the sieve tube are
usually regarded as being s1ight1y‘alkaline (Crafts aﬂd érisp,
1971; Hall and Baker, 1972).

Eschrich et al. (1965) recorded an acceleration of assimilate
movement in Cucurbita when borate was injected into its hollow
petiole, even though-borape induced increased callose deposition.
In Heracleum the bgrate bathipg media had no effect on maintaining
assihi]ate movemenﬂ\in phloem loops.

In addition td\the reported effect of CaCl2 6n P-protein,
=Caz+ions are implicaied'in the mechanism of callose formation
(Eéchrich, 1965), andithe addition of calcium ions may not have
been overcoming a translocation inhibition because while fixing
;the P-protein they may have been ‘inducing the formation of callose.
; This should not have been the case where calcium was replaced by
5 potassium. Addition of EDTA to the bathin§ medium should chelate
Ca2+ jons resulting in the inhibition of callose formation, and
this was postulated to be the mode of action of Mitton$ solution
(6. Mitton, personal communication). King and Zeevart (1974)
report fhat EDTA maintained phloem exudation from Perilla petioles
by inhibiting callose formation, while Ca2+ jons inhibited the
activity of EDTA. Similar experiments with Heracleum showed no
increase in trans]ocation 6f ]AC assimilates iﬁ cut petioles
standing in 20 mM EDTA compared to controls spanding in water (Fig. 10).

-In isolated loops of H. sphondyliwm it has been,feported by



site(s) of the inhibition of the translocation of

Knight (Fensom, 1972) that callosing did not occur until the ends

of the loops were severed from the petiole. This callosing was

monitored by aniline blue vitai staining and fluorescence microscopy.

This experiment, when repeated with A, lanatum, was performed by
dissecting out two phloem 1oobs from one petiole and mounting them
side By side in aniline bluef one loop was then cut from the |
petiole. When the two strands™were compareﬁ no difference in

callose fluorescence was observed even though the staining times

were identical. Care was taken in viewing both control and cut

loo0ps dn similar faces, preferably the cambial one. While the
callose was being studied observatigfjdrsfe also madé on»slime
plugging. During the severing Bf the Toop there was no obvious
rush of material towards the sieve plates to create slime plugs.

On the basfs 6f these results several conclusions on the
14¢_1abeled
compounds may be made. The phloem loop itself was unlikely to
be the site of inhibition if the inhibition was due. to dessication,
pH change, slime pTugging (iﬂe.‘P—protein plugging the sieve plate
pores) or callosing as aﬁtempté‘were made to ‘control these effects
to no avail. The possibility then exists that the inhibition
occurred at the site of vein loading, or at the commissural ring
of vascular tissue at the petiolar junction. The role of the
commissural ring in the distribution of isotope could be seen where

only a local area of leaflet was offered ]4CO

14

9 This should have
Jocalised the C‘assimiiated between two major leaf veins and as

there was no anastomosing visible in the secondary petiole the label

should have remained in those two veins alone. When the secondary

35
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. petioles subtending the two unlabeled leaflets were cut off and
counted there was some isotope present in them. This isotope was
assumed to have moved into these regions following redistribution
in the commissural ring. It was, of cQurse, possible that isotope
was present in the unlabeled leaflets due to leakage of ]4C02 when
a leaflet was tagged, or to ]4C02 produced by respiration in the
labeled leaflet being fixed by supposedly untagged leaflete.““lt
would have been possible to prevent this by shading the unlabeled
1eaf1ets with aluminium foil. However this would have had the )
effect of converting the shaded ]eaf]ets into sinks and would have
enhanced the movement of ]40 assimilates from the leaflet through
the commissural vascu]ar tissue into the unlabeled leaflets.
Experiments show1ng the ease with which a trans]ocate source can
become a sink were performed by Qureshi and Spanner (1971)

The fact that vein-loading continued following wounding was
indicated by two facts. Firstly, following incisions isolating
increasingly wider wedges of petiole a critical distanee was reached

]4C*translecate moved through the wedge (Fig. 5).

following which
Even when the wedge was not translocating the rest of the pet1p1e
was. This implied a relatively restricted effect of wounding not
transmitted to the area of vein loading. Second]y, when a petiole
was dissected down ‘to a single vascular bundle no isotope was found‘
in the bundle. It was, however, found in the intact petiolar tissne
above the wound. The petiolar bundles had continued to be loaded
but there was some exudation of isotope from the cut petiole

indicating some passage of assimilates through the commissural

tissue.



Further evidence that jgcisions into the petiole caused
cessation of function was obtained by autoradiography. Bundles in
the region of a wound did not show the presence of isotope in
them (Fig. 16). This agrees with the data from the labeling
. experiments, If large wedges of tissue were isolated then
activity was shown to bé in a bundle at §ome'distance from the
sites of the wounds (Fig, 17).

It was concluded that the most probabfe site of regulation
of movement of ]4C-translocate in isolated phloem loops of
H. lanatum was in the junction region between ﬁﬁe primary and
secondary petioles. It was possible, however, that the site of
inhibition was along the length of the iéo]ated loops, and that
none of the treatments used in this study overcame this inhibitidn.

2

Spot féeding of, 3.14 cm™ of the.centra] leaflet of

H.. lanatum produceq a 1inear exponential profile normally running
through the ;econd;ry~petio]e subtending the fagged leaflet and
the primary petiole. The fronts of the profile were similar to
those found in the sugér beet. Eeyond the exponential portion of
the profile the actual front consisted of a series of peaks and
hollows of activity. These were very apparent in the five;
minute experiment in Fig, 7.

It was initially thought that these peaks were induced by
the pumping of the syringe in the tagging process. If
experiments were carried out where thg syringe was discharged
into the cuvette with no further pumpfng the peaks were still
present in the petiolar profi]é. It was cohc]uded'that the peaks 

were not artifacts created by the tagging procedure. This cogclusion

was also reached by comparing the periodicfty of fhe peaks wit
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that of the pumping 6f the syringe. The syringe wa; pumped at
least eight times a minute for the two)minute tagg{ng time, while
the peaks were much less frequent. |

The peaks may also have been due to local aécumu]ations of
isotope along the petiole. Serial sections of He}acleum petiole
were made to try -to find areas of anatomical specialization which
might account for the local accumulation. No such specialization
was readily apparent at the light microscope level and the anatomy
.2of the petiole appeared to be uniform throughout its length.

Localized application of two-minute pulses ofMCO2 resul ted
in a temporary increase in the partial pressure of carbon dioxide
in the region of application. The carbon dfbxide level was : |
increased 19-fold. Prior to the introduction of the increased CO2
level the plant was equilibrated to a steady state condition in

]4C02 would thus\serve.to

the growth chamber. The pulse of
introduce a perturbation into this steady state condition. This
perturbation would be expected to cause oscillations in the levels
of photosynthetic intermediates and this wou1d u1£imaté1y'be
reflected in sucrose pool sizes and‘in‘the rates of vein loading.
These oscillations would then be carried'ahong the translocation
pathway.

Induced oscillations are common in photosynthetic systems
particularly following amdark to Tight transition with elevated
002 levels.. This subject was well reviewed by Rabinowitch (1956). .
Oscillations in metabd}ic intermedjates caused by changes in COZ,

levels are known in photosynthetic systems. Wilson and Calvin

(1955) showed great variations in levels of ribulose-1,6-diphosphate,



phosphoglycerate and other intermediates of the Calvin cycle when
the level of CO2 was changed from a steady 1% state to a 0.03%
state. These oscillations were damped down after several minutes
to a new steady state. Thé cycle of oscillations was approximately
50 sec. Lewenstein and Bachofen (1972) reported éransient
induced oscillations ‘in the 1evels of ATP in Chorella fusca. When
0, was suddenly withdrawn, less ATP-consting reactions were
carried out, but ATP-consuming reqctions‘continﬁed for several
minutes and the ATP levels oscillated with a cycle of approximately
50 sec.

Several workers have postulated mechanisms of phloem
transport based on some form of pulsing and Fensom

and Davidson (1970) have provided data purporting to be evidence

for a pulse-flow mechanism. The frequencies and wavelengths of these
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models and results are compared with the parameteri of the oscil]ations

in the present study in Table 1. If the data recorded in this study
“represented a pulsed mode of translocatidh_operating at a greater
speed than a mass flow mdde they must be compared with other

models. The models of Hejnowicz (1970) and Aikman and Anderson
(1971) postulated pulses of quite.differentvorders of magnitude

to the ones in the present study. This was to be exbécted as

their models were based on mechanisms operating qﬁ a subcellular
level. Miller's (1973) model and his calculations based on Fensom
and Davidson's (1970) data were of a similar order of magnitude to

the ones recorded in the present study.

It is concluded that the pulses in the present study represent

an artifact induced in the system by the pulse-labeling method.
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It is possible that Fensom and Davidson's data also represent
artifacts 1nduced by the perturbation of 2 seyédy state cond1t1on
upon m1cro1nJect1on of ]4C sucrose. The model of Miller deals
with a protoplasmic streaming mechanism. If such a system were
in operation in H. lanatum the changes in the flow of cytoplasm
postulated by Miller would have been visible dye to the presence
of the marker particles in the sieve tnbes. Streaming on a sub-
microscopic level would not have been observed.

Previous reports of pulsed modes or wavy profiles of labeled
translocates in advance of more typical profiles have appeared. The
pulsed mode was first observed by Ne]son et al., (1958) and was
considered to be an aspect of the phenomenom termed "rapid trans]ocation".

This was more fully discussed by Nelson et al., (1959) and Nelson |
(1962). The latter reported that it was capable of moving ]4C rapidly
from the labeled Teaves to the roots in the stem of soybean at speeds
of 7200 cm/hr, with voids of detectable tracer in the profile. He
discussed the Possibility of the total amount of carbon moved in
translocation being the result of a Tow-speed movement of a Tow
concentration of translocate as in mass f]ow;'or a high-speed
movement of a Tow concentration as he observed. Latera] accumulation
along the pathway was proposed to account for the observed semj-
logarithmic d1str1but1on in the petiole behind the rapid translocat.
The possibility was suggested that the "slow" transiocation of
sucrose in the phloem was due to the spread of the ag;umu]atlon
front down the stem. The fact that the front of the ]4C
]OCB]IZed in the petiole was discontinuous was taken as

being indicative of movement mediated by metabolism. This



discontinuous pattern may have indicéted a true "wave-like"
translocation, or a continuous sfream of material below the limit§

of detection which accumulated at certain loci to a level high enough
to be detected. Nelson (1963) also reported a similar wavy mode of
]4C.translocate in sunflower. Fensom~(]972)'refnterpreted these data
in terms of his trfmoda] flow model. Thé possibility that the pulses
represented «:.. artifact induced by the 1abe]in§ technique was not
considered.

| By using a more sensitive counting method than that used b}
Nelson et al., and by cutting the petioles into smaller segments
greater resolution of the "wave-like" frans‘ocation profile was -
possible.

- The pulses in this study were more pronounced and easier to
observe than any reported by Nelson because the shift in the steady
state kinetics due to e]eQated CO2 ]eve]; in the area of application
was much greater, and the area of app]ica;ion much smaller. It is
- 1ikely that the pulses observed by Nelson et al. were caused by
perturbingaa steady-state éondition as in phe experiments reborted here,
anq were not associated, as assumed, with "fast translocation”. These
facts still do not entirely rule out Nelson's suggestion of a continuous
stream of small amounts of labeled translocate at low 1evels, but they
make it unlikely. ‘

While the waves may have been artifacts, their speed of
movement is not. It is possible that previous estimates on the speed
of transport of material in the phloem were serious underestimates of‘
the true speed of translocation. The inadequacy of deriving estimates |
| of speed of translocation frdm profiles has been thoroughly discussed
by Crafts and Crisp (1971), MacRobbie (1971) and Canny (1973). In

this study, sugar‘beet shows speeds of movement of label at the upper

41



42
‘end of the range quote by Mortimer (1965) of 50-135 cm/hr and
pﬁssib]y much faster. In Fig. 6 the ph]se héd moved at least 15 cm in
;wo'mihutes giving a minimum speed of 450 cm/hr. " In Heracleum the
- pulses in Fig. 7 had moved at least 21 cm fn five minutes giving a
minimum speed of 252 cm/hr, a much greater va]ug than the 35-70
cm/hr of Ziegler and Vieweg (1961) from their héat pulse experiments.
This study did-not estab1ish the existence of several modes of trans-
Tocation occurring simuiv negusly (Nelson et al. 1959; Fensoh, 1972),
but it did not definitely rule out the possibility. | |

B. Effects of Light Quality » 3

7

1. Introduction

‘The studies on the effects o/ light quality were initial]y'
undertaken to test whether peaks of radioactivity observed in short-
term translocation experiments were simply artifacts due to the
pulse-labeling proéess, or whether they were indicative of a |
physio]ogica]~process. It has been suggested (0. Biddulph,
personal communication to P.R. Gorham)‘that Tight quality may have
been responsible for inducing the pulses. Therefore short-term
experiments were carried out undef different light qualities to
test this possibi]ity, and also to evaluate the effeétwof 1ight
quality on several other physiological processe§.

2. Results | | ‘

To compére the effects of 1ight quality on translocation,
green, red, blue and white Tight of apbroximate]y 80 nE/me/sec.

" used to irradiate the plants. The transmission spectra for the
various coloured 1ights in the growing area of the growth chamber

were meaﬁured'by an. ISCO spectroradiometer at the level of the

e
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plant canopy and are given in Fig. 19, The energy of the light
was also measured by.an Eppley pyranometer and these values are
given with Fig, 19, -

a. Net dassimilation

IR

w2 net assimilation .rate of a HeracZeumileaf1et per unit‘
area versug 1ight intensity is plotted in Fié.izo. The same
information plotted on a leaf dry wefght basis is shown in Fig, 21.
These graphs are typical of the three paifs of results obtained.

On both gfaphs are included the net assimilation rates for a
vérjety of light qua]ities. No difference was observed in net
assimilation.rate with differgnées in Tight quality exbressed on
an eddiva]ent.quantum basis. |

b. Diffusion resistance

Figure 36 shows the changes in leaf diffusion resistance
plotted agaihst light intensity. Over the range of lighg inténsities
used the leaves sth decreased resistance with increasiﬁg light
intensity. Also plotted on this gragh are the diffusion resistance

values of leaves irradiated with light of different qualities.

c. Translocation from a localized area bf.app]ication of ]4CQZ
Translocation experiments of 5- and 40-min total duration
were carried out in each light cd]our and the profiles obtained at
both times are shown in Figs. 22, 23 and 24. These profiles were
compared with the white 1ight controls in Fig. 7. At the 40-min
~ translocation time. profiles were generally continuous through the
junction region, the site of the commissural ring ofﬁVascu]ar
. tissue. Howevet in the junction region the count rate was

frequently higher than that predicted by the profile through the
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primary and secondary petioles.

There was no effect of light quality on the nature of the
major ]ébe]ed compounds in the leaf of Heraclewn. At both 5-
and 40-min from the start of an experiment the major labeled
compounds in the leaf wére sucrose and glutamic acid., The only
labeled compound extracted from the petio]g was éucrbse.

The average fiXation of avaﬂab1e']4C02 ih these experjmehts~
was 7.63%. Of the total fixed, less than 1% was translocated in
40 min ffom’the area of 1oca1izéd fsotope application to the'petiolé./'

{

i

After five minutes. the average ratio of hot-80%-ethanol- R
14 :

C was 7.46:1. This rose to /)

extractable ]4C to non-extractable
' A

12.77:1 after 40 min. In the petiole, after five minutes the
ratio waé 12.04:1 rising to 12.26:1 after 40 min.
3. Discussion

The only sigﬁificant study on the eff -t of light quality
on trans]ocapion'was carried out by Hartt (1966). This~sfudy
was with sugér cane, a so-called "C4" plant, and involved the use
of coloured fluorescent lamps whose output was measured on an
energy basis. Hartt gave resulﬁs that indicdted,that red or blue
light induced\more trans]oéation!,measured on.a.percentage basis,
. than equivq]ent energies ° green or whgte 1igﬁt. This present
stucy utilized Heraclewn, a "C3" plant, and coloured cellophane
filters with a combinatibn o}~f1uorescent and incgndescent Tamps
to provide co1oured\iight of equal quanta. Heracleum was determined
to be a "C3" p]ént on the basis of the absence oﬁ{a‘prqnounced

bundle sheath in the leaf (B]ac53$§§73).- The measurement of



irradianéé‘bétween 400-700 nm was regarded as a better measure
of 11§:t usable by the plant than measurement on a wider energy
basi§~(McCree, 1972).

The effects of light quality on severfl plant processes
which might have a direct or iﬁdirect effect on translocation,
e.§., stomatal diffus'on resistance and net assimilation rates,
were studied in addi:}bq to the effects on the translocate and the

profiles. of the tréns]ocate. o
Light qua]itieé produced by the threg'cof&ured filters used
in this experiment did not‘céuse 1eaf“diffusioﬁ resistance greatly
different from those caused by equivalent quanta of white light.
The net assimilation rates of Heracléﬁmvfor the various light
‘qualities also did not vafy from rates for eqqiva]ent quanta of
/whitg lTight. Red light is known to cause stomatal opening and
efficienf photosynthesis, however blue 1ight is regarded as being
more efficient in caUsing stomatal opening than would be expected
on the basis of its effiqiency in phofosynthegis, and green light
on an energy basis is usually less effectfve'in photqsynfhesig.
Qfén red or blue light (Salisbury and Ross, 1969).
S Under all 1igh% qualities assimi]aﬁed ]4C was found primarily
as sucrose and glutamate in the leaf after 5 or 40 min. The
increase in the ratio,of hot-80%:ethano]-extractab]e 14C to non- E

14

-extractable " C is presumably/dué to the loss of starch synihesized

in the leaf during“pu]se labeling. It is obvious that Heraclewum

is not a rapid exporter of ]4C assimilates as less than 1% was

exported in 40 min.
-

It has been reported that blue 1ight favors the incorporation%5$



of ]40 into glutamate at the expense of_sucrose in reactions
independent of photosynthesis (Voskfesenskaya, 1972). Under the
Tight conditions tested the proportions of‘activity in sucrose
and glutamate did not vary widely. The presence of high levels
of glutamate in the leaves may have been the result of the culture
cohditions‘used for Heracleum. Joy (1969) reported that an NADH-
- dependent glutamic dehydrogenase is very active in the leaves of
Lemm when theoplant is grown on nitrate or ammonia media. As
Heracleum plants were wafered once a week with Hbag]and's solution
they woul. have a high nitrate status which could have stimulated
glutamate synthesis. Despite/the high specific activity of
glutamate in the leaves, only sycrose was labeled in the petiole..
This agrees with the study of Ziegler and Mittler (1959) who

found sucrose to be the only translocated compound in the pH]oem

f/

of H. manteéazzidnwn.
- At short translocation times the profi]es*broduced by all
]ight qualities Were very pulsed, with no:obvious differences™
_between the colours. This pulsing was probab]y due to the shifting
of the leaf sucrose loading pools from a éteady state due to the
pulse-labeling process. With longer translocation times a typical
’profiTe(nl a semi-log plot was seen as the pools returned to axnew
steady state and as more ]46 assimilates became loaded.

The count rate in the junction rgg%on of the petiole was
generally higher than expected on the basis of the traﬁs]ocation
profile through the primary and secondary petiole. The junction

\\\[ggion is the place where the commissural fing of vascular tisﬁue

occurs. As a result the path length of phloem ;arﬁﬁ%ng‘isotope in

46 .
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the junction region is greater than the normal one centimeter in
the other segments with bdnd]es running parallel through them, It
is also where some isotope was diverted into the untagged leaflets..
This greater path length probably accounts for the increased count
rate above the expected one,

C. Transport of.Lébeleq Compounds Applied to Isolated Phloem Loops

1. Introduction

This property was initially e*amined in an attempt to
reproduce some of the data from Fensom's laboratory This was
intended to show whether or not H. Zanatwn would transport labeled
'compounds when they were app]1ed externally to the phloem loops. If
they had this ability then it would be legitimate to compare data
obtained with this species to thét obtained in Fensom's laboratory
with H. mantegazzianum and H.vsphondylium. It was a]sb hoped to
provide greater insight into-the nature of ..c transport of
labeled compounds applied externally to phloem loops.

2. Results '

In initial experiments, isolated loops with(6,6'-3H)sucrose
(20 W of aqueous solution containing 10 uCi) applied to their
surface at their mid-point transported the label acropetally and
basipetally. With increasing transport times from 15 to 45 min, more
isotope was transported basipetally from the point of application
than acropetally (Fig. 25): These experiments were carried out
with the Toops laid directly on the supporting glass plate and the
humidity kept h1gh in the region of the loops by a series of water

droplets alongside. - Times shorter than-15 min gave little

significant movement from the region of isotope application.
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Subsequent experiments with labeled sucrose and glucose, in

which the loops were laid on moist filter paper, gave different

results, (U—]4C)sucrose»6,6'-3m sucrose and (6-3H) glucose all failed to

move more than a few centimeters along the loops supported on '

moist filter paper, Tritiated water. howevil\ was transported
very rapidly along 1oops\supported on wet filter paper. Figure
26.shows the distribution of tritium both acropetally and
basipetally following a two-minute treatment with 20mCi of tritiated
water in 25 ul of water. Bathing of the loops with water or
Mitton's - “lution produced no significant difference in the movement
of tritium. The replacement of WAter on the apical or basal side
of the feeding chamber with 0.5 M sucrose did not produce a flow

of tritiated water predominantly in one direction (Fig. 27)
fo]]owing a 15-min application of 10 ! of wateé containing one
millicurie of tritium. When this experiment was repeated using

(U-]4

C)sucrose there was a somewhat greater movement of sucrose
towards the portion of the loop with fhe highest water'potentﬁal.
This movement was confined to the first one or two centimeters and
never over long distances (Fig. 28).

If tritiated water (10 ul containing one millicurie) was placed
in the treatment enclosure for 15‘min, then remoﬁed, the tissueh |
thoroughly rinsed several times, and the enclosure refilled with
unlabeled water for dn}additiona] 15 min, there was no pulse
chasing of tritium ut of the loop, and isotope was still present
in the -tissue exposed to the tritiated water in the fee@ing chamber
(Fig. 29). | :

When the filter paper supporting the loops treated with

- tritiated water was placed in scintillation vials and counted it

Y
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was found to contain a considerable amount of label (Fig, 30), To
ensure that this movement into the paper was not from.a leak in
the feeding chamber a'barrier of Tight mineral oil (3 in 1 brand)
was interposed between the feeding chamber and the support'paper.
The oil covered the Toop. Isotope still moved through the oil
covered segments and into the péper beyond. If the whole Toop was
covered with 0il without the use of filter paper, tritiuﬁ still
moved along the loop. |

When the apical or basal portions of phloem loops labeled
with tritiated water (101 containing one millicurie) for 15 min
were cut off and washed in a series of aliquots of water which were then
counted, the efflux of label from the loop cou]d\be followed. The
nature of thése efflyx data suggested the presence of two
compartments in the system which both contained label., One
compartment emptied much more r&pid]y thaﬁ the other during washing
in unlabeled water (Fig..31).

A 25 cm length of polyester thread was soaked in 0.1 M
sutrose or water in a vacuum oven and then laid through a treatment
enclosure onto wet filter Paper or under o0il, to provide a model
system to follow isotope movement. When 1.0 m Ci‘tritiated water was
applied to a fhréad soaked in water an& laid on wet filter paper
éhe isotope moved répid]y through the thread in both directions
- from the treatment enclosure (Fig. 32) Results with thread
soaked in 0.1 M sucrose and/or laid under oil were similar. The
prof1]e compares favorab]y with the one obtained from a ph]oem loop
(Fig. 26) but 1t_took Tonger to achieve using one-tenth the specific

activity of that employed for Fig. 26. Figure 32 compares well
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with Fig. 27 which involved the same amount of tritium applied
to the loop. Efflux data from threads and loops were similar.
3. Discussion | .

The shapes of the tritiated water profi]es‘(Fig. 26) are
similar to those reported by Fensom and\Daviason (1970). The fact
that siﬁi]ar profiles are obtained from polyester threads and loops is
very significant. The sjmi]arities between the phloem loops and
polyester threads are few. Both are made Jh\of'longitudinélly
oriented fibers, cellulose fibers in the phloem tissue and pp1yester
fibers in the thread. However, the cellulose fibers are embedded
in a hemicellulose matrix. Both are also satufated with water,

- the threads artificially, the_ph]oem natural]y.k The movement of
tritiated water must then be related tg these prﬁperties if the
naturé of the tritiated water movement in the two\systems is similar
as the profiles suggest. Further eQidepée on the simi]arity of
mgyement is gained from efflux experiments Qhere the efflux of
tritiated water from a sample indicates the presenée of two
compartments of tritium in both systems. In the phloem joop

V (Fig. 31) the two compartments could represent the apoplast and
symplast, or bulk tritiated water in the apoplast and exchanged
tritium in the apoplast or symplast. For the polyester thread
there is obviously.no symp]ast component so the compartments are
probably bulk tritiated watér in the interfibrillar spaces of the
thread and exchanged tritium in or on the fibers themselves. As

a result of the}similarity in thg_eff]ux data from phloem loops and
threéds it is suggested that the symplast is not behaving as a

significant, discrete comparthent in the phloem loops during the -
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experiments.
If the movement of tritiated water in the two systems is

cimilar then the driving force for the movement could be similar,

A mirimum éstimate of the speed of isotope movement in Fig. 26

is 240 cm/hr. This is greater than the 160 cm/hr bidirectional

movement of tritiated water in maaze roots reported by Anderson and

Long (1968) which they ascribed to streaming transcellular strands

in the sieve tubes. .For the polyester thr%ads where experiments ,

wefe conducted over 15-min time periods the minimum speed is 40 cm/

hr wh1ch is a serious underestimate of the true speed. These speeds

of movement are clearly greater than those possible by diffusion. |

The labeled molecules of water wou]d'move down their own chemical

potential gradient as repokted by Nims (1962), so thare wou]d be

a tendency for the labeled water to diffuse out of the isotope

application chamber in both directions along a loop or a thread.

This depsnds on the relation between the mole fraction of the labeled

substance in a mixture with the unlabeled substance. If the mole

fraction of the 1abe1ed substance approaches zero the observed flow

of tracer bears 11tt1e re]at1on to the flow of unlabeled substance.

If the mole fraction of labeled substance is appreciable the flow

of the substance has a measurable effect on the flow of the labeled

substance. The mole fraction oftritiated water is low and it will

~e moving independeptly. However, duaing the period of the experiment

it will not diffuse more than two centimeters from the zone of

application. This would explain the initial abrupt decline in the

count rate in the first few centimeters from the zone of application.

This rapid decline in the count rate with increasing distance from
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the feeding chamber mi;jZISO be a result of the slow fi]]ing of
the slowly emptying compartment seen in the efflux data. Lﬁbe]ed
sucrose would diffuse slower than labeled water and it too would
not diffuse far from the zone of application (Fig. 28)., ‘The
presence of isotope more than a few centimeters froq.the zone of
apb]ication requires some means of moving the labeled compound
other than diffusion. As labeled glucose or sucrose did not

show non-diffusional movement the rapid transport may be a property
of the tritium or tritiated water itself, linked to the common -
properties of the Toops and threads.

The tr1t1um nucleus in the tritiated water molecule may be
capable of proton transfer as described by Eigen (1964) Protons
in aqueous media are able to move with a speed that differs from
that of the conduction band electrons in metals by two.ordersbof
-~ magnitude. ThiS occurs as the proton (H+) becomes hydrated

(H39+) followed by the a]fgnment of water molecules around the
*hydrated proton by hydrogén bonding (H90 +). By forming |
add1t1ona1 hydrogen bonds this complex forms a tertiary hydration
complex. By structural diffusion the proton can move within the
complex and the structure changes accordingly. The lifetime of

the H30+ ion is 0.8 x 10° -13 to 1.0 x 107 ]3 sec. Deuterated water,
2H30+, has a lifetime larger by a factor of six to eight, and it

js assumed that for 3H3O+ it is larger sti]J. The water éontinuum
in the ph]oem loop or po]yestéf thread would provide a path for-fhe
movement of tritium-nucléi' at speeds that could conceivably be

three to four orders of magnitude greater than those observed.

Assuming that the hydrated proton moves one structural unit
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at a time, that each hydrogen in a water molecule is 2.76A from
the closest hydrogen on another water molecule in the H904+ complex

3

H,0+ is larger by a factor of 100

and that the lifetime of the 3

than the H.,0+ ion, then a tritium nucleus could move 27,6 cm in

3
0.01 sec. It would only do this if the proton transport were

ordered in one direction, while in 2 bulk water phase it would be
a random process capable of moving in all directions, There will
however be a<tendency to move away from the zone of labeling down
a'chemica] potential gradient. ‘

The problem with the proton transport hypothesis is that it
does not fit the data of other workers. Choi and Aronoff (1966)
“applied tri :ated water vapour to darkened petioles. The tritiated
water showed little tendency to translocate from the zone of
application until the light was turned on and then it moved toward
the transpiring lamina. If proton transport was occurking it should
not be 1ight dependent. Gage and Aronoff (1960) had earlier
reported the inability of tritiated water to move in translocating
systems. In the study of C;oi and Aronoff (1966) it fs not clear
that the tritiated water is getting into the plant in significant
amounts. This may 6n1y be possible after the light is turned on and
‘”7§he'stomata open. Any-tfitium penetrating into the plant during
tﬁéadérk might have spread throughqut the tissue beyond the zone
of apb]ication, and become diluted géﬁow the level of detection jn the
large -bulk of the water phase of éhe petio]é. However, Biddulph and 4
cory (1957), Plaut and Reinhold (1967), Trip and Gorham (1968), Thompsoni
and Nelson (1971), Cataldo et al., (1972) all have reported

data which indicated that tritiated water had been translocated..
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In the experimental systems in this study it is unlikely
that the movement of tritiated water is due to translocation in a
physiological sense as the polyesfer thread is clearly incapable
of this, and the phloem Toops behave like the polyester threads.

An alternative explanation may be postulated due to an
interfacial flow mec' i <m such ¢. that described by van deg
Honert (1932). The on ‘nterface common to Both Toops and threads
would be a water:fibril one. In the loops the fibrils wou]d be
| of cellulose; in the threads, of polyester. If movement of this
type occurred in trans]ocat1ng systems then it should have been
revealed in the experiments of Choi and Aronoff (1966).4’m

It is possible that the flow of tritiated water results from
proton transport along a surface. Ordered water molecules along
the surface of cell wall or polyester fibers may be the path of
movement,

The observed rates of tritium movement in this study are
obviously greater than can be explained on the basis of d1ffu510n
It has not been possible to provide an answer as to what is the
driving force for this movement. The fact that the tritiated water
cannot be pulse-chased from a phloem loop indicafes that there is
no normal flow of water going on along the loop. It is possible,
however, that due to tritium exchange reactions with hydrogen
atoms in the phloem, the pu]se chase of tritiated water is masked.

. The apparent ability of 6,6'—3H sucrose " to move rapidly
~along the Toops in the initial experiments when the Toops were not
supported by moist filter paper may have been due to a failure to keep

the loops from dess1cat1ng, and this in turn caused the tritiated
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sucrose to be drawn along the loops, It was also possible that

the sample of tritiated sucrose, which was several yeérs old when
used, confained a large proportion of tritiated water due tb break-
down‘or exchange with the t-itiated sucrose. This tritiated water
could then have moved‘rapidly along the loops giving the observed
profiles. A freshly acquired sample of (6,6'- %Dsucrose did not
display any movement of tritium rapidly along the Toops supported
on wet filter paper due to a lack of an evaporative suction and/or
the lack of tritiated water in the sucrose.

By setting up an osmotic gradient through the zone of isotope
application it was possible to induce some movement of(U—]4C) suc-
rose. down a chemical potential gradient (Fig, 28). The fact
that the Tabel moved}only a few centimeters indicated thét this was
not a mass flow, as the water would be flowing in the opposite
direction to sucrose down its own_gradient. It did emphasize that
the movement of labeled sucrose was more diffusional than representative
of the physiological ability of the loops. Ziegler (1958) in his
pioneer work with phloem loops of Heracleum reported that there »
were no differences in the rates of movement of ]4C sucrose and
fluorescein K in living or freeze-killed phloem loops. He also
noted that the tracers moved only a few centimeters in six hours.

«~This is more like the rates of movement observed in the present

“d¥;than those reported by Fensom (1972).

T;Tritiated water could not be induced to flow predominantiy
.¥n one dﬁreqf&bn down a loop from a feeaing chamber, This is
"f’fi:prqpably*zue to the Tow mole fraction of tritiated water comparad

to unlabeled water with the result that the tritiated water r



down its own chemical potential gradient, It still moves
faster than would be possible by diffusion.

As a result of the similarities in the efflux curves-frqm
phloem loops and polyester thréads it was_concluded that the two
compartments revealed by graphing the data were due to é rabid
efflux from the bulk water in the fiber matrices of the loops and
threads, and a slow efflux due ‘to tritium exchange with hydrogen in
the molecules of the loops and threads. Jarvis and House (1967)
discuss the role of exchangeable tritium in the identifiéation of
slowly emptying compartments from maize roots. However, they make

N the assumption that tritium atoms remaiﬁed attached to water -
xmo]ecu]es and did not exchaage with hydrogen ions of organic
mo]ecu]esf This assumption does not appéar to be va]id.

It must be concluded that the hovement of tritiated water in
phloem loops is an artifact and that no natural translocation is
occurring. No evidence was seen‘in this study of a pulsed sucrose:

transport as described by Fensom (1972).

D. MWater Relations

J. Introduction

The Minch pressure-f]ow.theory requires appropriate gradieﬁts
in component potentials along the conducting tissues to drive the
solute from source to sink. In addition, the loading of the
veins in the leaf is generally regarded as being a metabolically
active process. It was hoped that information could be obtained
on the water relations of vein loading gnd.trans1ocation’by

determining the component potentials of leaf and phloem tissues.
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down its own chemical potential cradient, It still moves
}aster than would be possible by diffusion.

As a result of the similarities in the efflux curves from
phloem loops and polyester threads it was concluded that the two
compartments revealed:by graphing the data were due to a rapid
efflux from the bulk water in the fiber matrices of theyloops and
threads, and a s'ow efflux due tc tritium exchange with hydrogen in
the molecules of the loops and threads. Jarvis and House (1967)
discuss the role of exchangeable tritium in the identification of
slowly emptying compartments from maize roots. However, they make
the assumption that tritium atoms remained attached to water
molecules and did not exchange w1th hydrogen ions of organii'
’mo1ecu]es This assumption does not appear to be valid.

It must be concluded that the movement of tritiated water in
'ph1oém loops.is an artifact and that no natural trans]ocafion is
occurring. No‘evidenée was seen in this study of a pulsed sucrose
transpdrt as déscribed by Fensom (1972).

D. MWater Relations

1. Introduction

The Miinch pressure-flow theory requires appropr1ate grad1ents
in component potent1als along the conducting t1ssue§ to dr- the
solute from source to sink. In addition, the 1oading of the
veins in the leaf is generaT]y regarded as being a metabo]iéal]y
acéive process. It was hoped that information could be obtained
on the wafér relations of vein loading and translocation by

determining the component potentials of leaf and phloem tissue-



2. Results

a, Diurnal changes | \\

The water potential (v¥) and combined\osmotic and matric
potentials (?nWr) showed a diurnal fluctuation in both bh]oem
and leaf, The difference: between the two values represents the’
turgor potentiai of the tissue (¥p). F1gures 33 and 34 show the
changes in the potent1a1s of leaf and phloem, refpect1ve1y, p]otted
over 5‘&4—hr per1od_w1th th¢ light intensit1es’1nd1cated on the
time axis. The potentiaTs(in both tissues were more negative
ufider the highest ]igﬁé’intensities tHasf in. eédark. Figure 35
shows the.differences throughout the day in Phe’ water potential
and osmotic and matric potentials between the feaf andtbhloem
‘tissues. At all times there were diffeiences;betneen the leaf and
phloen potentials. The leaf va1ues were always less negative than
‘lthe phloem values g%vfng positive gradients between leaf and
ghldem tissues. The magnitude of this difference varies between
-8 and -1 atm. ‘ |

)
e

b. Gradients with- . the phloem

Attempts'tp find gradients in water potential, or combined
-osmotic and matric potent1als within the phloem produced erratic
results. Leaf potentials measured at the time of phloem samp11ng
"were c0ns1stent w1th resu]ts obtalned in the study of diurnal
changes, but. the ph]oem values were cons1stent1y more negat1ve
and undu]y Tow. In the range of phloem material samp]ed there
were gradients in component potent1als runn1ng apically and

basally, but there was always.a water'potentiaT gradient (from a

* Jess negative to a more negative tissue) from'the‘leaf to the ph]oenJ
» o . &

v

~
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of the petiole,
3. Discussion

Diurnal changes ‘in the water potential of leaves and other |

<

organs are well known (Slatyer, 1967) and ¢hanges of the magnitude
recorded for Heraclewn lanatwm in Figl/33/zere not unexpected. As
the light intensity increased” the rate of evapotranspiration,'as
measured by a“diffgsion‘resistance porometer, increased (Fig. 36)
resulting in a greater water deficit in tﬁg leaves. The parallel
trace of the combined osmotic and matric pétent1a]s to that of
the water potential indicated that the lowering of the water
potent1a1 was paralleled by the increase in the concentration of
osmot1ca1]y active solutes in the leaf. Whether th1s occurred as
a result of higher 11ght 1ntens1t1es giving greater net assimilation’
rates, ov > a resu]t of the greater water loss due to increased
transpiration, or botlh, was not clear. Under the conditions-in ‘

»

the growth chamber t e p]ants ‘showed no. glgn of wilting and the
s1t1ve turgor ‘values.

© leaves always: gave p
s The s1tuat1on was very similar in the phloem tissue of the
petiole (Fig. 34). The osmotic potentials in the phloem could
have qume_rnqre negative because of increased loading of assimilates.
into t : ‘

-phloem in the leaves as a_reéuLt of increased net

‘assimilation assoc1ated with 1ncrea51ng 11ght intensities. The S

fact that thé turgor in the phloem was negat1ve at light 1nten$1t1§$
near the compensat1on point may have been due to the 1nsens1t1v1txud

of the method used to determlne the component potent1a1s or. as ;

A

a result of the samp]e preparat1on n latter case cutt1ng

A

the phloem 1oons free of the plant could:be expected-to cause a



ioss of turgor. At tfmes of day wit' h Tight intensities the
turgor\may have been so high as to rapidly block the sieve plates \\
.. by P-protein plugging when the loops were cut, thus retaining
a measure of the funct1ona1 turgor of the tissue in the psychrometer
sample chamber. At periods of Tow 11ght intensity theJturgor may
have been reduced and on cutting th: phloem 1oops free, it was
Jost altogether. The presence of negative turgof did not, however,
preclude the ab111ty of the phloem to remain funct1ona1 In the
model of Christy and Ferrier (1973) the sy§tem cou]d work with a
negative turgor as lohg as there were-a gradient of turgor a]ong
' the ph]oem . - |

When the d1fferences in the ‘component potentials between
the leaf and the phloem were studiedn(Fig. 35), it‘was found that
there was always a positive water potentia] difference between
the leaf and the phloem. This indi. . that there could be a
G'passive flux of water occurring throughout the day. There was
a]so a positive osmotic gradient w1th a lower osmotic potent1a]
i.e. higher sugar concentration in the phloem than the 1eaf? Thus
for sucrose to move it would have to move against this
concentration difference. "This would be additional evidence to
support the concept of :he :_cive.vein 1oad?hg of sucrose (see
Fevtew in Crafts and Crisp, 1971).

The va]ues(;eported for osmot1c and matr. potentials could.
| be compared to those reported by Ge1ger et al (1973) for suga@?\\
beet leaves. The1r plasmolytic method gave values for the osmotic
potent1als of individual cells in. a t1ssue wh11e the present studx

gave a combined osmot1c and matric potential for the‘whole tissue -

or.dfgen.' The leaf mesophy1l value of sugar beet was 13 bars -
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(1 bar = 0.987 atm) while the Teaf osmotic and matric potentials

of Heracleum which would be dominated by the mesophy1] component
were between -9 and -19 atm depend1ng on the light intensity.

These .compared well with the values for sugar beet. In suger beet
the leaf sieve elements and companion cells had an osmotic potentia]
of 30-bars, while the phloem of Heracleum had an osmotic and
matric.potential of between -14 and -24 atm, a somewhat higher
value than sugar beet had. The Heraclewn phloem value ‘may have
been:an underestimate of the sieve element and companion cell o
value due to dilution by the component potent1als of the phloem

)

- parenchyma and cambium wh1ch wouid have much higher water potentlals
Attempts to f1nd grad1ents of c0mponent potentials in the
1oops of ph1oem were regarded as optimistic. _Hammel (1968), in
his study on turgor pressure in oak, found turgor pressures to be
zero to three atmospheres larger in his upper sensing zone than
his lower one with two zones about f%ve meters apart. ’This gave a
pressure gradient of between 0.2 to 0.4 atm/m.‘ To resolve pressure
gradients qgjthis magnitude oner a distan¢e of up to 30 cm was
beyono the capabilities of the technique used. Concentration /
gr .dients have been reported in Fraxtnus hy Zimmerman (1957) to
;.01 mole/m and this too was un11kelyﬁ¥o be resolved in a sma]]

nerbaceous plant. ““**fi



ONCLUSIONS

This study was primarilx'yndertaken to‘provide a better
understanding of the physiology of translocation in Heradewn,
both in intact plants and also plants wounded to iso]afe parts
of their phloem as individual loops. The behaviour of 1ab¢]ed
compounds applied externa]]yito these loops was also examined.

By the use of a sensitive counting method it was possible
to analyze the front regiors in translocation profiles. These were
found not to be steep profiles marking a rapid increase in isotope
level, but to be composed of a se}ies of pulses. These pulses were
regarded as artifacts of the pulse labeling method rather than as |
evidence fdr rapid translocation, or translocation by several
mechanisms. The pﬁlses indicated that previous estimates of the
minimal speed of translocation derived from pulse-labeling data
were serious undérestimates of the true speed, |

Wounding the petiole of Heracleum caused inhibition of
translocation in the vicinity of'the wound. This was demonstrated
in experiments 1nvoiving the study of profiles and é]éo by
autoradiography. Sugar beet is not so sensitive to Wounding as
was demonstrafed in similar experiments to those carried out on
ééracleum. Thg\nature of the vasculature in the petiole in
Heracleum helps to exp]ain why such different résponsés to wounding
were shown gétween the plant species used. Heracleum may simply
redirect translocate from wounded regions ;ia a commissural ring
of vascular tissue,.an anatohica] feature not fouﬁd.in sugar beet
where petiolar vascular bund]eé pOme-mdré‘direct1y from specific
areas of lamina. |
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Isolated phloem loops do not seem to offer a good system in
which so study translocation. It was never possible to induce ]4C-M
labeled assimilates in the leaves to translocate through isolated
loops even though attempts were made to overcome possible reactions
such as callosing or slime-plugging. If translocation was occurring in
_the Toops then the labeled sugars utilized were not loaded, while the
labeled wa}er was loaded. If is more likely, however, that data
derived from studies on phloem loops reflect thé behaviour of the
isotope in the system rather than a physiological process. This is
expecially true because it was found that polyester threads transport
tritiated water in a similar manner to the phloem loops. Tritiated
water appeared to move as tritium nuclei along interfaces rather than
as a ﬁgsu1t'of translocation in the 'sense of a bulk flow. The efflux
of tritiated water from phloem loops indicated the presence of two
compartments in which thé isotope was found, and this wa§ also reflected
in the efflux from polyester threads.

Additional studies Qere carried out on ngaczeam to examine
the water relations of phloem transport and the effect of light
’ qua]ity on translocation. The data from the water relations study
indicates that water may move passively from leaf tissue to the
peti;?ar phloem, wﬁi]e sucrose;is moving against a gradient over
the same distance. _This would tend to support the concept of the |
acti@ﬁf#einﬁloading of translocate. Light quality appeayed to have
no effect on the profiles of translocate in the petiole or on the

nature of the translocate itself, sucrose being the 6n1y Tabeled

compound found in the petiole.



\
Phloem translocation remains én enigmatic area of plant
physiology despite repeated attempts to fully understand it, The
prospects of the process being fully resolved in the near future
are remote and the continued application of Occam's razor is
essgntial to prevent the subject being swamped in a surfeit of

~experimental and theoretical data obtained for its own sake.
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TABLE 1

Parameters of postulated waves in phloem transport

Wavelength Frequency Velocit
Reference (¢m). (min) (cmlmﬁn{
.Aikman and ‘ :

Anderson, 1971 0.1 300 0.00033
Hejnowicz, 1970 0.0001 600 0.0000000166
Miller, 1973 1 1 1
Fensom and

Davidson, 1970 ,

(In Miller, 1973) 7.5 1.5 5

Hoddinott, 1974 3 1.33 2.25



FIGURE 1. Diagram of the trifoliate leaf of Heracleum (1/2 life~
size). C = comﬁiséura] ring of vascular tissue, arrows

indicate region of wounds.
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FIGURE 2. Profile of " "C-assimilates in unwounded sugar beet

petiole 40 minutes after a two-minute exposure of

the whole lamina-to 70.72 uCi of 14CO;

o
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FIGURE 3.

Continuous Line: profile of ]4C-assimilates in an

unwounded sugar beet petiole 40 minutes after a two

minute exposuré of the whole lamina to. 70.72 uCi

14

of ~'C. Dashed line: _.ror curve fit.of the data

using the method described by Canny.
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FIGUREiﬁ:J“Prof{ies of”]4C—assimi1ates {n-fntact primary pétid];s
of Heracleun with increasing tfansJOEation times, o
-from 30/to 100 min. The total timeAincludes théltwd:t

minute tagging time with 70.72 Ci ]4C02 (sbmé

intermediate points have been omitted for clarity).
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a4
-EQPURE 5.7 Profile of W assimilaté® in a wounded primary
| “petiole of Heraclewm exc]usivelof the'isblated 1oop 

i

oo “whﬁéh is not labeled. Translocation time 30 min.

<

Arrows indicate the length of the wound incisioh

and'the.ph]oem‘loqp.
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FIGURE 6.

<3

Profile of T8¢ assimila¥es in an isolated wedge

'contéining three outer bundles and in the remaining

sector-of a wounded primary petiole of Heracleum:- -

Translocation time 30 min. .-
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FIGURE 7.

8

Profiles of MC-assimi]ates in petioles of sugar beet
wi th increasingi translocation times from 2 to 15
min following a 1oca_h'zed application of 70.72 (i

Yoo T
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14

FIGURE 8. Profiles of "'C-assimilates in intact petioles of

. .o . )
‘Heraclewn 5 and 40 minutes after a two-minute
]oca]ized.apb]ication_of 70.72 Ci ]4C02.

_Experiments pgrformed iﬁjwhﬁte light. J = Jdunction
- between primary>ahd secondary petioles.

L
LAy
S .
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FIGURE 9.

Profile of ]4C-assimi1qtes in a wounded petiole of

sugar beet 40 min aftéf é'ﬂocalized app]ftation'

of 70.72 ci '4

CO2 to a region of lamina drained
by vascular bundles running through an isolated |
wedge of petiole. a and e are unwoundéé regions

of petiole, b, e, d are the remaining sectors of
traR

the wounded area of petiole, f, g, & are parts of

e

the iso]ated wed&é.enc]osing the bundles serving

the tagged area of the lamina. -
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"FIGURE 10

Profile of 1%C-as Wk wﬁ in a wound
sugar beet 40 min after a localized a
of 70.72 uCi 1%co,.

2

~ .
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" FIGURE 11.

!

Forty-minute profiles of 14C-assimﬂates in detached
Teaves of Heracleum fo]]owingiﬁho1e leai taggihg
with 70.72 (i ]4C02. Points represent the profile
of a control plant with its cut peEidle in water.
Crosses represent the profile of a;§3§ﬁup]ant with

its cut petiole in 20 mM EDTA.
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FIGURE 12.

FIGURE 13.

Localization of ]4C—assimilates in the mid-point

of a petiole of sugar béet‘fo110wing a localized

14

épp]icatidn of 'C to the lamina and a 30-min

translocation time. L~ihdicates phloem containing

labeled assimilated.

Loca]izatidn of ]4C ;-,:mi]ates in the mid-point of

-a petiole of He 1clevm fol owing the application of

14¢ to the who! - Tawing e7u a 30-min-translocation

time. L indicates pulvem containing labeled

assimilates.



FIGURE 12

FIGURE 13
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FIGURE 14. Autoradiograph of freeze-dried tissue showing the4‘.

14

localization of ''C assimilates in a bundle of

sugar beet following a localized application of

]4C02 to the lamina, and a 30-min translocation time.

14

FIGURE 15. Autoradiograph showing localization of " "C-

assimilates in a bundle of sugar beet following a

ro :
localized application of ]4C02 to the lamina.
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FIGURE 15.
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FIGURE 16.

FIGURE 17.

Autbradiogrqph of unlabeled bundle from the same

section shown in Fig. 14.

Autoradiograph of freeze substituted tissue showing
the distribution of 14Cassimﬂates in the‘remaining

sector of a wounded petiole of Heraclewn following

a whole leaf application of i4CO2 and a 30-min

translocation time.
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FIGURE 17.
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FIGURE 18.

F.GURE 19.

-~

,
Autoradibgraph showing distribution of ]4C
assimilates in the isolated wedge containing 6
bundles of a wounded petiole of Heracleuwn following

a whole Tleaf application of ]4002.

Lo 3

Autoradiograph showing the distribution of ]4C
assimilates in a bundle in an jsolated wedge of a

wounded petiole of Heraclewn following a whole leaf

14

application of "7C0O,. (An enlargement of Fig. 18)
pp 2



FIGURE (8.

FIGURE 19.
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FIGURE 20. Spectroradiometer data for the variousklight
qualities used in the growth chamber. Energy values for

the various colours as measured by an Eppley pyranometer.

were |
White ‘1621 x 1072 cal 'Cm'rz‘min"]
Blue <040 x ]O—ZI{‘E f,
Red 160 x. 10725 \
Green- .- - -038.'x .10 "2 Non

1
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FIGURE 21.

Nct assimi]ation'ratf of an Heracleum leaflet measured
on a leaf area basis. Points indicate fixation rates
with increasing white 1ight intensity. Crosses indicate
spot readings with various 1ight qual ties.

0 = Orange, G = Green, R = Red, B = Blue,'w = White
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"FIGURE 22. Similar data to Fig. 20 but expressed on a dry weight

basis.
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FIGURE 23. Profiles of ]4C—assimi1ates in intact petioles of

Heracleuwn 5 and 40 minutes after a localized

14

apb]ication of 70.72 Ci COZ' Experiments

performed in Blue Light. -
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FIGURE 24. Data similar to that in Fig. 22 but obtained in

»

Red Tight.
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FIGURE 25. Data &imilaﬁ‘to that in Fig. 22 but obtained in

green light.
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FIGURE 26.

Transport profiles of externally applied 6,6'-3H;
sucrose along isolated loops with increased times
of 15 to 45 min. The Toops were laid directly on
a glass plate with a series of water drops along-
side to keep humidity high. F = wite of application

of labeled compound.
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FIGURE 27. Distribution of tritium in a ph]bem loop after a_ -
two-minute exposure to 20 mCi tritiated,watér,at'
the center of the 1oqp.‘.The loop is supported on

wet filter paper.
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FIGURE 28.

Distribution of tritium in a phloem loop after a
15-min exposure to 1.0 mCi of tritiated water at
the céﬁier of the loop. The apical portion (A)
of the loop is supported on wet filter paper, the
basal portion (B) is supported on filter paper

soaked with 0.5 M sucrose.
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]4C in a phloem loop after a 15 min

FIGURE 29. Distripution of
| exposure of (U-]4C) sucrose at the center of the

' loop. The apical portidn'(A) of the lbop is supperted

6n filter paper soaked with 0.5 M sucrose, the basal ‘

portion (B) on wet filter paper. ™
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FIGURE 30. Distribution of tritium in a phloem Toop after a
15-min exposure to- 1.0 mCi- tritiated water

followed by a 15-min pulse chase with unlabeled

water.
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FIGURE 31. Distribution of tritium in phloem tissue and wet
filter paper following a 15 min exposure of the

center of the loop to 170 Ci of tritiated water.

—
.

Fed phloem

Apical phloem

. . Basal phloem ,

Proximal apical support paper
Distal apical support paper

Proximal basal support paper

~ (o)) (3] > w - N

Distal basal support paper
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FIGUREV32. Efflux of tritium into unlabeled water from an
| apical piece of ph]oeh loop following exposure of
the center of the loop to {,0 mCi of trftiated water for
15 min. vPointswépt‘esent initial efflux rate.
_ Crosses represent e flux from gn.init1a1

compartment followin correction of the data for

the efflux from the second compartment.



120

log CPM

€0

X9-0

ozl

.Aouwv wEﬂB

08

'

WO bot



FIGURE 33.

Profile of tritium in a polyester thread soaked .
in water and laid on wet filter paper following
a 15-minute exposure of the center of the loop to

1.0 mCi tritiated water.
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FIGURE 34. Water potential (¥) and combined osmotic and matric
potentials ( ynyt) of a Heracleun leaf.measured

over a 24 hr period..
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FIGURE 35. Water potentials and combined osmotic and matric
potentials of an Heraclewn phloem loop measured

over a 24 hr period. v
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FIGURE 36. Difference in water potential and combined osmotic
and matric potentials petween Heracleunm leaves and

phloem loops measured over a'24 hr period.
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FIGURE 37. Diffusion resistance of the lower surface of
Heraclewun leayes. Points represent resistance with
various intensities of white light. Crosses
represént spot readings under variOQ§ coloured

Tights.



‘{ . . 130

. 400

3}
o 300 v

N
o

E
<L
[
p=
>
i)
-
n
g
D 200
e
~
o
o
o
-~
W

100

12 3 4 5

Diffusion Resistance (cm/sec)



131

APPENDIX A

Chemical and Instrument Suppliers

—i
-~}

' NéH14CO3: Atomic Energy of Canada, Commercial Products, P.0.
Box 93, Ottawa.

Radioisotope Labelled Compounds: New England Nuclear (Canada)
11475 Cote de Liesse, Dorval.

Amino Acid Aha]yseri Beckman Instruments, 10538 - 124 St.,

- Edmonton.

Cab-0-Si1 M5: Van Walters and Rorers (BC) Ltd., 2625 Skeena St.
Vancouver.

Qrowth phamber: Environmental Growth Chambers, P.0. Box 407,
Chagrin %al]s, Ohio.

Eppley Pyranometer: Eppley Laboratories Inc., Newport, R.I.

Hastings Air Meteré- HastingseRaydjrt, P.0. Box 1275 Hampton,
Virginia 23361, U.S.A. '

Honeywell Recorder: Honeywell Ltd. 14830 - 139 Ave., Edmonton.

Lambda Meters and Sensors: Lambda Instrdments Co. Inc., 2933"
North 36 St., Lincoln, Nebraska, 68504.
| Leitz Microscope: MWalter A. Carveth Ltd., 1367 Richards St.,
Vancouver 2.

Maihak Unor 2 Infra-red Gas Analyser: Bendix Process Instru-
ments Div., Drawer 477, Ronceverte, West Virginia 34990.

- Unilux IT Scintillation Spectrometer: Nuclear Chicago Corp,;

7511 -~ 104 St., Edmonton.

Spectroradiometer: Insfrumentation Specialities Co., Lincoln,

Nebraska.

.



132

Terostat.VII: Terason Werk, GmbH6900, P.0. Box 1720, Heidel-
berg 1, West Germany; . . »

Tissuemat:< Canadian Laboratory Supplies Ltd., 10989 - 124 St.,
Edmonton.

Wescor Psychrometer: Wescor Inc., 459 South Main St., Logan,

Utah 84321.
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