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ADCTRACT

| A stuly has been madé, by light and electren
microscory, of tha‘strueture of the phloem tissue

and_sieve tubea of Salix canreea, and the relevance

of the findings to the electro kinatic theory of
transport hés beeﬁ discussged. The aﬁatomical
features of the phloen aﬁ the cellular level do nét
secm particularly favourable to the theorys on the
other hand, the ultra structure of the steve tubes,
end in particular the prevalence of "glime" in this
species end meny other species being composeld of
barnded fitrils, seems to favour the eleciro kinetie
theory 2t least eo mush 28 any othsr. '& support-

ing caleulation 12 given.
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CHAPTER I

INTRODUCTICH




INTRODUCTION

Translocation, by common consent one of the classical
interests of plant physiology, has heen‘an cbjeet of study
for a great many years; in fact ever since the time of
Malpighi (1675 and 1679) and Stephen Lales (1769)., Interest
in the subject has waxed and waned sincé then, though it has
never really ceased. It revived strongly when, with the
quaﬁtitative work of Dixon, kason and kaskell and others in
the 1920's it became apparent that a great problem was
involved in deciding how the conducting tissues maintained
the very high rate of transport which careful measurements
of various sorts confirmed that they do. Ihterests thus
aroused were fostered by the arrival of powverful new physiecal
methods of investigation of which radicactive isctopes,
chromatography and electron microscopy merit special mention.
It is not surprising that these were early applied to the
rroblem; what 1s surprising to anyone ignorant of the
éXperience of science is that they have not solved it, and
indeed that the solution seems sometimes as far off as ever.
However a very great deal of new ianformation has been
acquired and the flow of new facts coatinues, for at the
moment many facets of the problem are the concern of active

research. In particular there is considerable emphasis



- on the relation of structure to function, the electron

- microscope being the pre-eminent tool in the investigation
of the former and radloisotopes that in the study of the
latter. We 8till await the time when the provision of

the right interpretative principle will reduce all the know-
ledge we have acquired to order, and meanwhile there seems
to be no alternative to continuing to amass facts while we

. seek for it. This is the justification for the present
study.



THE QUESTION OF IMECHANISH

One of the principal ends of the investigation of such
a phenomenon as translocation is to gain an understanding of
how the process is actually carried out. A}knowledge of ths
structure of the transporting channels 1is in é sense merely
preliminary to this. Thus it is relevant to this study to
1ist the mechanisms for translocation which at the present

‘time seem worthy of consideration. Théy are as followss-

1) The pressure flow or Minch hypothesis
(Minch, 1926; Crafts, 1961)
2) The electrokinetic theory (Fensom, 1957;
Spanner; 1858)
3) The transcellular strand (Protoplasmic
streaming) theory (Thaine 1964; Cénny 1962).
Besides these, there are several bther theories of a
less clearly enunciated charactér,'such es the theory of
activated diffusion first suggested by llason and lMaskell
(1928) and now sponsored by the Russian school (Kursanov,
195€); end the theory of movement along interfaces
(van den Honert, 1932;‘ van Overbeek, 1956). At least
the ectivated diffusion theory however is too vague in out-
line at the moment for it to be effectively criticised;



and the theory of van den Honert, while it may be applicabdble
to the movement of such substances as auxins is almost
certainly highly inadequate to account for such massive
transport as that of sugars, Thus effectively the contenders
are limited to the three mentioned, and of these the favour-
ite is certainly the first.

| Having enumerated the possible mechanisms the question
arises as to whether one only of these need be considered as
operative in a given situation. Might not two or even three

be jointly responsible, each contributing significantly to

the total function? Or to wvary the question a little, might
it not be the case that with several mechanisms contributing,
the balance between two or more mechanisms might be different
&8s between one specles and enother? Might not a plant like
éucurbita with large and possibly open sieve plate pores
conduct its translocation predominantly by a liinch mechanism
while another, such as é%lgg, uses in the main an electro-
kinetic one; and still another one a protoplasmic streaming
mechanism? These questions cannot be settled a priori; but
there does seem experimental evidence for the fact that
different mechanisms may be simultaneously operative. Thus

Palmiqﬁist ( 1938 ), investigating the possibility of



ooncurrent two-directional movement in the same phloem
strands found that fluorescein would enter mature leaves of
french-bean through the sieve tubes while the latter were
exporting sugar. This would seem to be a clear case of
sugar transport in one direction with simultaneous transport

of fluorescein in the opposite direction by a different

mechanism, for suvugars apparently never enter mature leaves
in noticeable quantities. Again Biddulph and Cory (1957)
in an elegant investigation on french beans using radio-
isotopes and autoradiographing the outer layers found what
they considered was definite evidence of two mechanisms
operating together.

Thus it cannot be assuned in respect of translocation
either that all plants are alike or that in a single plant
translocation 1s a unitary process. This means that there
is s5till a need for extending both the width and depth of our
factual knowledge. In spite of the considerable work done
in both the optical and electron microscopie fields on phloem
structure,investigations such as the present one still fulfil

a real purpose.



ORIENTATION OF TITh PRESENT STUDY

The present study embodies work dome using several
different techniques in particular optical and electron
microscopy. ¥hat connects the different parts is a common
orientation in the direction of the electrokinetic theory,
though the findings have relevance to other theories also.
It may be useful therefore to indicate what are the special
requirements of the electrokinetic theory in the realm of
structure. They are two:

1) The theory requires that the flow should traverse

& membrane structure coataining pores of a suitable
degree of fineness. It may be surmised that their
dieneter should be of the order of 100 A or so;

and in enatomical forms this means that the theory
demands that the sieve plate pores in functioning
elements be occupied by stationary cytoplasm,
fibriller slime or something comparable. It might
be added that in pores large enough to satisfy the
requirements of the pressure-flow hypothesls, the
electrokinetic forces which could be developed
would be too small. On the other hand in very
small pores, such as might be consistent with en

observation that adjacent sieve tube elements were



2)

separated by a continuous plasma membrane, the

- resistance would be electrokinetically too high.

Thus there is a crucial requirement here which it
should be possible for the electron microscope to
settle. | | |
It also necessitated by the theory that there shéuld
be a continuous pathway through living parenchydha-
tous cells.from one sieve tube to the next in
parallel with the sieve plate. In the original
description of the theory given in 1988 this was
shown as provided by the companion cells.‘ This
might be the most efficient arrangement; butfthe
presence of ordinafy phloen parenchymma cells link-
ing companion c¢ells not in direct continuity with
one enother would seem to be adequate for the theory.

Purther, this living pathway would have to provide

"a sufficient cross-section to sustain an appreciabdle

ion flux (Fensom and Spanner, unpublished); and the
investigation of this point was cne of the main

objectives of the present work.



PLAN OF TUE WORX

The plan of this thesis falls into five parts.
- Firstly there is an accouant of original studies with

the light microscope on the phloOem of salix caprees, the
objectives of which were to investigate the special relation-
ships of the sieve tubes and the living cells contiguous with
them; and to provide a background for the interpretation of
electronmicrographs.

Secondly there is a review of the electron microscopical
studies of phloem structure to date, s:iitégg with the pioneer
work at Leeds in 1955 (Hepton and Prestoﬁs.y

Thirdly there is an account of the present electron
microscopical investigations, which are éoneerned rrineipally
with sieve tube structure.

The thesis continues with a short account of some
investigations with radioactive tracers designed to ascertain

when sieve tubes were being laid downi and finally concludes

with a discussion of the results obtained.
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CHAPTER I1I

CPTICAL MICROSCCYE




PLATE 1

Transverse section (T.S.) showing
the hark, tangential bands of
phloem fibres, secondary phloem,'

cambium and xylem. About X200.

/a
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OPTICAL MICROSCOFPE STUDIES

MATERIAL AXD METHODS

Two year o0ld twigs were collected from a young tree in
the Botanieal garden at various times of the year. These
were fixed in Craf III for a period of 24 to 30 hours. They
were aspirated while in the fixative. The pleces of tissue
which were excised with a sharp razor were very small,
measuring about Smm cube. They were embedded in Ester wax
(Steedman, 1960). This wax shows good penetration of woody
material and has proved far superior to paraffin wax for
enbedding and holding such tissues during sectioning.

' Before embedding, the fixed material was washed thor-
oughly, then dehydrated in a graded series of Tertiary Butyl
alcohol (Johancen 1940). The dehydrated material was passed
from a mixture containing equal parts of tertiary butyl
2lcohol and liquid paraffin through three to foﬁr changes

of fresh ester wax over a periocd of two to three days prior
to embedding.

By using this technique 64X thick sections couid be cut
fairly readily with a MINCT rotary microtome using a steel
Kknife. |

Sections were stained with tannic acid - iron =2lunm



PLATE 2 Hadial longitudinal section (R.LtS.)
showing the ray cells (oriented
vertically in the plate) and the
crystal containing cells (oriented

horizontally) . About X700.
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with safranin end orange G (Sharman 1943). Permanent
slides were made by mounting in Canada balsam.

Auxiliary polarized light studies were carried out
mainly to emphasise the phloem fibres and the crystal con-
taining cells in opticalvphotomicrographs. | This was
.accqmplished by‘a very simple arrangement using a piece of
"polaroid" over the condenser as polarizer and another over
the objective as apalyser. Quite vivid effects were pro-
duced.

Eschrich's and Currier's (1964) method was employed
to shéw callose deposition on the sieve p}ates. Fresh
material was used to cut free-hand sections. The sections
were then stained with resorcinol blue, which specifically
stains the callose cobalt blue. Sections were mounted in
the stain and photographed in colour on Ilford "Ilfocolor"
using a daylight filter. The exposure given was one tenth
of a second. Colour photography was aiso used in the case
of permaneant sections stained in Sharmanfs combination. The
sieve tube walls take a blue-black colour. The nucleil are
stained blﬁe-blaek with bright red nucleoli. The freshly
extruded nucleolus stains & red c¢olour but at a later stage
it stains a yellow.

In addition to this some macerated material was also



PLATE 3

Primary phloem fibres invested by

local cork cambium. About X400.

/T



prepared. TFor this the phloem part of the bark was

- removed with a sharp razor blade, left in 5% chromic acid
| fo# 48 hours then crushed with a glass rod.: = It was
washed thoroughly and stained with methylene blue. Phase

contrast pictures were taken using a green filter.



PLATE 4 T.S. under crossed polaroids showing

the tangential hands of phloem fibres.

About X200.
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GENERAL DRSCRIPTION OF TUE BARY OF SALIX CAPRAVA

The bark of Salix cerrazea 1is fairly typical of a

woody anglosperm and consists of periderm, cortex, patches
of primary phlcem fibres and phloem, yearly increment of
secondary phloem, and cells belonging to the cambial zone
(Flate 1). The secondary phloem possesses fairly
conspicuous tangential bands of phloem fibres; crystal-
containing eells are closely asscciated with them (Pl&fes 2
and 6). Both the phloem fibres and the crystals almost
£illing the adjacent parenchyma cells, show up very clearly
under crossed polaroids (Plates 4 and 5). Curiously no
crystal-containing cell is associated with the primary
phloem fibres (Plate 3). The sieve tube walls do not stand
out in polarized 1ight, &3 is sometimes the case (Risalputra
end Esau, 1964); presumably this is due to their lack of
an obvious nacreouns thickening. The xylea walls on the
contrary stand cut very coanspicuously.

Tannin is very sbundant in the phloem parenchyma even
in fairly close proximity to the cambium (Plates 6 and 7).
A; mentionsd below it is also abundant in the ray cells, but
onlj within the phloen. There did not appear to be any
evidence that the parenchyma of phloem formed early in the



PLATE 5 Tangential longitudinal section (T.L.S.)
Jj under crossed polaroids showing the
* phloem fibres and crystal containing

cells. About X200.
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year contained less tannin than that formed later (Evert
1963). |

Intercellular spaces are hardly noticeable in the
younger phloem, but as the tissue ages they become conspilcu=-
ous, until eventually with the increzse in circumference
consequent on growith large sclzo-lysigenous cavities appear
in the obsolescent tissue (Plate 8).
Fibres

A3 just mentioned secondary phloem fibres occur in
fairly well marked tazngential bands serving to delimit the
enmmal increments of phloemn. Differentiation of the fibres
by intrusive growth followed by.wall thickening begins to
be early Juxne. Plate 4 shows a transverse section taken
between crossed polarcids. The material was collected and
fixed on the 15th June, 1965. It is ovvious from the fact
that the thickening fibres are some distance away from the
eambial zone, that the fibre initials were formed a consider-
able time earlier.

The crystal-containing cells associated with the
secondary fibres are juxtaposed in continuous longitudinal
series which might be referred to as "septate fibres“.

Eays
The rays are all uniseriate and hetero-celluler



FIATE 6 T.S. of phloem. A seoondsury phloem

fibre bundle is shovm on the right «WEI

numerous tannin filled cells, some

About X310., J

close to the cambium.
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i.e, their upper and lower edges are formed of vertically-
‘elongated cells in contrast to the horizontally-elongated
cells foraming their middle portions. The ray cells have
profusely pitted{walls and all of them (except those newly
formed) contain sbundant tannin (Plate 2); .Commonly theré
are two to four radial rows ¢f conducting tissus cells
between the rays (Flate 1).

mter layers of Park

In the outer layers the bundles of primary phloem
fibres gradunally become invested.with a layer of periderm
(Plate 3). These bundles with contimued growth of the stem
eventually break loose and glve the bark its "stringy"
appearance. In younger stems the parenchyma below the
epidernmis develops cocllenchymatously and contains numerous

chloroplasts (Plate 8).



PLAIE 7

High la&gnifioation of part of Plate 6*
Several sieve plates can be seen#

Plastids are seen aocumulated near the
plates, Hote the denser cytoplasm of
the companion cells# About X750 (oil

immersion) #
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ARALYSIS OF PITLOLY AS AW BLECTRCXINETIC CHANYEL

Before embarking on the analysis of the phloem cell ty
dell. it will be heipful to défine the terms which will te
employed. This is done as follows (Esau end Cheadle,1955).
Cambial Initisls

These are the presumably single-layered cylindrical
| sheets of cells which, by dividing radially in both the
inward end outward directions, give fise to the new xylen
and phloem. |

Camhial Zone

Normally it is very difficult to distinguish between
the canbial initials snd their imuediate derivatives on

either side. Consequently all these cells, of similar

appearance are referred to collectively as the Cambial Zone
or as cambial cells.

Phloem Initisls

Cambial- cells destined to become pari of the phloem

ars referred to as phloem initisls or phlosm wother cells.,

In this sense & sieve tube or tubes with the assoeciated

conpanion cells will be epoken of as having originated from

the same mother cell.



PLATE 8

T.S. showing collenchyma cells with
chloroplasts near the epidermis. Some
inter cellular spaces are also seen.

Abo# X700.
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Tier

The products of the division of a single fusiform
cambial ihitial will form a radialnrow of cells, not necessar-
1ly everywhere one cell wide (tengentially) or ome cell deep
(longitudinally). Such a row will be called a tier.

Columns

Longitudinally, while the cambial initial of one tier
does not correspond exactly with initials above and below
it, 1t will cften be possible to trace more or less
continuous columns of sieve tube elemeants along the stem.

The connection is physiologlical rather than oﬁtogenetic.

Ray cells will not be spoken of in the above terms

but will be referred to as such.



PLATE 9

27

T.S. showing level I of tier I. This
tier (shown coloured yellow) is analysed

in Pig.l. About X700.

1



ANALYSIS OF TIERS

The present study is directed not so much to gaining
knowledge of the phloem structure of Salix oapraea for its
own sake or for reasons of comparative anatomy or phylogeny
but rather to provide an anatomical basis for assessing the
adequacy or otherwise for this species of the electrokinetio
theory of phloem transport. For this purpose it is
necessary to trace the living cells in contact with the
sieve tube elements along the files of the latter with a
view especially to seeing whether they could possibly provide
an adequate pathway for the flux of potassium ions suggested
by the theory. In pursuance of this programme, serial
transverse sections of the phloem of two year old twigs were
out at a thickness of 6yU (there was insufficient material
to use older branches which from some points of view would
have been preferable). Photomicrographs of the serial
sections are shown in Plates 9 to 16. These represent
every other section, but recourse was had to the intermediate
sections at frequent intervals during the analysis.

The tiers were analysed by first of all selecting on
the uppermost micrograph several radial rows with well-

marked outlines. These were designated A, B, C and so on.



PLATE 10 T.S, showing level IX of tier I,

About X700.

10



Each tier to be analysed was then followed down through
successive stem sections labelling it in each with the same
letter. Eventually of‘course it narrowed and finally dis-
appeared as the section reaéhed the lower extremity of the
fﬁsiform initial giving rise.to the tier. Having thus
found how to bring the photomierographs into fertical
correspondence ad jacent less well-marked tiers could be

labelled (as a, b, ¢ and so on) and similarly traced from

| section to section. Since the cambium of Salix eapraea

is not storied the tiers do not all end at the same level,
and this means that as files are followed downwards tiers
wili make thelr appearance between others already gilven
designations. These new ones were given desigiations such
as ap, a3 (between & and b) or ¢y, cp (between ¢ and d).
Hgving thus traced a eontiguous number of tiers down through
an adequate length of stem individual sieve tubes could be
treated in a rather similer way within tiers, being alloecated
numbers instead of letters. Thus dp would represent a
sieve tube element belonging to the tier of 4. On this
process it was often helpful or even necesszary to consult

intermediate photographs or even have recourse to the

original sections.



:PMTE 1i
!

T.S. showing level III of tier I.

About X700.

1

3/



- 32 =

The final process involved grouping the cells
within a tier in such a way as to give recognition to the
fact that a phloem mother cell derived from a cambial initial
usually divides into several cells before it matures, the
objeet being to trace the history of each cell in the tier

back to the original derivation from the cambium.
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PLATE 12 T.S. showing level IT of tier IiI

About X700.

12
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TIER - I

(a-1¢)

This tier has been coloured yellow in Plates (§uesld3)
and tracings at eight levels (spaced as indicated) are shown
in the attached drawing (Pig.l, A) together with a diagranm
of the longitudinal distribution of the cells (Fig.l, B).

Referring to Fig.l the cambial zone is at the left,
represented by four undifferentiated cells. The portion
of thils tier shown contains five sieve tubes (the numbered
cells). Wext to the cambial zone, there is a strand of
parenchyma cells contelning tannin,

The sieve tubes have been numbered from 1 to 5 in each
of the eight transverse sections, which are designated
"level VI etc” o0 agree with the transverse photocmicro-
Eraphs. ‘

Each of the ontogenetically reslated assemblages 2, 4
end 5 weré clearly derived from one phloem initial, that
acted a8 sieve tube mother eell., It 1s apparent from the
sections in Fig. 1-A that the companion cells usually »
occupy a position in between the radial and tangential walls
of the sieve tube, though they may occaslonally occupy -
either the radial or the tangential wall of a sleve tube
(see Fig.1l in & - cells III = 5; VI = 3 and VIII - 1).

However, ontogenetic relationship is not always quite



PLATE 15 T.S. showing level V of tier I.

About X700.
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PLATE 14 T.S. showing level VI of tier I

Ahout X700.

14
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so obvious; 1f assemblage 3 had not bteen studied through-
out, its companion cell (VI and VII in Pig.l A) would have
been mistaken for a parenchyma 6611 (as 1t looks quite large
in VI), |

The conmplicated assemblages 1 end 3 (Fig.l in A) are
interpreted as follows: - The first periclinal division
of the phloem initial giving rise to the assexblage 1
resulted in the formation of a longer and a shorter cell.
The longer cell served as the precursor of the parenchyma
strand X that extends below the sieve tube as shown in
Pig.1l (I of A). The shorter cell became the sieve tube
mother cell which in turn divided to give rise to the éieve
tube 1 and its associated companion ecell. The same sort of
division is also found in the assemblage 3, where the phloem
initial divided by an oblique wall to form & longer and a
shorter derivative., Unlike the previoﬁs one, in this case
the shorter derivative acted as the precursor of the
parenchyma strand Y in Fig.l aﬁd the longer cell served
as the mother cell of the sieve tube 3 and its assoclated
corpanion cell.
TIER - 1T

The portion of this tier shown (Fig.2) contains six
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PMTE 15

T.S. showing level VII of tier T.

Ahout X700.

15
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sleve %tubes. Lach of them is associated with more than
one companion cell, except sieve tube 4 (Fig.2 at B). Each
of the essemblages 1, 3 4 and 6 has been derived from one
phloem initial. The phloem initial acted solely as the
mother cell of the sieve tubes and their companion cells,
Sieve tube 5 (Fig.2), its associated companion cells and the
parenchyma cell in contact with it have however been derived
from the same phloem initial. The phloem initial in the
aasenblage 5, first divided to give rise to two unequal cells.
 The longer derivative acted as the immediats precursor of
the sieve tube 5 and its sssociated companion cells. The
shorter one ected as the precursor of the parenchyma strand.

TIER - ITI

The portion of'the fier shown here in (Fig. 3) contains
five sieve tubes. Each of the assemblages 1, 2,3 and 4
and their associated companion cells have been derivéd from
a single phloem initial, Sleve tubes 4 and 5 have two
corpanion cells each. In the case of assemblege 5, however,
the phloem initial gave rise not only to a sieve tube and
companion cells but also to the parenchyma strand X , as

in the case of assemblage 5 of the tier II. This
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PLATE 16

T.S. showing level VIII of tier I.

About X700.

16
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parenchyma strand ls longer than the sieve tube 5. Evidently
the phloem initial underwent an oblique division to give
rise to 2 longer and a shorter derivative. The longer one
- formed the parenchyma strand which can be traced down below
the sieve tube 5. Interestingly, parenchyma cells have
become tamnin filled very close to the cambial ZONe,
TIFR - IV

This tier contains (Pig. 4) seven sieve tubes. Towards
the left (Fig.4 at A) there are three undifferentiated cells,
which form the cambial zone. Next to these there are three~
parenchyma strands, Sieve tubes 1, 2, 3, 4 2nd their
‘associateé cells are each the exclusive products of one
phloea initial, no parenchyma cells sharing their ontogeny.
By contrast sleve tube 5, its associated companion cell
together with the parenchyma strand X (Fig. 4 at A at the
level IV) have been derived from the same initial. The
phloem initial first dividing periclinally gave rise to a
longer and a shorter derivative. The longer derivative
served as the precursor of the parenchyma strand (X) and
the longer derivative acted as the precursor of the sieve
tube 5 and its associated companion cell. An exactly

similar seguence of divisions took place in the assemdblage 7.



PLATE 17

T.L.S. showing sieve tubes with very
oblique sieve plates, nucleoli and a
slime plug. Companion cells can

also be seen. About X1500 (oil

X

17
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But in the assemblage 6, the two derivatives resulting
from the periclinai division of the phloem initial were
almost equal in size (Fig. 4 at B). Cne of them served
as the precursor of the parenchyma strand Y, while the
other acted as the immediste precursor of the sieve tube 6
and its associated companion cells.

From these analyses it is clear that there 1s a con-
siderable diversity in the pattern of divisions undergone
by a single phloem initial. This is similar fo the state

of affairs found in Calycanthaceae by Cheadle and Esan

(1958) and Evert and Derr (1965).
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ANALYSIS OF SIEVE-TUBE COLUMNS

The ohject of this analysis is to elucidate the
relation of the living cells - companion and parenchyma -
to the sieve tubes in order to throw light on the question
of whether they constituted an adequate "return path" for
the potassium ions as envisaged by the electrokinetic
theory of translocation. Longitudinally while the cambial
initials do not correspond exactly to simple unambiguous
columns, it is often possible to trace fairly definite
*functional’ cdlumns of sieve tube elements down the axis
and this has been done in the analysis which follows.
Column 1

This is analysed in figure 5. The number below each
drawing (e.g. T, 25) is the ordinal number of the serial
section from which it was copied. Since the serial
sections were & m thick the distance between the sections
can be at once found (in the example given it is
(25 = 7) x 6 = 102 n). Sieve tube element X overlaps
clement Y to which it is joined by & sieve plate between
5 and 7; similarly Y coverlaps 12 .between 25 and 30. It
can be seen that the companion cells do not 'run across'

the sieve plates as was originally envisaged in the
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electrokinetiec theory (Spanner, 1958). On the other
hand there is a continuous strand of parenchyma cells
running the full length of X, Y and % shown and in
immediate contact with them.
Column 2

Here again it is cbvious that the sieve plates are
not accompanied 1atera11§vby a continuous row of companion
cells linking the sieve tube elements; but again there is
a continuous strand of parenchyms cells, the latter in
contact with both the sieve elements and the companion cells.
The two sileve tubes Y and Z intercommunicate with a very
oblique sieve plate and companion cell coverage is in fact
co-extensive with this.
Column 3

Here the picture is a little different. There are
no parenchyma cell strands though the companion cell longi-
tudinal coverzge is a little greater. However, where the
companion cells overlap at the sieve plates they are not in
lateral contact with one another.

The conclusions to be drawn from this limited analysis
of longitudinal connections are not very far-reaching.

Superfieially the companion cell distribution would not
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PLATE 18

T.L.S. showing sieve tubes. Note
the thin wall between adjacent

sieve tubes and wall between sieve
tube and companion cell. About X1300

' ywX Sien”
(oil

18

93



554-

seem to lend strong support to'the electrokinetic theory.
The parenchyma stfands would seem to be a possible return
path for ions; but even then the route would appear to be
much less direct than the theory originally envisaged. The
tannin-filled cells are probably excluded, and the ray-
cells unlikely too to be of much significance in this

connection.



PLATE 19

T.L.S. showing the extruded nucleoli
(stained yellow) near the sieve plates
and a slime plug. Note the dense
cytoplasm of the companion cells.

About X750 (oil immersion).

75
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OBSERVATIONS

It is rather essential to get oneself equipped with
21l the details available of the structure of any organ
through.conventional optical microscopy tefere embarking
on electronuicroscopy.

The staining technique of Sharman (1943) was found

to be very good for the phloem of Salix caprsea.

Structure of sieve elements wall =

There are numerous pit fields on the sieve element
side of the common wall between the sieve element and its
companion cells (Plates 17, 18 and 19). This common wall
is very thin. Sieve areas between adjacent sieve elements
are also sbundant (Plate 18).

Sleve plates are very obligue and occur in the end
walls (Plates 17, 18 and 19) of the sieve elements.

Sieve plates are compound (Plates 20 and 21).

Callose deposits were well shown by Ischrich's and
Currier's (1964) method, which stains them a cobalt blue
colour with resorcinol blue (Plates 22, 23 and 2?).

Contents of the sieve element =

Ilere cytologic findings will be dealt with very
briefly. |



PLATE 20

Single sieve tube member showing the
compound nature of the plate; prepared
by a maceration technique. About X2»500 +vj

\Sv2. A1t
(oil oamlalon) .

20
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Protoplast -~

Sieve element differentietion begins after the
immediate precursor hes divided to give rise to the
mother cells. of the sieve element and essocliated com-
panion cells, Colour plate 2% shows an early stage in
this process, the dividing walls being still very thin.

In the fusiform initials more than one nucleus has
been observed (Plates 25, 26, 27 and 23).

In the coclour plates 29 and 30, one nucleus is
seen towards the end wall of a phloem initial, and
enother nucleus nearer the middle of the same cell, the
latter being in the process of extruding its nucleolus.
A thin wall can be seen near the emerging nucleoclus pre-
sunably dividing the cell into the mother cell of tﬁé
sleve element and its companion cell. Possibly in

salix cspraea the nucleolus may be extruded rather early

in the development of the sieve tube element. The

chromatic material of the nucleus disintegrates after
the release of the nucleolus. Immediately after the
companion cell is cut off, the sieve element undergoes
rapid radial expansion (Plates 19 and 29). In salix

the extruded nucleolus persists for quite a long time,
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R.L.S. showing oompoimd sieve plates,

starch and tannin containing parenchyma

cells. About X750 (oil Immersion).
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apparently throughout the funectional life of the sieve
tube (Platesk31 and 32). The nmucleolus looks qulte
small when 1% is inside the nﬁcleus. Dut after its
extrusion it gets larger end essumes a serrated outline,
and at the same time its colour (in Sharman's stain)
changes from red to yellow (Plate 19). Before the
nucleolus finally disappears it looks disorganized and
& blt elongated (Plates 31, 32 and 33).

Slime is apparent in the form of slime plugs near
the sieve plate in a number of micrographs (FPlates 17
end 19). Formation of slime plugs is interpreted as
én artefacf by most workers. It is difficult to say
with eonfideﬁce, in the present work, what was the loca-
‘tion of the slime in the funetioning cells, but there are
many indications of it in the immature elements ( Plates
25, 28 end 34). Strands are fregquently seen (Plates 32
and 34) and these may be similar to the strands sesn by
Thaine (1964), and Evert end Derr (1964). The mature
sieve elements are enucleate; though as Just mentioned
the rnucleolus persists.

Iumerous granules can b2 seen clustering mostly near



PLATE 22

R.L.8. showing callose deposition
on the sieve plate. The callose is
stained a cobalt blue colour with
resorcinal blue. About X750 (oil

Immersion) .

22



PIATB 23

R.L.S. showing callose on sieve
plates and sieve areas stained with

resorcinol blue# About X750 (oil

immersion) .

23
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PLATE 24 R.L.S. showing callose on sieve plate
stained with resorcinol blue* About

X750 (oil immersion).



the sieve plates. Presumnably the larger ones are
plastids. Some of the smaller ones are undoubtedly
starch grains released from broken plastids during pre-
paration, though some of the smallest may be mitochondria
(Plates 7, 19, 34).

Comnsnion Cell

Considerable attention has been paid to the relation
between companion cells and sieve elements. llany workers
now think that the companion eell plays a nmost important
role in the activities of the enucleate sieve element.

The protoplast of the coumpanion cell is dense unlike
the associated sieve elements. (Plates 6, T and 19). It
is a nucleate cell even at maturity. The cytoplasm looks
quite homogenous. The common wall between the sieve tube
and companion ecell is very thin.

Length =

The companion c¢ells vary greatly in their shape, size

and orientation. The lengths of some of the companion

Cheadleoy
cells (c.f.AEsau, Cheadle on Calycantvacese 19583) and

their associated sieve elements are given as follows.



I)

PLATE 25 T.L.S. showing sieve tubes of different
ages. In young cells more than one ,
nucleus can be seen. Slime appears as I

the cell matures. About X750 (oil

immersion) .

25
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PIATE 26 T*L.S. of young sieve tubes. The

pit fields are clearly shown. About

XI,500 (oil immersion). 5

26
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Tenecths of 21 sieve elements in microns

ere srranged in order of decreszsing lensth

with their associated eonmpanion eells,

Sieve Companion Sieve Compenion
elenent Cell element Cell
372 XX : 120 & 324 0 186 A
372 X 96 X 224 U 120 11
372 X 48 X 324 L 110 &
324 X 108 XX 252 0 T3 0.
324 X 102 XX 216 A .54 T
324 A 96 AX 210 180 M
324 X 90 X 210 AL 108 AL
324 XX 84 210 & €4 AL
324 A T2 XX 210 X 18 1L
| 192 A% 134 &1
144 & T2 L

These measurements were made from transverse sections
6 AL thick,

Parenchyma Cells

Although much consideration has been given to the
relation between companion cells and sieve elements, until

recently 1little attention has been paid to the physiological



PIATE 27 T.Ii.S. showing young and newly matured
cells. Note the pitted walls between
adjacent sieve tubes which represent
the primary pit fields and later sieve
areas. The nucleoli are not yet
extruded. They stain reddish as in
the parenchyma cells of the strand at

the bottom. About X750 (oil immersion).

27
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PLATE 28

T.L.S. Recently released nucleolus

(in the centre) where the nucleolar
material still stains reddish. The
chromatin of the disintegrating nucleus

is still visible. About X750 (oil

immersion) .

28
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relation hetween parenchyma cells énd sieve elements.
Cytologitildetails of the parenchyma cells will be
discussed under electron microscoplic observations.
The parenchyma cells in the secondary phloem of
salix carnraea can be divided into two~£§§;;s. Some
‘which are derived from the phloem initials which glve

rise to only parenchyma cells and some which are derived
from phloem initials which serve also as the precursors
of the sieve elements. Bota the-g;;a@a are seen in
tier I (Fig.l). The parenchyma strand in between sieve
tuheé 3 and 4 (Pig. 1) belcng to the first group but
those immediately to the left of sleve tube 1 and in be-
tween 2 and 3 belong to. the 2nd group.

In additican to the above grouping parenchyma czlls
can be classified sccording to their contenis; crystal
containing cells (Plate 2), tannin containing or starch
containing cells (Plates 6, 21 and 24).

The erystal containing cells are confined to
taﬁgential bands in the secondary phloem of salix. They
are slways associlated with the phloem fibres (FPlates 2,4

end 5). There is no such obvious pattern, however, in

the distribution of the tznnin-filled cells.



PULTB 29 I.1i.s. showing yonng and matured eella.
Xn the centre a nucleolua eeems to be n
in the process of being released from |

the nucleus (cf.Plate 28). About X510.

29
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PLATE 30

Higher magnification of Plate 29,
This shows clearly the nucleolus
emerging from the nucleus, A
newly formed oMlque-longitudlnal
wall is also risible. On the left
there is another nucleus near the
end-wall of the same cell.

About X750 (oil immersion)

30
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In soma the parenchyma strands are longer thaan
their ontogenetically related sieve elements (Figs.l,
3 and 4). | |

- Below are given the lengths of some sieve elements
with their assoclated strands of parenchyma eell‘s.

Iengths of 7 sieve elements in microns

grranred in order of deecreasing length

with thelr associated parenchyna strands

Sieve elements Parenchymna strands
324 1 ' . 204 0.
324 KX : 132 &
264 K ' 772 A
264 1L 176 &
282 U 300 Ax
192 KX 210 A&
192 & 150 A&

These measurenents were made from serizl transverse

ssctions 6 U thick which naturally limits their accuracy.



PIATE 31

T.X»,S, showing persistent nucleolus
even in an old sieve tube. Note
the disorganized appearance of the
nucleolus which stains yellow.

About X750 (oil immersion).
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PLATE 32

T.L.S. showing nucleolus in an old
eell probably in the process of dis-
integration. Note the longitudinal
plasmatic strands with plastids in
one sieve tube (upper centre).

About X750 (o0il immersion).

32



PLATS 33

T.&.8, showing old oella and
oonparatively young o#ll* both
with extruded auoleoXi* Conpere
the eppearanee of nuoleoll on
both types of eell.

About X310.

33



PLATE 34

T.L.S. showing some longitudinally
oriented strands in the sieve
tubes. Staroh grains, some within
plastids are congregated near the
sieve plates. About X750 (oil

immersion) .

34



- 78 -

CHAPTER 1III

REVIEW




In this Chapter are summarised
the main conclusions from electron
microscopical work on the phloen
particularly as it bears on the gquestion

of the mechanism of translocation.
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CHAPTER IV

ELECTRON MICROSCCPY
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PIATE 35

Tangential longitudinal section,
showing two sieve tubes end a
nucleate conpanion cell at the
left. In the centre ﬁear the
Bleve plate & nucleolus can be
seen. OStalned with lead ecitrate,
Magnesium uranyl acetate and lead

citrate. X5,000.
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- PTIATE 36

?.0.3. shocwing & nucleclus,
plastids, and slime fibrils.
Stained with lead citrate,
uranyl acetate and lezd citrate,
X20,000.
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PRUPATATION CF TISSUES POR Tith EIECTIRON MICROSCOPE

On eccount of its higher turgor and peculiar structure
tissue containing sieve tubes is well recognised as being
difficult to fix without introducing artefacts, especially
such as may be caused by a sudden release of pressure. This
problem had therefore to be faced, and in the main the
methods used to surmount it were fairly well-established
ones,

Longitudinal stripsvof bark (about 2" x %) were cut
with a sharp razor blade direct from the intact stem and
placed at once in 0.25 1M Mannitol, containing 1/15 U
rhosphate buffer of pHT. The objeet of this was to reduce
the turgor of the tissue before excising small pieces for
fixation. The procedure followed earlier workers (Cuerier,
Esau and Cheadle 1955).

Mannitol was used instead of sucrose to aveid any
possible uptéke of the latter which might reduce the osmotic
potential of the external milieun, there being a priori
reasons for believing that sucrose might be absorbed by
sleve tubes. Ia sunaer the-outer tissues separate very

easily from the woody cylinder at the cambium, and most of
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PIATE 37

T.L.5. showing a nucleolus
near a sleve plate. Stained
with lead citrate, uranyl
acetate and lead citrate.

X10,000.
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the work reported here was in fact done on tissue collected
in the spring or early sunmmer. In the dormant season the
separation is more difficult, and in any case winter phloenm
proved very hard to infiltrate and embed satisfactorily
which further handicapped its investigation.

After an hour in the lfannitol small cubes of phloem
tissue of about 0.5 mm edge were cut from the tark with a
sharp razor and transferred to fixative, sometimes the
cutting end was performed after transferring to fixative.
Pixation |

- Fixation was carried out in 4% glutaraldehyde made up
to contain 0.25 M lMannitol and m/15 phosphate buffer of
piT. The vial was espirated several times under a vacuun
pump (to a pressure slightly greater than the vapour
pressure of water). [Normally this served to get rid of
2ll air; but material collected in winter proved exception-
ally difficult to handle and even days under vacuum failed
to clear the lumens of the phloem fibres, which showed up
as silvery streaks when the tissue was finally embedded in
Araldite. Sectioning of such material was accordingly

very difficult and after many attempts, was abandoned.
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PLATE 38

T.L.S. of sileve plate showing
two nucleoli, one on either
side of the plate, eut, off-
. u{>‘?e\(
centre. Note the lewer one
hes more than ons centre.
Stained with & lead citrate,

Magnesiunm ﬁranyl acetate and

~ lead citrate. X20,000.
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PLATE 39

T.L.S5. of sieve plate showing two
nucleocli one on either side of the
plate, and slime strand. OStained
with lead citrate, uranyl acetate
and lead citrate. X10,000.
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Fixation in glutaraldehyde was carried out for four hours.
Phe specimens were then washed very thoroughly overnight
in phosphate buffer, or for shorter pericds on a slowly-
_rotating tuubler.

Post-Pixation snd Lehydration

The tissue blocks were next post-fixed in 1% Osmium
tetroxide containing the same buffer for one hour., From
this they were washed thoroughly in plain buffer and
dehydrated in the ususl way in a graded ceries of aleohols.

All the solutions were used at room temperature.
Glutaraldehyde was obtained either from L. Iightend Cempany
or Taab Iaboratories as a 257 solution end de-acidified
before use by shaking with a small gquantity of barium

‘carbonate and filtering (Xay, 196%).
Fmhedding

The dehydrated blocks were transferred through &
£0:50 mixture with sleohol to water-free propylene oxide,

a reactive ligquid residual traces of which can enter into

chemical combination with the polymerising resin (Iuft 1961).

After cne or two changes of propylens oxide resin mixture
(ses as follows) was sdded sccording to the following

achedule:

Lo
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PIATE 40

T.L.S5. sieve tube and companion
cell showing zmcleolué cut off-
centre and lamellar boedies near
the wall., Stained with lead
citrate. X1%,000,
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PLATE 41

T.L.S5S. of sieve tube and companion
cell showing a nucleolus and slime
fibrils in the cell lumen. Vacuole,
mitochondria endoyplasmic reticulum
can be seen in the companion cell,

Stained with lead citrate. X20,000.
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i) Propylene oxide + resin 2:1 <for 2 hours
i1) - ditto - 1l:1 overnight
111) - aitto = 1:2 for 18 hours
iv) DPure resin, charge twice daily for 2 to 3 days,
with evacuation to remove air and propylene oxide
during the first change.
¥here ap§r0pr1ate the materiasls which were in 11* x 1*
polythene-capped glass specimen tubes, were “tumbled" on
a disc revolving at a slow-speed; where this could be
done times eould be shortened to an hour or two.

For polymerisation the resin mixture was at first trans-
ferred to.small polythene EEZU capéules; later it was
found preferable to pelymerise in drops of resin spotted
on a2 sheet of polythene 1/16" thick. Orientation was
simpler, end the tissue blocks could later be cut out and
stuck to resin blanks with Araldite adhesive for mounting
in the microtonme.

Eeat treatment was carried out at 40° overnight
followed by about 48 hours at €GOC.

Besin mixtures - FPOW

The resin mixture tried first was Epon (Epikote 812
in Britain) ss recomuended by Iuft (1961). It was made
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PTATE 42

T.L.5. sieve tube showing

a nucleolus cut off-centre,
starch grains and slims
fiorils near tha plate.
Stained with lezd citrate,
Magnesinm uranyl acetate and

lead citrate. X15,000.
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PIATE 43

Fine structure of sieve tube
nucleolus shown in plate -36

X120,000 taken at X60,000.
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up as follows:

Mixtore A
Epikote 812 62 ml
Dodecenyl succinie anhydride (DDSA) 100 m1

Lixture B
Epikote 812 100 m1
Yethyl nadic znhydride (uNA) 89 ml

Each mixture was stored at 4°C in a polystyrine
specimen tube with pciythene cap. Vhen required for use
the tubes were allowed to0o warm to room temperature before
cpening (as Epon is hygroscopic to a small extent) and then
mixed in the ratio of 3:7 with about 1.5 to 2% of DHP 30
(2, 4, 6 tri (dimethyl amino-methyl) phenol) added as
accelerator. |

Experience with'Epon was for one reason or ancther
not very successful. This may have been due partly to
the effort to seetion the difficult dormant tissue, and
partly to the resin being moist. DPease (1966) mentions
the 1liability of Epon to this latter defect and hints that
Possibly‘for this reason it is not so regulerly suecessful.
It was also found that Epon seetions could not be “expanded™

with xylene vapour when floating on water in the knife bath;
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PLATE 44

T.L.S5. of a young cell from

cambial zone showing nucleus

. with two nueleoli. Note the

latter show no radiating
structure. Stained with lead
citrate, uranyl acetate and

lead citrate. X15,000.
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PLATE 45

T.L.S. showing twé ad jacent
sieve tubes,a phloemA paren-
chyma eell, e nucleblus near
the sieve plate. Stained
with lead citrate, lagnesium
uranyl acetate and lead citrate.

X5,000.
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further the resin seemed to be a little unstable under

the electron bvean,.
ARATDITE

Por thess reasone, and after considerable effort,
attention was turned to Araldite. Pease reeommends'this
a8 being one of the most reliable embedding materials

available., The mixture used was as follows (Hay 1965):

By volunme By weight
Araldite ¥ (or Cy 212) 10.0 ml 11.3 g
DS 10.0 ml 10.0 g
D7 30 _ 0.5 ml 0.5 g
Divutylphthalate 1.0 ml 1.0 g

It was found more convenient to mix the relatively
small amounts required by dispensing the constituents
gravimetrically using a Torbal balance. This method was
quick and precise, and avoided soiling measuring glassware,
the ingredients being dispensed directly from their original
eontainers., It necessitated however measuring the

densities and these are recorded below:

Arzldite M 1.135 g per e.c.
DDSA 0.999 * " "
D3UP30 0.970 ™ " "
Dibutylphthalate 1.038 : : :

LXA 1.237
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PLATE ‘45

Longitudinal section through
thick wall of & sieve tube.

KNote the mitochondria,lamellar
bodies, plasmalemme snd note
also the parenchyma cell lacks
fibrils. Stained with lead
citrate, Magnesium uranyl acetate

and lead eitrate. X40,000.
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The constituents, now in a 1} x 3" polystyrine
specimen tube were mixed very thoroughly either by stirring
with & 3" glass rod for 10 minutes end then “tumbling" at
a slow speed for an hour or so, or by subjecting to agita-
tion with a piston which fitted the tube with only a small
clearanee, followed by tumbling. Eoth methods cause the
trapping of many small .air bubbles, and these were got rid
of by holding the mixture under a vacuum about 1" off
abséluté for 5-10 minutes. The tube was then closed with
a pclytheneAcap and stored in the freezing compartment of
the refrigerator 1111 required. It was always allowed to

warm to room temperature before opeaning.

FEPHACRYTATE

As mentioned earlier phloem fibres in dormant tissue
proved impossible to infiltrate, even when held under
vacuun for nearly a week both at the aguecus stage and also
when dehydrated and in resin. To some extent this mey
have been due to the viscous nature of the resin, and
attempts were made to try the recent technique of using
¥ethacrylate cross-linked with styrene. Detalls were
supplied by Dr. E. C. Cocking of'Nottingham. The mixture

vas as follows:
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PIATE 47

Longitudinal section showing
the thick wall of sieve tube,
end two mitochondria, Note
the double memdbrane of the
mitochondria. Stained with
llead citrate, uranyl acetate

and lead citrate. X40,000.
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7¢% (by volume) butyl methacrylate (inhibitor removed)

30% (by volume) vinyl benzene (“styrene" -inhibitor
not removed)

| 1-2% (W/v of the total embedding medium mixture) benzoyl
peroxide.

Approximately 1 teaspoonful (per 20 ml medium) CalOy
- anhydrous granular.
The mixture was made up l-2 hours before embedding,

swirling gently to dissolve the Lenzoyl peroxide. It was
centrifuged Just before using to remove the Cal0y.

geetioniny Araldite blocks

In later work where the tissue blocks were embedded in
drops of resin on a flat surface the procedure was to cut
these out with en x-acto microsaw and fasten them with
domestie araldite adhesive to the enlarged apex of an
araldite blank cast in a EIEM capsule. S50 mounted they
required only a little additional trimming, and this was
done with an ordinary 3-hole razor blade under a binocular
microscope. The f£inal facet was usually quite small,
about 0.3% mm square.

Sections were cut on a Huxley microtome with motor
drive. Glass knives made by an LEB knife-maker were used,

and the flotation liquid was plain distilled water. The
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PIATE 48

Possibly the face view of a

sieve area. Note the callose
deposition snd the slime fibrils.
Stained with lead citrate, uranyl
acetate and lead eitrate. X40,000.
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araldite sections were expanded by holding over them a
camel hair brush dipped in xylene; but in the case of Epon
sections this prcocedure produced no obvious result. The
sections were picked ﬁp on cbpper'grids coated with a
formvar £ilm on which 2 thin layer of carbon had been evapo-
rated. liost often; the formvar had not been subsequently
removed.
steining .

Araldite-embedded sections require stalning to improve
their contrast; Three schedules were useds

1) Sections were stained in freshly prepared Reynold's
lead citrate for 25-30 minutes, washed thoroughly with
0.02N Sodium Hydroxide and COp free distilled water, stzlned
in freshly prepered 1% uranyl acetate in 70% slcohol for 10
minutes and then given a final washing in dietilled water.

2) Sections were placed for 2-3 mirutes in lead citrate,
washed, placed for 30 minutes in 1% uranyl acetate in 707
alcohol, washed and then stained for a further 1-2 minutes
inlesd citrate before final washing.

3) Similar to (2) but 2% uvwranyl magnesium acetate in
704 aleohol (Fraseca and Parks, 1965) was substituted.

It is difficult with the amount of results to hand to
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PLATE 49

Possibly the face view of a sieve
erea., Note the slime fibrils,
lipidydroplets, plastid and callose
deposition. Stained with lead
citrate, uranyl acetate and lead

eitrate. X40,000,
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gay which of the three schedules was the most satisfactory,
but the impression was that schedule No.(2) proved best.
Schedule Xo.(3) was quite good but 1t did not stain so
deeply as No.(2), and the edvantage of lower contamination
rate claimed for the magnesium acetate did not seem in the
present case to outweigh this.

Treatment in the staining solutions was carried out
at first by floating the grids face downwards on drops of
stain standing on dental wax in a COp-free atmosphere. This
often seemed to result in contamination of the specimens
with insoluble deposits. Latér the methed of W. J.
Dougherty (1967) was successfully used. Here the grids
remain wholly submerged excépt when distilled water is con-
cerned, and so never have to pass through thé surface of
the staining solution where lead or uranium preciplitates

collect.

Exeninstion in Vieroscorpe

The sectiorns were exsmined in a new AEI EX5 B mieroscope.
A lot of preliminary breakdowns especially with the speci-
men airlock occurred with this and as a result the work

w25 often held up. Formally, sections were examined at
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PIATE 50

A portion of Plate 49 magni-
fied to show the slime fibrils,
lipiddroplets. = Taken at
X40,000. X30,000.
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60 KV. Initially the instrumeat waz adjusted for high
nagnification work and suffered baldly from chromatie
change of magﬁification at low magnifications (up to about
x 10,000), Thia was rectified in July 1967 end sub=-
sequently the low magnification performance was much im-
proved.

Fhotographs were taken on Ilford K50 plates and
rrocessed in Ilford ID 36 phenidone and Kodafix.
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PLATE 51

Iongitudinal section showing a sieve
tube and 2 companion cell. Note the
branching of plasmodesma towards the
companion cell side and the dense
cytoplasm of the'companion}cellﬂwith
ER, Monitochondria. Stained with.
lead citrate, uranyl acetate and lead

citrate. X80,000.
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CESERVATIONS

Introdnetion

All the sieve tubes examined under the electron-
microscope were apparently mature ones. Phloem fibres
are lzid down in positions fairly close to the cambium
which renders the section of sieve tubes of differing
ages for sectioning not an entirely straightforward
matter, and this coupled with the time factor of the work
prevented’the original objective of an ontogenetic study
from being realised. In the following deseription there-
fore it must be borne in mind that mature cells are being

discussed. Their various features are considered in turn.

The Melesclus

The sieve tubes of S21ix carraes as usual contain no

nucleus; but this species is one of the apparently
nunerous class in which the nucleus on disintegration ex-
trudes.(usually one) prominent and persistent nucleolus.
This has already been illustrated in the chapter dealing
with the light microscope investigations. Kuecleoll have

been described in electron mieroscope work in Passiflora

(Kollmann 1960); Cucurbita (Buvat 1963 ¢); Tilia (Evert
end Murmenis 1965); Impatiens (Engleman 1965 b). On



- 154 -



Cross-gection showing the fine
branching of & plasmcdesma
between a sieve tudbe and & paren=-
chyma cell., Stained with lead
citrate, uranyl acetats and lead
citrate, X120,0CC,



T Ee

o %

52




- 156 =



PIATE 53

Longitudinal section showing a
plasmodesma between a sleve tube
and a parenchyma cell. Note the
mitochondria, ER and vacuole in
the parenchyma cell, Stained
with lead citrate. X40,000.
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the other hand there are cases where these naturally
esonspicuous organelles sre apparently absent; as in

Nymrhoides (Mehta and Spanner 1962; Johnson 1967),

Pisum (Bouck and Cronshaw 19653 Wark aad Chambers 1965)

Acer (Northcote and Wooding 1966); Mstaseguela (Kollmann

end Schumacher 1960); Dioscorea (Behnke 1965 a); Vitis
(Esau 1965 c¢); Feta (Esau et el 1967). Vhether there is
eny constant difference in the contents of the sieve tubes
of the latter group of species which correlates with the
disappearance of the nuciéolus is a'question which 1t is
perhaps premature to consider. It ma2y be questioned, in
rassing, whether the structure deseribved in such studies
as the present is truly a nucleolus as understood by
chromosome cytologists.

“In appearance the nucleolus of Salix caprsea is aimilar

to previously - described sieve tube nucleocli. 1t appears
irregularly spherical with a curiously radiating structure,
the rays being of variable length and giving the surface
its urchin-like contour (Flates 35-42 &45). The radiating
elements sre parallel sided, not conical, and as a con=-
sequence they cannot all be traced back to a single centre.

While in suitable sections the broad impression is of a



- 159 -



PIATE 54

An oblique section showing
the slime fibrils and a
mitochondrion with swollen
cristae near the sieve plate.
Stained with lead citrate.
X50,000.
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PLATE 55

Longitudinal section through a sieve
tube wall showing two mitochondria,
ER, a wvesicle and membraznous structure
near the wall. Stained with lead
citrate, uranyl acetate and lead

citrate. X20,000,
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single centre for the radiating lines, in detail the
structure near the centre 1s seen tc be more complex,

often giving the impression of a "finger print" pattera
(Plate 43). Soﬁatimes the impression is of more than one
centre (Plate 38). Vhere the plane of the section passes
fairly near the periphery of the organelle it is cbvious
that the appearance presented will be of several discrete
islets of nucleolar material with the linecar character of
the elements much foreshortened. This is probably the case
in the upper nucleolus of Plate 38, and in other cases
illustrated (Plates 40, 41 & 42), The elements themselves
appear to be tubular rather tian simply fibrillar. This

is most obvioué in Plate 43, both where the elements are
sectioned longitudinally, end in the lower left-hand
corner where they are sectioned transversely. The dia-
meter (see facing arrows —3» <«—) seems to be about 60-T0A,
rather finer than the slime fibrils to be discussed later,
though in lower power micrographs (Plate 36) owing probably
to their coalescence in bundles they appear considerably
coarser thzn the latter. There appéars to be no sign of
any banded structure in the elerments, such as is the case

in the slime fibrils (sece later). There seems incidentally
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to be no obviocus connection between the nucleolus and the
latter. The impression is that the nucleolus seems often
to be surrounded by a narrow region free of fibrils (Plates
%6,37,39 & 61 ) the latter having contact with it only at
the ends of its rays. The 60-70 A dimension just noted
may be compared ﬁith the figures given by Kollmann (1960)
111lustrated in Figures % and 6. It seems probable that
the linear elements in the Salix nucleolus are similar to

these in Passiflora nucleolus.,

Within the body of the organelle are sometimes to be
observed lighter (Platezs) or darker (Plates 36 & 37) areas.
Thesé ﬁay be compared with the "core" observed in the
nucleoli of gilig‘by Evert and Murmanis (1965) but how ciose
is the hbmology it 1= hard to say.

One feature of the distribution of nuclecll in the
sieve tube deserves notice. This is that while they are
usually to be féund in the region of the sieve plate '
(Plates 35,37,38,39,40,42 & 45 contrast 41) not infrequently
theré*is a nucleolus on both sides of the plate (Plates
38439, This makes 1t difficult to interpret their pre-
sence there as an artefact of pressure release.

Owing to the difficulties encountered earlier in
embedding dormant phloem, and to the 1imited time the
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PLATE 56

Longitudinal section showing

e sieve tube and a parenchymaicl).
Fote the mitochondrion-like
structure., Stained with lead
citrate, lagnesium uranyl

acetate and lead citrate.X30,000.
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PIATE 57

Longitudinal section through

a sieve tube wall., QNote the
swollen eristae of the mito-
chondrion. Stained with lead
citrate, uranyl acetate.X60,000,
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microscope was available no couments can be made on the
ultimate fate of the nucleolus. It may well persist till

the sieve tubes become obsolete (Esau 1947).

Sieve tube wall

There is little unusual about the walls of the sieve

tubes in Sallx cavraea. In the mature cells they are not

outstandingly thick, certainly not nacreous (Plates 35,45,
46 & 4T). Where the sieve tube is in contact with a
companion cell the wall is much thinner (Plates 3%%,41,79,
90). Sometimes the wall between adjacent sieve tubes is
thin (Plate 35 & 45) and sometimes too between a sieve tube
and an adjacent parenchyme cell (Plate 45). No doubt

these detalls represent ontogenetic relationship and are not

necessarily functional or diagnostiec.

Plasmodesmata

Plasmodesmata occur fairly frequently between the
sieve tubes and companion cells. They are lined with
céllose at least in fhe prepared condition, though in view
of the considerable evidence (e.g. Eschrich, 1963 a;

Evert and Derr, 1964; Engleman, 1965) that callose forma-

tion in response to wounding is a very rapid process,'some
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PIATE 83

An obligue longlitudinal section
of the sieve tube showing two
mitochondria. Stained with
lead citrate, uranyl acetate and

lead citrate. X40,000,.
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PIATE &9

T.L.S. showing & sieve tnbe

and & companion cell. Note

the nusleus, ER,1in the compan-
ion cell. Stained with 1lead
eitrate, uranyl acetate and lead
citrate X30,000.
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2t least of this eallose is probablj an artefact.
Plasmodesmata were not found in numbers justifying a
stronger adjective than "falrly frequently".

Plate 51 shows a rather oblique section through a
Tlagmodesma Joining a sieve tube and companion cell as
has been often noticed by other workers'(e;g. Lvert,
Murmanis and Sacha, 19663 Johnson, 1867); +the structure
is simple and wide at the sieve tube end, branches within
the wall thickness and enters the companion cell as a
number of distinct and much finer channels. Some of these
latter ones shown in the photograph, cut transversely.
Plates = %2 & 53 each show a plasmodesma between a sieve
tube and e simple parenchyma cell. It is cbvicus that the
cheracteristic delta~like structure Jjust described is

absent here, or at most very rudimentary.

iitochondria

Like other species, Salix carraea has mitochondrie in

its sieve elements though not abundantly (Plates 38,46,47,54,
5%,56,57,58,& 59 ), It is to be noticed that the
cristae of sieve tube mitochondria often show &n unusual

bloated appearance (Plates 46,47,54,55,5T7 ) and to some
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PIATE 60

An oblique longitudinal section
showing possibly a sieve area,
plastid with starch grains, slime
f£ibrils and lipid droplets. Stailned
with lead citrate, uranyl acetate

and lead citrate. X40,000.
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PLATE 61

& portion of Plate 36
magnified to show 2
plastids and their poss-
ible connection with elime

fibrils. X40,000.
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extent those of companion cells do too (Plate 90). Cther
workers (e.g. Johnson, 1967) have also found this end they
are very noticeable in Esau, Cronshaw and Holfert's study
(1967) on phloem from plants infected with beet yellow
virus. To what extent this is an artefaet is difficult
to say. Sieve tube mitochondris, as usuzl, occupy the
parietal position and are often found near the sieve plate.
¥hen seen in surface view the outer membrane often appears
"fuzzy" (Flates46,47).

Companion cell mitochondria may possess the bloated

appearance or may be more normal, (Plates 41 & 51)

Plestids

These are found near the parietal leyer of the wall
or near the sleve plate (Plates 49,60,61,62,6466).They usually
laok very nuch disorganised, They have darkly stained
regions and electron transparent regions. The latter are
thought to be starch grains. Ver& often lots of released
" stareh grains are found'clustering near the sieve plate
(Plate 65.). Probably these are released during prepara-
tion, this appearance being thought to be an artefact by

many workers. The outer meﬁbrane of plastids is sometines



- 181 =-

WA e e -
BT i .~
LR <



- [ -

PLATE 62

An oblique section through a
sieve plate showing & plastid.
Note the fibrillar appearance
of the plastid. Stained with
lead citrate, uranyl acetate

and lead ecitrate. X30,000.
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PIATE 63

Longitudinal section of a
sieve tube showing three
unidentified structures,
apparently breaking. They
might bYe degenerating
plestids. Stained with lead
citrate, uranyl acetate and

lead citrate. X40,000.



» 2

] m"
:r . «r

-

f2ti

o

Tu

63



~-185 -~

found to be covered with protruslons like thdse of
mitochendria (Plates 61,62,%64).0ften they seém to be
cldsely assoclated with fibrils (Plate 61 ). A break-
ing up of plastids into fibrils was suggested by Falk

(1964) in sieve elements of Tetragona expansa. )il

further suggested that these f£ibrils were similar to
slime fibrils. In Salix, the fibrils hardly seem to
arise in the plastids in this way, but the micrographs
of the plastids are hardly good enough to be critiecal.
Some unidentified bodies of rather different appearance
(Plates 63 & 71 ) are very similar to certain
structures called plastids by Buvat (1963 2). It is
difficult, however,'te be certain of the identification.
In Salix released starch grains are found inside the
sleve platé pore (Plate €5 ). This might be due to the
sudden release of turgor during manipulation. Alternative-
ly, the electron-transparent regions may be sections of

protruding irregularities in the callose cylinder.

Plasmalemms

The plasmalemma in Salix is quite similar to the
ones found by other workers., It is composed of two dark
layers separated by a lighter one in the middle (Plates
4&, 6T, 68, 69, TO and 71 )., The plasmalemma appeared
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PIATE 64

An obligue longitudinal section
through a sieve tube showing two
plastids near the sieve plate.
Stained with lead citrate and
uranyl scetate. X20,00C0.
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PIATE 65

T.L.S. through sieve tﬁbe show-
ing a sieve plate, slime fibrils
and relezsed starch grains, - Note
cne starch grain in the pore.
Stained with lead citrate and
uranyl écetate. X20,000,
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PLATE €6

T.L.5. through a sieve tube, showing
the sieve plate. Note the callose

on the sieve plate and two apparently
degenerating plastids. OStained with
lead citrate, uranyl acetate and lead

citra te. X15,000.
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to line the pores through the sieve plate and is con-
inious from one sieve tube to the next. (Plates 67, 69

70 and T71).

Tonoplast

On the moot point as to whether or not & tonoplast
gtill exists in the functioning c¢ell the present results
throw 1ittle light. Most authorities agree that it does
not; the use of the term "mictoplasm™ presupposes this
view. However Tamulevich and Evert (1966) have lately
suggested that in Primmla there is a membrane "which
apparently separates parietal cytoplasm from the central
cavity". Most micrographs in the present study support
the view that the tonoplast has gone. The parietal
¢rganelles seem to have no membrane covering, and the
slime fibrils penetrate well into the cell lumen (Plates
46, 52, 56 and 79 ). However there are cases
where one cannot be so dogmatic (Plates 72 and 73 ).
A priori 1t would not be surprising if in the general dis-
organisation and dismembrenement of a fairly stable

structure likxe the tonoplast fragments were left like

flotsam in the cell lumen.Plates 45&48may easily fllustrate
this possibility. '
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PLATE 67

T.L.5. showing a portion of &
sieve plate. ©Note the plasma
membraﬁe lining the pore &nd a
membranous aggregate. Stained
with lead citrate, uranyl acetate
end lead citrate., X50,000,
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PIATE €8

T7.L.S. through a sieve tube wall.
Plasmalemma is clearly seen with
the trilaminar tubular structure
possibly ER. Stained with lead
citrate, urenyl acetate and lead

citrate. X£0,000.
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PIATE 69

Transverse section through
a sieve plate. Kote +the
plazma membrane lining the
pores and the callose
cylinders. Stained with
lead citrate, uranyl acetate

end lead citrate. X60,000.



69



.199 -

fndnnlasziae retionlun

Under this hesding will ve discunsed a number of
features revealed by the micrographs the nature of which
- 43 & 1ittle uncertain. It can be stated 8% once that in

the mature sieve tube of [alirx ezpraea the endoplasmie

reticulun is not at all conspleuocus. In a typical form
the method of fixation and eiaining employed shows 1t
£airly readily in the companion cells (FPlates 41,5L&59 )
so that it should be revenled in the sieve tubes if present
‘in tkezm. Cecasional traces only ere found, however
(¥latss 55,68,74,77,78 &79). Ko such extensive develop-
mznts &8 were shown in P’i s n m (Bouck and Cronshaw,1665)
or in fcer (Northcote end vcoding, 1466) were ever found,
provably due to the fact that these authors were alle to
investigate ontogenetic sequences and so picked up earlier
stéges.

& ccnéiderable nunber ¢f cases of what has been
interpreted as rather non-typical endeoplasaic retlculun
were however found, Sometimes this was in the form of
what apreared to be vesicles within vesicles (rlates 46,51
87 and 89), thoush this amirit possibly be dus to
rempants of other organelles, sucn as dietyoscmes, though

these comncnly kave disappesred by this stage. Gther
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PIATE 70

A portion of the Plate 66
hag been magmiﬁed to show
the sieve pore, plastids
and the plasma membrane.

150.000. '



70



- 202 -



1 A S

PIATE  T1

T.LeSe. of a sieve tube
showing a portion of the
gleve plate lined with
plasmalenma. Hote the
ezllose, banded fidbrils
end possibly 2 plastid.
Stained with lead citrate,

uranyl acetate and 1lead

eltrate. X40,000.



M/>N*

mE*vi,

*¢ 0 \¥YMX M\

71



- 204 -



PIATE _ Tla

A portion of Xlate 71
has been enlarged to
show the banded fitrils
in the pore. £8C,C0C.
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workers have found sinilar imares in mature sieve tubes
(Duvat, 1563 d Bouck end Cronshew 1565) end identified
them with the endoylaaﬁic reticalunm.

At other times what anpeared to be reticulua
occurred es short lamella stacked in formations mere or
less perpendiculsr to the sleve tube wall (Flates 40,46,56,
57,68 & 74) or parallel to it (Plates 46,55,57,74,7L). Theseo
grs rather siamilar to images found by Tamulevich end Lvert
(1866) in Primla obeonies by Northecote end Yoocding (1966)

in tesr pseudovlatanms end by Johnson (1567) in Fymrhoides

reltntum,. ¥ortheote and Wooding, referring to these

lermellar stacks in fcer reszerk that "Although the lamellar
stack hes individual lemellse equivalent in width to the
plasmalemna, 1t hzs not proved possible to resolve anyA
triple~layered structure in the individual lamellse such

es that found in the plasmalemus, &nd the two structures,
rlesmalenra end lexellar stack, have never besa seen to

be eontinious”, In ths rrecent study thae stacks heve
bsen found to poszess roughly the ssne dimenslons

(80-9CA x 1%0A epart) a3 in Acer; but contrary to Forthote

and VWocding's results the laminas bave bteen found to
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PIATE T2

7,.L.S. through s sieve tube
end a parenchyma cell, show-
ing a tonoplast-like structure
extending into the cell lumen.
A portion of Plate 45 mzgni-
fied. X30,000.
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PLATE 73

T.L.S. through a sieve

tube showing slime fibrils

and a toncrlast-like structure.
Stained with lead ecitrate.
X15%,000.
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possess & trilsminar etructure very similar to that of
the ylasmalemma (?1ate36i,74,77). Yhether this 1s ever
gontinucus with the plasna mesbrane is difficult to say,
vut the detailed strmicture appsars to Ve &8 ehiown dla-
gremnatically in Flgure é. At one point only is thers
a suggestion of continuity with the plasmalemma, and this
is not unambiguous.  Flate 74 clesrly shows a simllar
structurs. It raises difficalties however with the
previous interpretatican since some of the paler e&reas geem
to lie outside the membrane of the larellae, In perticular
the two moon~shaped cones. This nay perhaps be due to
rupture during preparation. Come of the numerous small
circular erecs in the nicrograph appear to te bounded by
& plasralemna~like menbrane. They may te secticna of
vlazmodesxata, thbug& their direction does not seem to f£it
fn with this sugpestion ~ in view of the pcaition of the
wall eurfzce one Qould have expected them to have shown
8 very ellipticel section. It mey be that they ere |
iscleted endoplasmie tubules though this sgein seems une
likely. 4 ‘ |
Whether these atacks of lanmellee fulfil eny vital

funetion {n the functioning eleve tube, or wisther they
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PIATE 74

T.L.S. through a sieve tube

wall showing the tubular tri-
léminaf structure. Stained
with lead eitrate, uranyl
ecetate and lead eitrate.X60,000.
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PIATE  T74a

A portion of plate T4 has
been enlarged to show the
trilaminar structure. Taken
.at X30,000, enlarged 4 times
X120,000.
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are to be regarded as Just a natural physicochemical
rearrengement of fairly stable membrane detritus released

by thecbsolescence of the nuclear membrane and endoplasmic
reticulum it is impossible to say. Plate 68 and Figure 9
indicate that dark material occurs external to the membrane-
bound lamellee. Conceivably it might be in process of

manufacture and extrusion into the cell lumen.

Tabnlar elements

Many workers have found evidence of tubular
structures of various kinds in the sieve tube. Thus in
NYQEhoides (Johnson, 1967); in Acer (Northcote and Wooding,
1666); 4in Pinusvnines (Wéoding,‘1956).

In many casés these tubular elements formed wvery
regular, almost crystalline arrays. In the present study
nene of {hese arrays has heen found. possibiy because young
stages in the ontogeny have not been 1nvestigated.'Possib1y
also for the same reasons no cases have been observed of

Ledbetter and Porter's (1$63) microtubuleslc}  Plate &)
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PIATE 75

T.L.S. through a sieve plate
showing tubular structures

and electron transparent regions
probably callose inside the pore.
Stained with lead citrate,uranyl
acetate and leéd citrate.X60,000.
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PIATE 76

An oblique longitudinal seection
through a sieve tube showing
tubuler structure poselbly micro-
tubles (Mt)., Stained with lead
~oltrate, ursayl acetate and lesd

citrate. X£0,000.
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PIATE 77

T.L.S. through a sieve tube
wall showing trilaminar
tubular structure poasibly
ER. Stained with lezd
citrate, uxanyl scetate and

lead citrats. X80,000,
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PLATE 178

- An oblique longitudinel
section through a sieve
tube showing the tubular
structure (ER). Stained
with lead citrate, i:.ranyl
acetate and lead cltrate.

X40,000,
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Longitudinal section showing a
sieve tube, coampanion ¢sll and
& parenchyma e¢ell. Hote +the
slime £ibrils and ER in the sieve
tube. Stained with lead eitrate,
Magneslum urenyl acetate and lead

citrate. X15,000.
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THE SIEVE PLATE

The sieve plate in Salix is compound and very oblique.
This is shown in the optical micrdgraphs and also in Plates
35, 80, 81, 84 &8% . The last two micrographs indicate one
of the broader cellulose regions which gives the plate its
compound nature. In the present series of micrographs the
siefe pores always show a very considerable amount of
callose, probably due to the fact that the tissue was first
fixed in glufaraldehyde alone for a period of an hour to
four hours, and this fixative with its gentle action is
known to permit enzyme actidn. Plates 35, 66, 67 & 8L
show the callose in longltudinal sections of the pores and
Plates 50 & 69 in transverse sections. There seems every
reason to believe that much, if not most of the callose
shown lining}the pores in these micrographs was deposited
s a result of the preparative techniques. Sometimes the
callose is markedly layered (Plates 42, 80 & 8l) though
it 1{s possible that the outer paler "callose" represents a
shrinkage of the protoplast from the wall. This inter-’
pretation does not seem quite certain however (especially
in Plate 42 ) and if 1t 1s not accepted it leaves open the

question as to the difference between the two callose leyers.
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PLATE 80

TeL.3. through 2 sleve tube show-
ing ¢ ecompound siecve plate. Kote
the callose deposition on the
sleve plate. Staired with lead
eltrate, Vegnecium uranyl acetate

aend le=2d eitrates. X10,000.
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PIATE 81

T?.L.5. through a sieve tube
showing the compound sieve
plate. Tote the twg?aiaa
tinct layers of eallose on
the sieve platse. Stained
with lead eitrate, Magnesium
uranyl acetate and lead
citrate. X10,000.
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One possibility is that one represents the natural callose,
end the other that ﬁrovoked by menipulation; but if so

the injufy callose has done little to close the pores..
Another possibility is that the darker layer nearer the
celluiose bars represents injury eallose laid down between
excision of the specimen and imﬁersion in the fixative (a
period of sometimes up to 10 minutes). The paler layer
would then be callose laid down in the presence of fixative;
the ebsence of sugar transport and the presence of com-
pressed f£ibrils in the pore might then restrict the thick-~
ness of the further layer laid down within the pore, and
account for its narrowness. The c¢allose fregquently shows
cytoplasmic threads remaining embedded in 1t (Plates

69 and 83 ') and occasionally as other workers (e.g. Esau,
1965 (b) ) have remarked, the inner contour of the callose
c¢ylinder beoomes stellate (Plate 69 ).

Unfortunately time did not permit an investigation of
the interesting question of what effect different fixative
tréatments would have had, on the extent of callose deposi-
tion.

The pores of the sieve plafe presented a fairly
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PIATE 82

T.L.5, through a sieve plate
showing only one pore. Note
the pore looks almost empty.
Stained with lead citrate and
uranyl acetate. X60,000.
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PIATE 83

T.L.5. showing a portion of a
éieve plate. Note the callose
depcsition on the plate, Stained
with lead citrate, uvranyl acetate.
X30,000.
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PIATE 84

T.LSe of & sleve tube' showing a
compound sieve plate. Note the
callose deposition on the plate

and the accumulation of slime
fibrils, Stained with lead
citrate and uranyl acetate. X20,000.
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PLATE 85

T.L.5., through a compound sieve
plata showing csllose and fibrillar
sline, Fibri}lar nature of slime
is very well marked here. Note the
small vesicles near the plate.
Stained with lead citrate, uranyl
acatate and 1ea& c¢itrate, X20,000.
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uniform appearance in this 1nves£igation. Almost
universally they were shown as filled with electron dense |
material in the form of f£ibrils (Flates 35, 42, 54, 66, 67

71 ). Occasionally the contents appeared less dense
(Plate 82 ), or of rather a different character (FPlate 75 ).
In the latter case the plate appears to be immature, and
the contents of the pore to include elements of fhe endo~-
hplasmic reticulum, In addition to the fibrillar material
(which is further discussed below) the pores are lined with
a distinct plasmalemma continuous with that in the lumen
of the'sievg tube elements (Plates 69, 70 and 71).

The distribution of material between the two sldes

of the sieve plate is asymmetrical (Plates 35, 64, 80, 81)
but not always extremely g0 (Plates 42 and 85).’ Sometimes
&s in Plate 66, the indications as to the previous polérity
of movement across the plate seem rather contradictory.
Certainly the’general impression is that the pores are not
oeccuplied by the fibrils mefely as a result of their prepara-~
tive treatment, though the density of their contents may
well ieflect the artificial induction of callose.
THE STING |

Probably the most significant constituent of the
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PIATE 86

Longitudinal section of &

sieve tube showing some bended
fibrils. Arrows pointing +to
the bends which give a striated
appearance. Stained with lead
eitrate, uranyl acetate'and léad

citrate. X120,000.
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PIATE 87

Iongitudingl seetion of a sieve

tube showing some banded fibrils

and a coil like bedy, possibly ER.
Note the larger slime whieh possibly
'fraya cut into smalier fibrils.
Stained with lead eitrate, uranyl
scetate and lead citrate. X120,000.
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PIATE €8

Longitudinal section through a
sieve tube showing banded slime
 fibrils. The larger ones scem
to fray out into smaller ﬁbrns.
Fote the lipid droplets..

Stained with lead oitrate,uranyl
acetate ahd lead eitrate. X380,00Q
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gieve tubes of Salix eapraea is the so-called slime. Owing

to the fact that the sieve tubes observed were all fairly
mature the slime was never observed in the form of typical
'*slime bodies', and the present study therefore throws little
light on its origin. It is, in fact, largely on the basis
of the work of others (e.g. Esau and Cheadle, 1965; lurmanis
and Evert, 1966) that the fibrillar substance observed in
Salix is Laentioal with slime. |
Fibrillar material wes regularly_observed in all sieve
tubes (Plates 37,42,85) principally near the plates (Plates
65,66,71) but also less densely in the lumens (Flates 41,79,
91). The diameter of the fibrils was about 70-80 A. Very
frequently the fibrils appeared aggregated into strands,which
recall the slime strands of Evert and lMurmanis (1965) in Tilia
and perhaps represent the controversial transcellular strands
of Thaine (1964). Plates 39,60,86,83 and €9 among others
show this feature very clearly, though whether it represents
an earlier or a later stage in fibril development is un-
certain. Aﬁ opinion may be hazarded that it is an earlier
stage, since it is not apparent near the apparently function-

ing sieve plate poreé, and this supposition would'fit in

with the development of the fibrils from the larger fibres




- 250 -



PIATE 89

Longitudinal section through

a sieve tube showing strands of
slime fibrils, The larger

ones breaking into smaller fibrils,
Stained with lead citrate, uranyl
acetate and lead citrate. X 40,000.
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T.L.5, showing a sievs tudbe, a .
companion cell and a tannin-filled
parenchyna celi. Note the
bloated apyearaﬁce of companion
cell mitochondria. Stalned with
lead citrate, uranyl acetate and
lead oitrate.  X20,000.
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(suggested by Johnson, 1967) or from flegellar bodies
(Lafleche,_1966). |

_‘ A very interesting feature of the fibrils ia their
markedly banded appearsnce. This is noticeable almost
everywhere in the present series of micrographs; Plates
71,86,87,88, 89 represent a sample. The period of the
bands is eabout 140-150 A, this being made up of dark and
light regions of about equal lengths. Fortheote and
Wooding (1966) and Johnson (1967) record a similer appear-
ance in Acer and Nymphoides respectively (the period being
sbout 100A )and Lafleche records esomething siwmilar in the

fflagellar body" of Phaseolus. In agreement with Fortheot
end Wooding the fibrils appear to aggregate band to band
when they traverse the pores (Plate 71la ) or become grouped
in larger strands (Plate 86 ). This renders their
reriodicity more evident, end strongly suggests the structun
of ILafleche's flagellar body, although his fibrils were
only 25 A in diameter. It may be mentioned that Johnson
(1967) has observed the banding in freeze-etched material
of Nymphoides. It is evidently therefore not a fixation
artefact. Possibly however the dimensions of the fibrils

are to some extent dependent on treatment; imbibition or
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rracs o1
TelieSe showing a sieve tube and a
companion cells Slime fibdrils are
geen in the cell lumen sway from the
sieve plate. Note tha dictyosomes,
mitocchondria &nd plastids in the
ecapanion ¢sll. The companion cell
cytcplaam locks shyunken, Stained
with lead ecitrate, uranyl ecetate and
lead cltrats. ; X30,000.
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- PLARE 02

T.L.5. showing a sieve $ube, com-
renion ecell ead paranéhyma cell.
Note the aensei cytoplasm o2 the
companion ecell, Esth éampanien
cell and parenchyma cell are
nucleate cells. £tzined with leed
citrate, uranyl acetete end lezad
citrate. ¥15,000,
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PIATE 03

T.L.5. showing & sieve tute and

a companion eell., Nota the big
vacuole and the long nucleus in
the companion cell. Companion
cell cytoplasm looks shrunken
which 1s a fixation artefact.
Stained with lead citrate, uranyl
acetate and lead e¢itrate. X15,000,



93



261

-261~

dehydration or such fine structures would prodbably be
a very natural consequence of fixation procesdures, so
that thé difference between the dimensions noted and

those of Northecote and Vooding, and Johnaon need

oacasion little surprise.
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Transverse section showing
a parenchyma cell with
vacuoles, chloroplast and
mitochondria. Stained
with lead eitrate. X30,000.
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PLATE 65

Ionglitudinal section through
two parenchyma cells. Fote
the ER and mitochondria in the
parenchyma e¢ell. Stained with
lead citrate.  X30,000,



oe

QL Par

95

bxie)



- 266~

COMPANICYN CELL

, ﬁytéiogio details weré not discussed fully in the
chapte:’dealing with optical microseopy{ The 6ompanion
cellé of §§;;5.héve the usual remarkably dense profoplasts
with a relatiiely small volume occupied by a vacﬁnle or
vacuoles (Plates 51, 90, 91 ). But in older cells
larger vacuoles have been observed (Plates 41 & 93). The
density of profcplasts is due to the abundance of organelles
and membranous components (Flates 41, 51, 90, 92 and 93
The companion cells contain nuclei (Plates 35,59,92,93) with
a. two layered envelop . The nucleus 1s usually elongated,
sometimes lobed (Plate 92).

Tumerous mitochondria are found in companion cells.
These look quite normal unlike the sieve tube mitochondria.
Dictyosomes and endoplasmic reticulum are well represented.
Some companion cells observed contained what appeared to
be plastids which had lost their usual appearance probably
due to bad fixation. They had very few internal membrane
eystém (Plates 51 & 91).

Considerable shrinksge occurs in some of the companion
" cell oytoplasm (Plates 90 - 93 ). This is certainly

& fixation artefact.
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- PLATS  ©§

- Longitudinal seetion through
two tannin-filled parenchyma
ecells, In one two e.gg-ushaped
plastids ean be seen. Stained
with lead citrate. Z30,000.
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PIATE 97

Longitudinal ssetion
of a parenchyma cell
containing possidbly
lipid. Stained with
lead oitrate. X30,000."
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PHLOEM PARENCHYHA

The parenchyma cells of Salix phloem ars
nucleate, highly vacuolated cells, As mentlioned earlier
in the chapter dealing with optical microscopj, they |
eontain tannin, stafch or erystals. It was very éiffi-
cult to get any good sections of tannin or erystal contain-
ing cells. Plates (63,90)show tannin containing phloem
parenchyma., Their high degree of vacuclation and preéence
of chloroplasts (Plates 94,98,99) help fo distinguish thenm -
from companion cells. In the Plate 99 distinct starch
grains are seen in thé plastids. The chloroplasts haye
conspicuaus stécks of grena (FPlates 94, 98 ); elsewhere
they appear atypical ( Plate 965-

¥Mitochondria are well presefved with double outer
layer and inner membrane structure ( Plates 94,95).f

Endoplasmie reticulum is a prominent component of
perenchyma cells (Plates 92,95,98). In the latter the rough
menbrene is covered with abundant ribosomes.

Apart from the other eellular inclusions what have
been interpreted as lipid drops have been observed in some

perenchyma eells (Plate 97).
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PTATE ©3

Transverse section showing
three parenchyma cells,

Note the big vacuoles,echloro~
plast and rough ER, St2ined
with lead eitrate, X20,000.
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PIATE 99

Transversae seetign showing

two parenchyma cells. Note
the wall structure, chloro-
rlast, and plastid with starsh
grains., Stained with lead
citrate. X15,000.
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CHAPTER V

. MICROAUTORADIOGRAPEY
op
CAMBIAT, ACTIVITY
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INTRODUCTION

During an interruption in the work due to the unavail-
ability of electron microscope facilities an attempt was
made, under non-ideal conditions, to apply the method of
Waisel and Fahn (1965) to the phloem., These workers were
concerned with the problem of determining when the cambium
is acti;e in the formation of xylem tissue. They placed
potted plants in an atmosphere of 00214, allowed them to
fully essimilate it, waited a week and then sectioned,
washed and autoradiographed the stenms. Where the cambium
had been active during the experimental time the cell walls
of the young xylem cells were radioactive: where the
plants had been dormant no darkening of the emulsion was
discernible.

It was felt that it would be useful to apply this
method to the problem of phloem formation even though the
"~ 4ime of the year (the experiments were done in June, 1966)
was probably on the late side.

Administration of 60214

A healthy 2-3 year old branch on a young tree of Salix

capraea was selected in June end the terminal portion, about
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25 cm. long, was enclosed in a sleeve of medium-gauge
polythene layflat tubing, the apical 5 cm having first
been removed. In addition, the stem below the slee#e ﬁas
stripped of leaves for a length of about 10 ém, This
surgery was done to encourage a basipetal flow of 1abe11¢d
assimilate, and to reduce the amount of unlabelled'assimi-
late in the region 1mmediate1y below the sleeve. Within
the sleeve a small glass tube containing about 200 mC of
sodium carbonate was fixed to the branch, a few drops 6f
lactic acid were added and the ends of the sleeve were
$ightly tied with string around the stem. After forty-
eight hours the slesve was removed. A week later the
branch was harvested and sections 10 m thick were cut after
ester wax embeddinz. The sections were taken from the
portion of the sten immediately below the sleeve.

Lsdio-antocraphic technigne

This followed well establiéhed practice. Slides were
cleaned in a sﬁlphuric ecid-dichromate solution and then
dipped in a solution made up as follows:

Gelatine 5 g
Chrome slum 0.5 g
Water 1600 ml
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They were then drained and set aside to dry. When
thoroughly dry the sections were fastened to the sglide
with Haupt's adhesivq, the ester wax removed with xylene,
and the mounted slides submerged and raised carefully under
a floating rectangle of emulsion cut from Kodak AR 10
stripping plates. After drying the slides were kept in
the dark at laborafory temperature for three weeks for

- exposure. They were then developed in ID36 phenideone and

fixed in Rodafix.

Results

The results 6f the experiment were'entirely negative.
Plate 10 sghows a micrograph of a section at the level of
‘the specimen. It was stained weakly with light green in
clove oil. Although the photograph as presented is not
entirely conclusive it was quite obvious under the micro-
scope that the emulsion showed no trace of blackening in
either xylem or phloen. Unfortunately time did nef allow
the matter to be pursued further; and 1t can only be
éuggested that the surgery to which the shoot was subjected
failed to ensure a downward transport of assimilates
(perhaps even halting movement through callose formation),

and that instead all the radioactive sugars moved into the
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axillary buds. Vaisel and Pahn did incidentally also
sample the axis below the labelled branch, the main differ-
ence in their treatment being that their plants were prob-

- ably much smaller (since they were potted) and that mno
surgery of lower leaves or stem apex was practised. It

is not surprising perhaps fhat the phlcem was not labelled
since 1t is probable that'as late as June l1little phloen 1is
being laid down. The method indeed is probably of less

- value for this tissue since the phloem is formed early in
the year and présumably over-wintering starch rather than
fresh assimilate is drawm upon. The problem is an interest-

ing one and would repay further study.
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CHAPTER VI

DISCUSSION
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DISCUSSION

The purpose of this investigation was to throw
light particularly on the adeguacy or otherwise of
the electro kinetic theory of translocation for the

phloem system of Salix capraea. It remains to summar-

ise the findings in this connection.
In the first place it must be recognised that it

is not yet known definitely at what stage in the course
of their development the sieve tubes are functionalj;
consequently it is not certain that the sieve tubes
reported on here are the ones physiologically of interest.
However, there seems every reason to beliéve that they
are so. Secondly, owing to the difficulties experi-
enced with the matefial no suétained attempt was possible
in the time available to'tracé the ontogeny of the sieve
tubes, and this inevitably mzkes the interpretation of
some of the structures observed rather more tentative.

| The Optiéal work was undertaken partly &s of import-
ance in itself, and partly as a background to the
electron microscepe work. With regard to the former

aspect it is necessary %o remember that one requirement



- 284 =

of the electro kinetic theory is that there should
be a return pathway through thé living cells for the
flux of potassium ions, and evidence for this is
primarily a matter for optical investigation.

The analysis of the tiers and columns does not
- immediately suggest that a return path for potassium
ions through living cells 1is provided. The analysis
of tiers shows prineipally how the cambial initials
divide to form sieve tube elements, companion cells
and parenchyma; in partiéular it appears that com-
panion cells nearly always seem to have a fair area
of contact laterally with adjacent tiers. This may
be 1mportant, for sieve tubes are connected by their
rlates to others disposed tangentially, not radially,
t0o themselves. It is in the column analyses therefore,
that the significant relationships are to be sought.
These show that sometimes, but perhaps not in the
majority of cases, companion cells do cover the sieve
plate region longitudinally, an example of this being
sieve tubes 2 and Y of figure 6 (Coluzn analysis II).

This would accommodate the requirement. In other
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oases a companlon cell may be between two sieve elements
tangentlally disposed and in contact with them both
(same figure, sieve tube X at section 49 end 51). In
such cases a return flow would be possible into a tube
of an adjacent column. {owéver in other cases the com-
panion cells do not seem to be helpfully disposed; for
instance in column enalysis III (Figure 7) where in
sections 35 end 37 the companion cells belonging to
elements X and Y eare in contact with tannin filled and
ray cells respectively and widely separated from each
other. |

Probably a great deal more work on these lines would
be needed before it could be shown that the enatomy of
the phloem of Salix would sustain the requirements of
the electro kinetice theory.

A second requirement of the electro kinetic theory
is that the flow should traverse a course membrane
structure with pores wide enough = but not too wide =
for large electro kinetic forces to be developed. It
is natural to look for such a structure in the sieve
plate and to expect that the pores of the latter would
be loosely occupied by colloidal material to reduce the
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foqctive}pors size to the required dimensions. It is
in this connection that the evidence of the present work
;s of interest. 1In common with many other investiga-
itions this suggests that the functioning sieve tubes
contain as a prominent constituent & fine network of
fibrils of a very interesting nature. They measure
abput‘70-80 A in diameter and appear banded along their
length with alternate light and dark bands, giving a
period of sbout 140-150 A. Fibrils of up to 150-200
nmicrons in length have beeh measured in the present work.

Similer material has been found in plants whose taxonomic

relationships are quite diverse - Nymphoides (Gentianaceae),

Acer (Sapindaceae), Phaseolus (Iesuminosae) and Salix

(Salicace2e) and quite a number of published photographs

of other plants - Dioscorea end Cucumis (Eehnke and Dlrr,

1967); Cucnrbita (Eschrich, 1963), Irpatiens (Engleman,

1963); Tetrsgonia (Falk, 1664) - lend themselves very
readily to the same interpretation. VWhere the banded
structure has not been found this may well be due to the
faet that the fixation and staining techniques were
unsuitable for it can hardly itself be en artefact (it

hag also been found in freeze etched material). Further
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1t appears to be econspicuous in Johnson's material
only in mature sieve tubes where the coarser tubuler
fitrils of an earlier stage have frayed out into the
finer ones. This mey suggest why banded fitrils have
not been found in cases such as Primula (Tamulevich and
Evert, 1966) where tubular slime has been seen.
Everything considered therefore it seems that dis-
persed slime of "banded fibrils" is a very widespread
end important constituent of mature sieve tubes. In
the present work, es in most others where glutaraldehyde
and osmium rather than potassium permanganate have been
used as fixatives, the slime fibrils appear as {raversing
the sieve plate pores. The denseness with which they
pack the pores has probably been artificlally ihcreased
by callose formation eonsequent on manipulation, but it
might be suggested that what the present work indicates
is that the pores are normally traversed by fibrils about
70-80 A in diameter and at a guess about 200 A apart,
Weatherley and Johnson (1967) have calculated on the basis
of an unpublished formula of Spanner's that with fibrils

100 A in Qiameter lying 200 A clear apart flow across a
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sieve plate of thickness 1, at a pore velocity of
200 cm per hour would involve a pressure drop of 0.14
atmosphere. These dimensicns seem to f£it the present
czse fairly well ‘oo, though the aggregate pore arca
relative to the cross section of the lumen (tzken es
50%) is very tentative; and the plate thickness might
bte nearer O0.5m. The length of the sieve elements of
S21ix 1s about 150-200 m. Thus for the present cace
the pressure drop per metre works out at about

0.14 x 0.5 x 100 x 104 = 470 atm. rer metre
T 150

which would séem t0 rule out a simple liinch mechenism,
though not en electro kinetie one.‘

The difficulties faced by the electro kinetic theory
have been mainly two: the evidence for a satisfactory
return path for the potassium ions (discussed earlier),
and the magnltude of the electrical eurrent which their
movement seems to imply. The latter is in doubt mainly
because 1t 1s not known how many water molecules are
conveyed per potassium ioen., FPrevious data (Fensonm,
unpublished) seems to indicate about 100. IHowever with

suitable membranes it 1s conceivable that this might



well be much greater, perhaps even 1006 or more. It
is here that the present evidence is suggestive. . The
fibrillar slime has been variously regaerded as protein
(Engleman, 1963); 1lipoprotein (Eschrich, 1963 end
Iafleche, 1966) or RNA « containing (Buvat, 1963 ¢) in
nature. It wonld seem, from its wide occurrence, to
be of some speeial significznce in its chemlcal nature;
and espeeially if it incorporates much RNA or other
phosphate-containing substances it would probably have
marked electrieal properties. If charged groups are
asgociated with the bands, and if as seems likely from
the micrographs these come tdgether (band to band of
adjacent £ibrils) in the pores of the sieve plate the
electro kinetiec properties might well be enhanced. There
is the other possibility, of course, that the fibrils
might be muscular in function; bdut that they are adapted
to secure strong electro-osmosis is at least, on the
present evidence, egually likely. Purther work clearly
‘needs to be on their chemical nature.

It may be concluded, therefore, that the present
work provides further evidence against the adequacy of

a pressure-flow mechanism in Salix eapraea, and lends

modest support to an electro kinetic one.
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STUIMIARY

The present thesis starts with a brief review of
the problen ofvthe channel concerned in translocation
followed by a short discussion of the prevailing
theories of transport. In this connecfion the ultra-
structure of the sieve plate end the slime fibrils as
investigated by other workeré have been fairly fully
reviewed. The éfructure of the phloem has been
enalysed from optical sections in the light of the re-
'Quiréments of the electro kinetic theory.  The analysis,
however has not thrdwh much light on the adequacy or
otherwise of the theory.

Different‘approaches towards the preparation of
tissue have not been possible due to shortage of time
and limited availability of the microscope. All the
‘electron micfographs produced were of material fixed
with glutaraldehyde followed by Osmium. This fixative
"vhas prcved‘to preserve the fibriller slime very well,

A triple stainiﬁg fechnique (lead citrate, uranyl

acetate and lesd citrate) has shown the bandﬁgg nature

of the fibrils quite satisfactorily.
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It has been shown that the banded slime fibril
is an inportant component of sieve tube cytoplasm.
These fibrils have always been found packed in the
aievé plate pores in this investigation and they
appear to run longitudinally in them. Evidences
havé been found of their stationary nature.

A& number of inclusions of definite identity have
been found in the sieve tubes, both near the sieve
plates and further éway from them and these are
briefly described. They include plastids, mitochondria
and starch grains.

The sieve tube of Salix shows a remarkable extruded
nucleolus which persists for quite a long period. The
fine structure ¢of the extruded nucleolus has been
described fairly fully. I+ has an urchin-like contour
with radiating tubular structure. The tubes bear no
resemblance to the slime fibrils.

DPeposition of callose on the siévé plates has been
shown both optically as well as with the electron
microscope. |

Some of the electron micrographs presented, have
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shown "lamellar" structures which reéemble the well
khown endoylasmia reticulum of previous wbrkeré.

| Lastly the structural characteristic of the sieve
platé end the slime fibrils have been diseussed in
‘relation to the prévailing theories of tramsleocation,
éSpecially the electro kinetic theory. It 1s con-
cluded'that it lends & modest support to the latter.
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