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ABSTRACT
Aspects of the structure/function relationships in leaves of

Lolium temulentum L. were examined during their growth, ageing and

senescence.

The first part of the thesis deals with the blade and sheath and
demonstrates the presence of interactions within leaves (between blade
and sheath) and between leaves during their extension growth. = A
- shozt. bidchemical study Of-qsﬁect§;of blade and sheath_ageing and.
sehescéhCe ofiattadhed 4th leéyesjéxamingd chénges in fresh and dry
weight, total chlorophyll, soluble protein, and nucleic acids (both
quantitative and qualitative by polyacrylamide gel electrophoresis).

The overall patterns of change were similar to those previously des-
cribed for artificially- induced grass leaf senescence but differences
were found between the two organs. It was concluded that the blade

was not a good model for sheath or leaf senescence. A study of the
vasculature of the léaf - with particular reference to metabolite trans-
port during ageing and senescence - revealed the presence of tyloses in
the protoxylem vessels/lacunae at the blade/sheath junction of senescing

leaves.
The second part of the thesis deals with the membranous ligules of

L. temulentum, L. perenne L., L., multiflorum Lam., L. x hybridum

Hausskn., and Festuca pratensis Huds. The structure and ultrastructure

of all appeared to be the same and had the appearance of a glandular

organ. Using a number of cytochemical procedures in L. temulentum,
catalase, cytochrome c oxidase and succinate dehydrogenase activities
were identified, along with the apparent secretion of a glycoprotein-
like material by the cells of the adaxial epidermis. Aspects of the
endomembrane system of cells of the latter tissue and initiation and

early development of the ligule of L. temulentum were also studied.

The structure/function relationships within these ligules are dis-
cussed in terms of a possible function of the membranous grass ligule.

Aspects of ligule and root cap biology in L. temulentum were compared.
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CHAPTER 1 GENERAL INTRODUCTION

GENERAL MATERIALS AND METHODS




The work described in this thesis arose as a direct result of the
observation by Lee (1979) that sheath-applied solutions of dyes and
radiochemicals accumulated at the ligule region (sheath/blade junction)
in ageing fescue leaves. This immediately focuéﬁgd attention on the
ligule and interactions between blade and sheath during development of
the leaf.

. Although it is Rnown that the grass leaf consists of three distinct
organs - blade, sheath and ligule - equal weight in terms of their study
has not been given to each. Whilst it may be accepted that the blade
may be of most importance with regard to photosynthesis and hence yield,
it is not the only photosynthetic organ of the leaf.  The sheath must
also be considered in that respect; its contribution presumably in-
creasing higher up the culm where the ratioc of blade to sheath for any
given leaf usually decreases (eg.Borrill, 1961). For too long the
sheath has been neglected and thus any interactions between blade and
sheath have been largely overlooked. '

Since it is the whole leaf which may be considered the most impor-
tant structural/functional unit of the grass plant, knowledge of all its
constituent parts is necessary if we are to understand the whole. To
this end a study of leaf growth was undertaken, particular attention
being directed to identification of areas of interaction between organs
within a leaf and between leaves within a plant (Chapter 2, Section a).
The results from this provided the background for the more biochemically-
oriented study of leaf ageing and senescence presented im Chapter 2,
Section b. A direct extension of Lee's (1979) work with Festuca
pratensis Huds. was brovided by a study of aspects of the vasculature
and metabolite transport in leaves of Lolium temulentum L. during age-

ing and senescence (Chapter 2, Section c). This latter investigation

served to illustrate one aspect of inteibrgan interaction during the
course of leaf development.

The third leaf organ, the ligule, has been studied for well over a
'hundred years yet still it remains, 'a morphological enigma of unknouwn
function' (Clifford and Watson, 1977). It has previously been studied
from the point of view of morphology and anatomy with no more sophis-
ticated equipment than a light microscope in the vast majority of cases.
Its physiology appears to have been ignored completely. Clearly a

complete understanding of the biology of the grass leaf can never be
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achieved in the absence of a fuller study of the ligule. To this aim
a study was begun of aspects of the structure and physiology of a mem-
branous ligule. As a result of the ligule being the least studied of
the three leaf organs, this study comprises the largest single part of

the thesis and is dealt with in Chapter 3.

The choice of experimental material - Lolium temulentum L., darnel

or bearded rye-grass - was dictated by a number of considerations, the
most important of which was the availability of a nearly homozygous
stock of grain of this species to the laboratory. This, plus the amount
of information available in the literature concerning various aspects
of its structure (eg Lawton, 1980), physiology (eg Evans and Wardlaw,
1966; Wardlaw, 1976) and development (eg Thomas, 1978) with which the
results from this study could be compared, made it a most suitable can-
didate for this sort of investigation. Although L. temulentum is not

a commercially valuable plant, its close phylogenetic affinity to other

Lolium spp which are should mean that results obtained with darnel will
have general applicability to other rye-grasses. In view of the
suggestion that darmel is the 'tares' of the Bible (Matt. ch. 13,
v. 24-303 eg Hastings, 1902) its use as an éxperimental organism may
be justified on a number of historical, economic and.sociological
grounds as well,

The overall aim of this investigation has been to gain some under-
standing of the whole grass leaf in terms of its component organs and
the 'functions' that take place within and between them. Certain

facets of this immense subject are considered in the following Chapters.
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GENERAL MATERIALS AND METHODS

Sources of Materials

Unless stated otherwise, all chemicals used were of analytical
grade and obtained from either: .
BDH, Poole, Dorset, UK, or,
Sigma, Pdole, Dorset, UK.V.
Certain specialized items are listed below with the name of the

supplier.

Electron Micrdscopy

Reagents and other materials were obtained from:

. TAAB Laboratories, Reading, Berkshire, UK.

Ethanol and acetone were dried over molecular sieve type 5A obtained
from BDH. '

Silver dag was obtained from Acheson Colloids Ltd., Plymouth, Devon, UK.

Fluorescence Microscopy

Auramine 0; eosin, water soluble, yellow shade; rhodamine 6G;
aniline blue, water soluble, obtained from BDH.
8-anilino naphthalene sulphonic acid (ANS) obtained from Sigma.
Calcofluor white‘MZR new (calcofluor) obtained from Polyscience Inc.,

Pennsylvania, USA.

Nucleic Acid Determination

DNAse I obtained from Koch-Light, Colnbrook, Buckinghamshire, UK.

RNAse obtained from BDH.
E. coli RNA obtained from Sigma.

Cytochemistry

Periodic acid (PA, solid); ruthenium red (RR); sodium malonate

obtained from BDH.

2-amino-2-ethyl-1,3-propanediol (propanediol); diaminobenzidine.
tetrahydrochloride (DAB); 3-amino-1,2,4-triazole (triazole) obtained
from Sigma.

Thiocarbohydrazide (TCH) obtained from TAAB.

Silver proteinate obtained from Roques, Paris, France.




'Autoradiography

14 . .
(U-"7C)- protein hydrolysate as ag. solution with 2% ethanol ob-

tained from Amersham International plc, Amersham, Buckinghamshire, UK.

Plant Material

.Grain of Lolium temulentum L. strain Ba3081, summer annual (1973

harvest)

L. perenne L. S23;

L. multiflorum Lam. cv Trident:

L. x hybridum Hausskn. cv Augusta;

Festuca pratensis Huds. strain CvS215 were provided by the kindness
of the Welsh Plant Breeding Station, Aberystuwyth, Wales.

Storage of Grain

Until required for sowing, grain was stored in the laboratory at
room temperature as follows:

L. temulentum in sealed plastic containers;

Other Lolium spp in the muslin bags in which they were supplied;

F. pratensis in a paper packet.

Cultural Conditions

L.. temulentum: two or three grains were sown in each 10 cm dia-

meter plastic pot containing Levington's compost; the pots were uni-
formly arranged in the central bench of a greenhouse. Watering was
performed with tap water at ambient temperature as and when required
in order to try and ensure minimally-stressed plants. Plants were
grown throughout the year and supplementary heating was provided only
in the winter.

Other species: grain was sown in trays containing Levington's

compost; other conditions were as for L. temulentum above.

Light (LM) and Conventional Transmission Electron. Microscopy (TEM)

Because of initial difficulty in orienting material embedded in
opague paraffin'wax, transparent epoxy resin was used. Resin-embedded
material processed for TEM was also used for correlative LM, and LM
alone. In any method of preparing material for microscopy, the possi-

bility of artefact formation is a major problem. No one procedure




can-eliminate it entirely but it can be reduced to an acceptable minimum
using a double aldehyde fixation step such as a mixture of formaldehyde
and glutaraldehyde (eg Karnmousky, 1965). The possibility of the ob-
served image being unrepresentative of the natural state of the specimen

should always be borne in mind.

Excision and Trimming of Tissue

Leaf tissue was cut.into pieces c. 1-2 mm long by c. 1 mm wide in
0.05M sodium cacodylate, pH 7.0 (cacodylate buffer) using a sharp razor
blade.

Ligules were treated differently: the blade was first removed
from the leaf by severing it at its base. The sheath plus attached
ligule was then immersed in cacodylate buffer and three or four longi-
tudinal cuts made with a sharp razor blade from base to apex of the
ligule. The top of the sheath was then carefully flattened out and a
transverse cut made across it to release ligule segments with a small
piece of attached sheath tissue to aid in their orientation.

From this stage on ligule and leaf tissue were treated similarly.

Fixation, Dehydration and Embedding

The processing schedule was as follows:
1. Fixation in 2.5% (v/v) glutaraldehyde, 1.0% (w/v) formaldehyde
(prepared from paraformaldehyde) in cacodylate buffer; c. 2-4 h,
2. Cacodylate buffer wash; 2 x 15 min,
3. Post-fixation in 1.0% (w/v) aqg. 0s0,; c. 1-3.h,
4. Dehydration
a;, 25% (v/v) ethanol; c. 45 min,
b.  50% ethamol; 2 x 15 min,
c.  75% ethanol; 2 x 15 min,
d! 100% ethanol; 15 min,
e. 100% ethanol; 15 min,
5. Resin infiltration |
' a[l to tissue in 100% ethanol, 4.e an equal volume of Spurr
resin was added; c. 15-30 h,
b, to 100% Spurr resin; c. 8-24 h,
Embedding of tissue in 100% Spurr resin in tops of TAAB capsules,

7. Hardening of resin at c. 7DOC; 1-2 d.
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The times at stages 1, 3 and 5 varied and had to be found by trial
and error for the tissue concerned. Rll stages, except 6, were per-
formed at room temperature with constant agitation of the tissue on a
rotating disc. When non-osmicated tissue was required, stage 3 was
omitted. |

Spurr resin (Spurr, 1969) was either prepared from TAAB premix
kits.or made up from the following fecipe:

10 g ERL-4206 (epoxy resin),

4 g DER 736 (flexibilizer),
26 g NSA (hardener),
0.4 g 51 (accelerator)

Sectioning

Thick sections (1 }mﬁ for LM and ultrathin sections (gold/silver
interference colours; 150-60 nm) for TEM were cut using glass knives
on an LKB Ultrotome (LKB-Produkter AB, Stockholm, Sweden). The
sections were coilected on the surface of distilled water in a trough
attached to the knife. For LM, sections were picked up in a platinum
wire loop and transferred to a drop of distilled water on a microscope
slide. Ultrathin sections were expanded using a heat pen before being
picked up on either uncoated or formvar-coated copper grids (c. 200

mesh).

-Staining for Light Microscopy
A drop of 1% (w/v) toluidine blue solution made up in 1% (w/v)

sodium tetraborate was added to the sections which had been dried onto

the slide over a hot plate. After warming over a hof plate for c. 30
sec, the dye solutioh was washed off with distilled water and the sec-
tions finally dried. Many staining procedures were experimented with
but toluidine blue proved to be the best all-round stain. It did not
exhibit the degree of metachromasy found in wax-embedded material
(0'Brien et al., 1964). However, lignified tissue was clearly dis-
tinguishable, by its green colour, from the remainder of the tissues and
cellular inclusions which were various shades of blue.

The other widely used 'stain' was Sudan black B as a saturated
solution in 70% ethanol for lipids and starch grains (eg Bronner, 1975).

Unstained sections were dried onto the slide over a hot plate and
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ihmersed in 70% ethanol for 2 min, before immersion ih the Sudan black
B solution at BDOCYFor 1 h. After rinsing in 70% ethanol to remove
excess 'stain', a drop of 50% (v/v) glycerol was added to the sections
before viewing in the LM. In this way lipids of plastids 'stained'
black and the unstained, white starch grains were contrasted against
them. v

Viewing and photomicrography were performed using a Leitz Ortholux
LM in transmitted light. Images were recorded using Ilford FP4 or
Kodak XP1 black and white film. - Unless stated otherwise all LMgraphs

are of sectioned material stained with toluidine blue.

Staining for Conventional TEM

For general ultrastructural observations, sections were double-
stained sequentially as follows:
1. saturated ag. uranyl acetate; 15-30 min,
2. thorough washing with distilled water,
3. alkaline lead citrate (Reynolds, 1963); 15-30 min,
4

thorough washing with distilled water.

Occasionally a saturated ethanolic solution of uranyl acetate was
used on sections exhibiting low contrast after aquedus-staining.
Dried grids were stored on filter paper in petri dishes. Grids were
viewed in a Philips EM400 at 80 or 100 kV and images recorded on Kodak
electon image film 4463. Unless stated otherwise all TEMgraphs are of

double-stained sections.

Fluorescence'Microscopy
For general observations of structure, TS's of leaf tissue were cut

with a razor blade and stained with 0.01 or 0.1% (w/v) ag. calcofluor.

Sections were viewed in a Leitz Ortholux microscope fitted with epi-
fluorescent illumination (provided by a 500 ultra high pressure mercury
lamp) using excitation filter BG 3 and suppression filter K 460.  Images

were recorded using either Ilford HP4 or Kodak XP1 black and white film
rated at 1600 ASA. '




Terminology

Terminology used was as follows:

Germination

Growth
Appearance

Leaf emergence

Leaf

date of appearance of the coleoptile above the surface
of the soil; |

increase in length of the organ concerned with time;
exsertion of organ above the top of the enclosing
sheath or the coleoptile;

exsertion of the ligule;

main unit of construction of the vegetative grass plant
consisting of three organs - blade, sheath and ligule

(Fig. 1.1). The leaf tip is the tip of the blade;

‘the leaf base is the base of the sheath. Belou the

base of the leaf may be a node (in the case of a culm

_leaf) or simply the insertion of the leaf upén the shoot

(in the case of a basal leaf). The ligule is situated
at the blade/sheath junction, immediately below a
region of yellow-coloured tissue at the base of the

blade, the‘collar.




Figure 1.1.

Schematic diagram of a grass leaf
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LEAF  GROWTH
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INTRODUCTION

The grass leaf is initiated by periclinal divisions in the adaxial
epidermis of the shoot apex; these divisiens spread laterally and en-
circle the apex. Growth then proceeds in an upwérds direction, the
developing leaf primordium overtops the apex and continues to grow up-
wards as a sleeve-like structure, joined usually only at the base.
During this early stage, meristematic activity is progressively localized
at the base of the leaf primordium as an intercalary meristem. Early
on in leaf development this meristem splits in two - the upper gives
rise to the blade, the lower gives rise to the sheath. At this time
the ligule becomes initiated as a series of periclinal divisions in the
adaxial epidermis between the two meristems. This event is seen as
marking the end of the primordial stage of leaf growth and heralding in
leaf growth proper since the three leaf organs can now all be recognized.
After a short period of further meristematic activity the rest of the
growth of the leaf is by elongation of cells all ready formed. (The
above has been summarized from accounts in Sharman (1942), Etter (1951)
and Kaufman (1959)).

Growth of the bladé commences before that of the sheath and also
ceases before that of the latter; the early stages of leaf growth
appear to be due almost solely to blade elongation (eg Etter, 1951).

As a result of elongation of its cells, the leaf is gradually exserted
from within the sleeve of enclosing leaf sheaths and directly exper-
iences the aerial environment for the first time since its initiation.

As it appears it begins to unroll under the influence of'light (eg
Vince-Prue and Tucker, 1983). Exsertion of the blade is complete with
the appearance of the ligule. The leaf is then considered to be emerged;
attainment of its 'morphologically mature state' is completed with the
bending of the blade in the collar region which also seems to be under
the control of light (Kimura, 1977).‘ Since physical hindrance prevents
blade bending, sheath growth is prolonged just long enough to ensure that
the blade is exserted clear of the enclosing sheath. | '

The nature of the growth of the leaf from an intercalary meristem
results in a gradient of tissue differentiation from leaf tip to base.
During the course of leaf growth a basipetal wave of differentiation and

- cell maturation can be identified (eg Sharman, 1842). At maturity this
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gradient of developmental stages is replaced by a gradient of senes