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ABSTRACT

The genus Scleria Bergius (Cyperaceae) in Southern
Africa is critically examined, and the generic Limits reviewed
The taxonomic position of the genus in the family is
examined. Diagnosis of the tribe Sclerieae is altered to
circumscribe Scleria as the only genus, and diagnoses of
the tribes Bisboeckelereae and Sclerieae are made.
Infrageneric limits are re-assessed and two subgenera,
Scleria and Hypoporum recognised, the relationship of
which is postulated as co-lateral, not filial. Evidence
is presented that ecological specialisation in subgenus
Hypoporum has resulted in taxa which are adapted to open,
seasonally dry, temperate habitats, whereas ecological
specialisation in subgenus Scleria has given rise to taxa
which are adapted to shady, wet, tropical and subtropical
habitats. Taxa in subgenus Hypoporum are slender, usually
narrow-leaved annuals, or perennials with annual aerial
parts, that is, they have evolved drought/cold escape
mechanisms, the annuals by completion of the life cycle
in a season, the perennials by withdrawal of food reserves
into a protected, subterranean perennating organ and
sometimes also into enlarged culm-bases. Taxa in subgenus
Scleria are more-or-less robust, usually broad-leaved
perennials, or, less cften, annuals. With few exceptions
the plants are evergreen and do not manitest drought/cold
escape mechanisms. The annual species occupy tropical
habitats in areas where seasonal drought may be

experienced and it is suggested that they have acquired
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the annual habit as a drought-escape mechanism. The only
perennial species in subgenus Scleria in Southern Africa
which has annual aerial parts, has evolved additional
storage regioné in the swollen culm-bases. This species,

S. transvaalensis occurs at higher, more temperate

altitudes than other species in the subgenus.

The fundamental branching pattern of the inflorescence
of all species examined has been shown to be the same. It
is postulated that the pattern is modified in two ways,
namely, by progressive contraction of all or most ramuli
leading to the "glomerate-spicate!" type of inflorescence
characteristic of subgenus Hypoporum, in which the bracts
are reduced, glumiform structures, and, by progressive
contraction of some ramuli and progressive elongation of
others leading to the "interrupted-paniculate" type of
inflorescence characteristic of subgenus Scleria, in
which the bracts are foliaceous. It is suggested that the
branched glomerate-spicate type of inflorescence is less
specialised than the simply glomerate-spicate
type, and that in the line with interrupted-paniculate
inflorescences, the greater the degree of elongation and
the greater the number of elongated ramuli, the more

highly specialised the inflorescence.

Evidence is pul forward that the spikelet of Scleria
is a munupodial, that is, racemoscly-branched structure,

and suggestions that it may be sympodial, refuted.



Tt is postulated that unisexual spikelets in Scleria
have been derived by reduction from bisexual (androgynaeceous)
spikelets. Unisexual lemale spikelets are unknown in
subgenus Hypoporum which has androgynaeceous spikelets and
unisexual male spikelets. It is suggested that the higher
the ratio of androgynaeceous to male spikelets in the

inflorescence, the less specialised the inflorescence.

Unisexual male and functionally unisexual female
spikelets occur in subgenus Scleria and, rarely,
androgynaeceous spikelets. It is suggested that species
which consistently produce some androgynaeceous spikelets
are more primitive than those which consistently lack
them, and that species whose functionally female spikelets
consistently lack any vestigial male parts are more

advanced than those which have male rudiments.

The hypogynium or "disc" which is present on some
achenes is considered to be a new modification of the
stipe of the achene and not a vestigial structure,
therefore it is postulated that the type of achcne
found in subgenus Hypoporum which has a trigonous stipe
lacking any distal elaboration as an hypegynium is
primitive, and that the type of achene found in subgenus
Scleria which has an obpyramidal stipe elaborated distally
as an hypogynium is derivative. It is suggested that
development of the hypogynium has attained its most
specialised level in one group of species in which this

structure serves as a flotation device. Diagnoses of



sections in subgenus Scleria are based partly on differences

in morphology of Lhe hypogynium,

It has been demonstrated that the cell-walls of the

c
pericarp are silicified, that the process of silicjfkation
is progressive proceeding trom the apex towards the base
of the fruii, and that abscission of the fruit takes
place when silicification is complete and the vascular
supply is severed. The achenes of subgenus Hypoporum have
all cells silicified; those of subgenus Scleria have all
cells except those of the Lyee flange(s) of the hypogynium

silicified.

Scanning electron microscopy has revealed details of
surface ornamentation ol the achenes not previously known,
which provide additional diagnostic characters at species

level.

Attempts to germinate achenes oif Scleria have been
unsuccessful : the conditions required, physical and

physiological, are not understood.

Analysis of analtomical evidence, in particular those
characters seen in transverse sections of laminas and
culms, confirms that there has been specialisation along
two divergent pathways; one which has led to successful
occupation of relatively dry, temperate habitats
(subgenus Hypoporum), and the other to successful

occupation ol shaded damp, and open aquatic, subtropical



and tropical habitats (subgenus Scleria).

One section, Hypoporum, is recognised in subgenus

Hypoporum, pending survey of the subgenus on a world basis.

Four sections are recognised in subgenus Scleria,
namely, Scleria, Acriulus, Schizolepis and Ophryoscleria.
Section Scleria may comprise several natural groups, the
delimitations of which can not be attempted until a world

survey has been made.

A map showing world distribution of the genus, and
regional distribution maps of Southern African species
are provided, also a Table showing the total distribution

range ol species recorded from Southern Airica.

Generic, subgeneric, sectional and species
descriptions are provided. Two new species are described.
Keys to the Southern African species for use in the
herbarium, in the ficld, and one based on anatomical
characters of the laminas are presented. Original
descriptions and photographs of tLype specimens of taxa

represented in Southern Africa are included as appendices.
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the Poaceac from the Restionaceae, Cronquist (1063,
1981) has presentcd cogent reasoning in support of the
view that the relationships are more nearly collateral
than filial, with the three orders, Juncales,
Re=tionales and Cyperales originating from the
Commelinales. The two families of Cyperales, Cyperaceae
and Poaceae, are considered by Cronquist Lo represent
closely related lines diverging at an angle from a

common source.

Classification within Cyperaceae lacks -uniform 'y.
While there is no consensus of opinion it is gencerally
agreed that there are several main spikelet and flower
forms represented and therefore genera have been
grouped in taxonomic assemblages to which the rank of
tribe has been accorded. The number and delimitations
of Cribes varies. Of post Darwinian workers, Bentham
(1887) recognised six tribal units, Clarke (1908)
seven, Holttum (1948) five, Hulchinson (1959) seven,
Koyama (1961) six, Hooper (in Metcalfe, 1971) eight
and Eiten (1976) nine with Cwo genera (Scleria and
and Dulichium) not assigned to tribes because of

uncertainty with regard to their taxonomic position.

The main lines of evolutionary development have
been suggested by the grouping of tribes in categories
of higher hierarchical level within which the
positioning of the tribes indicares putative phylogenetic

relationships. Bentham (l.c.) grouped his six Lribes
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inLo two series, Monoclines and Diclines. Clarke

(1.c¢.) placed his seven tribes in four sub-families.
Holttum (l.c.) accepted Bentham's arrangement but
switched the position of two tribes in Monoclines.
Hutchinson (1.c.) failed to recognise sub-familial

rank thereby indicating his seven tribes as representing
separate evolutionary lines. Koyama (1.c.) placed

his six tribes in four sub-families; Hooper (1.c.)
recognised five sub-families and Eiten (1.c¢.) three

sub-families.

In most of these systems of cltassification the
genus Scleria has, on the basis of its having unisexual
flowers, been placed among the more advanced members
of the family, since it has been widely accepted that
unisexual cyperaceous flowers are specialised and
derived by reduction from bisexual flowers such as
occur in Scirpuns of the tribe Scirpeae through an

intermediate stage such as that found in Cladium

(Rhynchosporeae). It has been suggested (Mattfeld,
1938; Holttum, 1948; Kern, 1062; Schultze - Motel,
1959, 1964) that bisexual flowers such as those of
Secirpus may possibly have been derived from unisexual
ones such as those of Hypolytreae (Mapanieae). Such

a view implies that the tropical Hypolytreae are more
primitive than Scirpeae, a concept which is not upheld
by Eiten (1970)J who considers the Mapaniecae with their
unisexual flowers aggregated in pseudanthia to belong

to the most advanced subfamily, Mapaniodeae. In
A



Eiten's scheme, Scleria is assigned to the second of
her three subfamilies, Caricoideac. Scirpeae and
Rhynchosporeae are placed in the most primitive ,ub-
family, Cyperoideae (= Rhynchosporoideae). This
accords with the view that unisexual flowers are
derived from bisexual ones in Cyperaceae and, in turn,
that reduced, anemophilous flowers are derived from

perfect, entomophilous flowers.

To the tribe Sclerieae have been assigned those
genera with unisexual flowers aggregated in spikelets
some of which have both male and female flowers, some
with a solitary female flower and some with only male
flowers. The spikelet of Cariceae differs from that
of Sclerieae in that the female flower is enclosed in

an utricle which is not present in Sclerieae.

Spikelet structure has been interpreted in Lwo
ways. The classical view is that the bisexual spikelet
of Sclerieae is a monopodial struclure with an
indeterminate axis bearing bracts (glumes) with a
single flower in the axil of each glume. Another
interpretation is that the bisexual spikelet of
Sclerieae is a double axis system, wilh the female
flower terminal on an axis From which a lateral axis
bearing the male flowers arises (Pax, 1886; Core,
1936; Kern, 1901; Napper, 1903; Schutze - Motel,
1964 and Koyama, 1967; 1960). Eiten (1976) supporls

the view that the bisexual spikelel is monopodial.
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Whereas most systems of classification include the

genera Bisboeckelera (= Hoppia), Becquerela, Calyptrocarya,

Diplacrum (including Pteroscleria) and Scleria (including

Acriulus) in the tribe Sclerieae, Fiten excludes Scleria

from the group, placing Bisboeckelcera, Becquerela,

Calyptrocarya and Diplacrum in a single tribe,

Bisboeckelereae Mattteld in Diels (1936) and not assigning

Scleria tLc¢ any tribe. Scleria is excluded from the

assemblage on the grounds that whereas the other genera
have inflorescences in which axes which terminate in

male spikelets arise from axes which apparently terminate
in pistils, in Scleria this patteirn of branching in the
inflorescence ncver occurs. The branching pattern of

the bisexual spikelet of Scleria is similar to that of

Rhynchospora (Rhynchosporeae), Schoenoxiphium and

Kobresia (Cariceae). Scleria in Fiten's view cannot be
assigned to Rhynchosporeae since it has unisexual
[lowers and those of Rhynchosporeae are bisexual, nor
to Cariceae because the female flower of Scleria is not

inside an utricle or semiutricular prophyll.

Uncertainty about the tribal affiliation of

Scleria is likely to persist until all species of the

genus and those of other genera assigned by various
workers either to Sclerieae or Bisboeckelereae are
adequately known morphologically and agrcement is
reached with regard to interpretation of spikelet

structure.
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Generic limits within the tribe Sclerieae (Clarke,
1908) are still not clearly defined. Acceptance of the
evolutionary outlook in the latter part of the ninctecnth
century resulted in scrutiny of established gencric
limits in order to detc¢rmine their phylogenelic
significance and as a result fifteen small genera, most
of them established by Nees von Lsenbeck, were reduced
by Bentham (1883) to congenerity in Scleria, among them
the genus Diplacrum R. Br. Most subsequent workers
have excluded Diplacrum from Scleria with the exception
of Kern (1961), Koyama (1961) and Raymond (19066).
Similarly the genus Acriulus Ridl. (1884) has been
variously upheld or reduced to congenerity in Scleria.
Evidence obtained from the present study supports the

inclusion of Acriulus in Scleria.

Uniformity is also lacking in classification
within the genus. Species have been grouped in infra-
generic taxa variously designated as subgenera, sections
and series, the delimitations of which vary. Criteria
used to separate infra-generic, supraspecific Laxa
include morphology of the inflorescence, the spikelet
and the fruit, as well as the habit of the plants.
Comparison of the systems of classification of the genus
is made difficult by the fact that all (except those
of Boeckeler (1874) & Clarke (1905) ) have been based
on work undertaken on a regional basis. The most
comprehensive accounts published since Clarke's day

have been those of Core (the Americas, 1936), Chermezon
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(Madagascar, 1936), Pierart (Belgian Congo and Ruanda
Urundi, 1951), Hutchinson (West Tropical Africa, 1036),
Nelmes and Baldwin (Liberia, 1952), Nelmes (Africa,
1955, 1956), Kern (Malaysia, 1961), Koyama (Japan, 1951)
and Robinson (Flora Zambesiaca area, 1066). There has
been ro revision of Southern Alrican species since

Clarke's account in Flora Capensis (1898).

Clarke (1908) recognised seven subgenera, two of
which were further subdivided into sections; Core
(1.c.) basing his classification on that of Pax (1887)
recognised five sections in the Americas; Nelmes (1l.c.)
four in Africa; Koyama (l1.c.) two subgenera in Japan,
Scleria and Diplacrum, of which Scleria was divided into
three sections based on Clarke's circumscriptions;

Kern (l1.c.) eight sections including Diplacrum in
Malaysia, of which three were new, and Robinson (1.c.)
two subgenera in the Flora Zambesiaca area, one of
which, Scleria, included iour of Clarke's subgenera
plus Acriulus and the other, Ophryoscleria, being
maintained unaltered. 1In most of the earlier trealmenls
the subgenus/section Hypoporum was diagnosed as having
bisexual (androgynaeceous) spikelets aggregated in
"glomerules" in unbranched or sparingly branched
"glomerate-spicate" inflorescences with greatly-reduced
bracts (”bracteoles”), as opposed to the lax or compact

paniculate inflorescences with foliaceous bracts of mosl



species of other sections all of which have functionally

unisexual spikeleils.

In addition, the absecnce of an hypogynous disc in
Hypoporum or its presence and morphology in other
sections has provided a character used to distinguish

infrageneric taxa.

The presence of subandrogynaeceous spikelets in
many species assigned to taxa other than Hypoporum led
Robinson (1966) to question the validity of separating
Hypoporum from other subgenera on the basis of gender
of the spikelets. The subgenus Ophryoscleria was
maintained on the grounds of its members having "highly
specialised development of the hypogynium and a

persistent and highly differentiated style-base'.

There is alsu disagreement with regard to
interpretation ot phylogenetic trends within the genus.
One school, exemplified by Nelmes (1955) considers that
section Hypoporum is advanced by virtue of its members
having slender, smooth culms, glumiform bracteoles,
giomerate—spicate inflorescences, hypogynia reduced to
absence and a large number of annual species. The
opposite view is that section Hypoporum is primitive
(Robinson, 1962) in having fully androgynaeceous
spikelels, in having among its members species with
the least-modified panicles in Lhe genus, a simultanecus

inflorescence and no hypogynium developed, that is,
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not reduced or vestigial.

Because of the extended geographical range of some
taxa there may be considerable morphological diversity
over their distribution range. This has not always
been appreciaied with the result that considerable
nomenclatural confusion at the species level still
exists, mainly because much of the earlier descriptive

work was undertaken on a purely regional basis.

Whereas some Southern African species of Scleria
are endemic to the region, the majority have wide
distribution in Africa mnorth of our boundaries and some
also in Malagasy, India, Malaysia, Australia, the East
Indies, South and Central America and the West Indies.
Many of the Southern African species of Scleria are
inconspicuous in the field, therefore distribution
records are poor and are often a better indication of
distribution of collectors in whom an awareness of
Cyperaceae has been engendered than they are of
distribution of species of Scleria. It is noteworthy
in this regard that the Herbarium of the University of
Orange Free State has not a single specimen of Scleria
in its collection. This situation is at least partly
due to the lack of a comprehensive key to the twenty-
one species recorded to date in Southern Africa, the
only key in existence being that of Clarke in Flora
Capensis (1898) in wnich eleven species were listed,

some of which have since been placed in synonymy.
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'Although it is known that anatomical data aid in the
elucidation of phylogenetic relationships in Cyperaceae
little information on the anatomical structure of
Southern African species of Scleria is available.
Descriptions have been published of leaf anatomy of
four locally represented species, S. foliosa Hochst.

ex A. Rich., S. unguiculata, E.A. Robinson, S. welwitschii

(Ridl.) C.B.Cl. and S. greigiifolia (Rid1.) C.B.C1.

(as Acriulus greigiifolius Ridl.), and of culm anatomy

of the same four species and of S. rehmannii C.B.Cl. by
Metcalfe (1971) and of leaf and culm anatomy of S.

poaeformis Retz. by Govindarajalu (1975), but none of

the specimens examined was of Southern African origin.
Critical studies of anatomical structures of all species
represented in the region are necessary in order to

aid in the elucidation of infra-generic relationships.

The purpose of this investigation has been Lo obtain
a clearer understanding of taxonomic relaltionships of
and within the genus Scleria through critical analysis
of morphological and anatomical evidence, ecological
preferences and distribution of the species represented
in Southern Africa. Particular attention has been given
to interpretation of floral morphology and spikelet
structure, for until such time as all species are
adequately known morphologically, interpretations may
well be doubtful and opinions with regard to tribal

atffiliation are thus likely to remain divided.



During the course of this investigation threec
visits have been made to the Herbarium of the Royal
Botanic Gardens, Kew, in order to examine gatherings
of Scleria from the whole range of its distribution.
Type material of every species represented in Southern
Africa has been examined and literature relating to
Cyperaceae from all areas of the world where the genus
is known has been consulted. Complete descriptions of
the genus and of all the species previously recorded
from our area have been made. Two new species have
been described (Franklin, 1983) and keys for use in the

field and the laboratory have been prepared.

1.1. Historical review of the family Cyperaceae

One of the hundred "Ordines Naturales"
established by Antoine Lauvrent de Jussieu in

1789 was the Cyperoideae (de Jussieu, 1789).

Several accounts of the family lollowed,
among them those of A.P. de Candolle (1805) who
was the first to use the name "Cyperaceae', now
conserved, Robert Brown (1810), T.G. Lestiboudois
(1819) JohnlLindley (1830), and J.H.F. Link (1833),
but it was not until 1834 that subdivision of the
family into tribes took place. 1In that year
C.G.D. Nees ab Esenbeck (1834) divided the family

into nine tribes, namely, Cypereae, llypolytrcae,
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Chrysitricheae, scirpeae, Rhynchosporcae, Cladieae,
Sclerieae, LElyneae and Cariceae. By the addition
of Fuireneae (Endlicher, 1836) the number was
raised to ten. Endlicher (1836) followed Nces'
treatment of the family and incorporated additional
information obtained from an unpublished account
by Fenzl (Fenzl mss. cited in Endlicher, 1836).

ITn Endlicher's account the tribe Rhynchosporeae
was divided into two sub-tribes, Rhynchosporeae
Verae and Schoenoideae and the tribe Fuireneae

was proposed with three sub-tribes, Melanacrideae,
Hemichlaeneae and Ficineae. Nees (1842) raised
Ficineae to tribal rank bringing the number of

tribes to eleven.

In his "Enumeratio Plantarum", C.S. Kunth
(1837) combined Ficineae, Fuireneae and Scirpcac
in a single tribe, Scirpeae, and combined Cladiecae
with Rhynchosporeae in Rhynchosporeae. Boeckeler

(1869) adopted Kunth's treatmenL of the family.

Bentham (in Bentham and Hooker, 1883) reviewed
the classification of Cyperaceae, according tribal
rank to six units which in turn he grouped into
two categories of higher hierarchical level.
Possible phylogenetic relationships were suggested
by the positioning of the six tribes in the two
series. In Monoclines (with hermaphrodite flowers)

were placed the tribes Scirpeae, Hypolytreae and
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Rhynchosporeae and in Diclines (with unisexual
[lowers) the tribes Cryptangiecae, Sclerieae and

Cariceae.

Pax (1866, 1887) also divided the family into
two sub-families; Scirpoideae (spikelet withoul a
terminal flower) and Cari.coideae (spikelet with a
terminal flower), in which Sclerieae was included.
Some of his observations were faulty and his system
has been strongly criticised, especially by

Holttum (1948);

In "Flora Capensis" C.B. Clarke (1897)
was

published a system of classitication whichAro—
published, unaltered, four ycars later in "Flora
of Tropical Africa" (1902) and again, with some
modifications, in his posthumously published
monograph (Clarke, 1908). lle originally recognised
five (1897, 1002) and later scven (1908) tribes
which were groupcd into four sub-families, namely
Scirpo-Schoeneae which included the tribes
Cypereae, Scirpeae and Schoeneae with "Rynchosporeae
added later; and Mapaniae, Scleriae and Cariceae
each with a single tribe. Clarke's separation of
the Mapanieae as a separate sub-family resulted
in a more natural system than that proposed by

Bentham.
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Holttum (1948) recognised six: tribes, of
which he considered the most primitive to be the
tribe Hypolytreae (of Bentham, not of Pax) with
the tribes Scirpeae and Rhynchosporeae,
Scleriae, Cryptangieae and Cariceae representing
higher levels of specialisation. He considered
the tribes of the Diclines (of Bentham), namely,
Sclerieae, Cryptangieae and Cariceae, to be
less closely related to each other than to the
Monoclines from which he believed them to have
diverged from different origins. Hutchinson
(1959) recognised seven tribes, but indicated
them as representing separate evolutionary lines

by his failure to recognise sub-familial rank.

Koyama (1961) recognised six tribes in four
sub-families. Whereas scparation of sub-families
in earlier systems had.been based primarily on
the sex of the flowers and the number of fruil-
bearing flowers within a spikelc¢t, with less
importance attached to the presence or absence of
a terminal flower, Koyama considered the last
character to be the most important. He also
attached great importance to the morphology and
position of the prophyll as a means to delimit
larger groups. The sub-families and tribes

recognised by Koyama (1961) were Mapanioideae with



one tribe, Hypolytreae; Scirpoideae with two

tribes, Scirpeae and Cypereac; Rhynchosporoideae
with the tribe Rhynchosporeae divided into three
sub-tribes, Cladiinae, Gahniinae and Rhynchosporinac,
and the tribe Sclerieae; and Caricoideae with

one tribe, Cariceae.

The system which has found greatest favour
among English-speaking cyperologists is that of
Clarke, (1908), albeit with some modificalions.
Hooper (in Metcalfe, 1971) proposed the acceptance
of the seven tribes used by Hutchinson with the
addition of an eighth tribe for Dulichium,
arranged, with slight modification in the sequence
of some genera, in the framework proposed by
Clarke. In sub-family Scirpoideae were placed
the tribes Cypereae, Scirpecae, Rhynchosporeac
(= Rynchosporeae and Schoeneae of Clarke) and
Dulichieae (Schultze-Motel, 1959); in Mapanieae
the tribe llypolytreae; in Caricoideae the tribes
Sclerieae (= Scleriae part 1 of Clarke),
Cryptangieae (= Scleriae part 2 of Clarke) and

Cariceae.

Eiten (1976) proposed a system of
classification based upon analysis of the
branching patterns of the ultimate brarch orders
of the inflorescence and the sex of the flowers.

She recognized three sub-tfamilies, nine tribes



and two genera whose tribal position was

considered to be uncertain. The arrangement of

the three sub-families differs from that of earlier
systems in their sequence, the placing of the
Mapanioideae last, indicating Eiten's opinion that
this is the most specialised group in the Yamily.

An outline of her proposed system is given below.

Sub-family 1. Cyperoideae (= Rhynchosporoideae)
having true bisexual flowers
arranged in true, racemosely-branched
spikelets.
Tribes Scirpeae, Cypereae, Rhynchosporeae

and the genus Dulichium.

Sub-tamily 2. Caricoideae having true, alwsys
unisexual flowers arranged in true,
racemosely-branched spikelets.

Tribes Lagenocarpeae, Bisboeckelercae,

Cariceae and the genus Scleria.

Sub-family 3. Mapanioideae having an inflorescence
of one or more pseudospikelets,
each pseudospikelet made up of
pseudanthia of unisexual flowers
borne racemosely on a rhachilla.
Tribes Mapanieae, Syntrinemeae,

Micropapyreae.



By its placement in the tribe Sclerieae (Nees,
1834) the distinctiveness of Scleria within
Cyperaceae was early recognised. Its unisexuality
was also soon brought to attention (Bentham, 1883).
Both Pax (1886, 1887) and Eiten (1976) placed the
genus in sub-family Caricoideae but, according Lo
the former author the sub-family was diagnosed by
"spikelet with a terminal flower"; accordiug to
the latter author the "true, always unisexual
flowers are arranged in true, racemosely-branched
spikelets". This reflects both the changing
diagnoseslof categories with time and increasing
understanding and knowledge and, for Scleria,
the on-going conflict in interpretation of the
position of the female tlower in the androgynaeceous

spikelet.

Liten's recent work on South American plauls
has brought yet turther authority to the opinion
favouring a lateral positioning of the female
flower. It will be of interest and importance
to find whether éubsequent studies by workers,
considering and re-considering species from parts
of the world other than Soulh America, with
Eiten's conclusions before them, support or

refute her findings.
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History of the genus Scleria

The genus Scleria was founded by Peter Jonas
Bergius in 1765. The generic name is derived
from the Greek word meaning hardness and refers
to the hard achenes, the pericarp of which is
now known to be silicified. Prior to 1765
several members of the genus had been described
as members of other genera. The first of these
(Core, 1936) was a Jamaican plant described and
illustrated by Hans Sloane (1707) which he

called Gramen cyperoides silvaticum maximum

geniculatum, asperius, semine milii folis. Linnaeus

(1759) described Sloane's plant and named it

Schoenus secans. Subsequently C.B. Clarke (1900)

transferred it to Scleria. Scleria secans (L.)

C.B. Cl. was not the first species of the genus
to receive a binomial for Linnaeus (1753) had
described and named the plant now known as

Scleria litkosperma as Scirpus lithospermus which

he transferred to Schoenus in 1762, and which

was later placed in Scleria by Olof Swartz (1788).

Bergius (1765) described two species 5.

flagellum-nigrorum and S. mitis, both American.

With S. flagellum-nigrorum Bergius included

Schoenus lithospermus L. (1753), "Carex tenuior

altissime scandens" of Patrick Browne (1756, which

is believed to be Scleria secans) and Schoenus
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secans L. (1759), thereby initiating a welter of
confusion which was aggravated by later authors
and persisted until Britton (1915) having
examined the type of S. secans (L.) C.B.Cl at

BM was able to state "that it was the same as

Scleria reflexa HBK., and not the same as Scleria

flagellum-nigrorum Berg.". The identity of S.

flagellum-nigrorum as a separate taxon was confirmed

by Core (1936) who established that S. flagellum-
nigrorum Berg., S. secans (L.) C.B.Cl. and S.

lithosperma (L.) Sw. are distinct taxa and provided

full synonymy for these three species. Writing

of S. flagellum-nigrorum and S. secans he stated:-

"The two species are quite distinct
and it is difficult to see how the
confusion arose. Scleria secans
has white fruits and a long
membranaceous appendage to the ligule,
while in Scleria flagellum-nigrorum
the fruits are variegated with
purple and the ligule is short and
unappendaged. The latter species
is also much more scabrous than

the former."

It is even more difficult to see how Scleria

lithosperma whose achenes lack hypogynia, could

have been confused with S. flagellum-nigrorum

whose achenes have well -developed hypogynia
with three rounded lobes, or S. secans with its

subentire, suborbicular hypogynia.
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Although Swartz (1788) and Clarke (in Urban,

1901) recognised Scleria lithosperma as a distinct

taxon, both authors cited Schoenus lithospermus L.

(1762) and Carex lithosperma L. (1767) as partial

synonymns of Scleria flagellum Sw., and both cited

Scirpus lithospermus L. (1753) as a synonymn of

Scleria lithosperma Sw. Clarke (l.c.) also cited

Schoenus lithospermus L. as a synonymn of Scleria

lithosperma Sw. '"pro parva parte'.

The confusion over Lune identity of Scleria

flagellum-nigrorum was particularly unfortunate

since Bergius intended it as the type species of

the genus.

Swartz (1788) published a comprehensive account
of the genus which by then included six species,
three of them new. The speciesr enumerated were

S. flagellum Berg. (sic), S. mitis Berg., S.

lithosperma (L.) Sw., 8. latifolia Sw., S. filiformis

Sw. and S. hirtella Sw. He perpetuated Lhe
confusion created by Bergius with regard to synonymy
and compounded it by omitling half the specific

epithet of the type species.

In 1834 C.G.D. Nees ab Esenbeck segregated

the species which lacked hypogynia under the genus

Hypoporum and proposed the genus Cylindropus based
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on the species now known as S. junciformis Thwaites.

In 1842 he segregated all but a few of the remaining

species under the new genera Chondrolomia, Hymenolytrw

Trachylomia, Mastigoscleria, Omoscleria, Macrolomia,

Ophryoscleria and Schizolepis. The genus Diploschyphu

was proposed by Liebmann (1850) for the species
since placed by Boeckeler (1874) in Scleria as

S. mexicana (Liebm.) Boeck.

Prior to Nees' 1842 publication, tEndlicher
(1836) had proposed the division of the genus
Scleria into three sections, namely Scleria,
Becquerela and Hypoporum. Diagnoses and
descriptions of the sections were given. 1In
section Scleria he included Scleria Bergius and

Cylindropus Nees; in section Becquerela he

placed Becquerela Brongniart and Calyptrocarya

Nees and his section Hypoporum comprised Hypoporum

Nees.

The integrity of the genus Scleria was upheld
by Kunth (1837) in his account in "Enumeratio
Plantarum". He distinguished several sections of
the genus but applied no names to them. His
systematic treatment included keys to the '"sections"
and "sub-sections" and descriptions, among them
the original descriptions of five South African
species based on collections made by Drége. These

were the first descriptions of Southern African
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species of Scleria based on gatherings made in the

region.

In a revision of the Brazilian Cyperaceae
Boeckeler (1869) enumerated fourteen species of
Scleria, three of them new. He rejected Nees!'
splitting of the genus and reduced Hypoporum,

Mastigoscleria, Ophryoscleria, Schizolepis and

Macrolomia to congenerity in Scleria. He

subdivided this genus into three sections,
Spicatae, Paniculatae and Cymiferae. He failed
to provide diagnoses of the sections but included
two species assigned by Nees to Hypoporum in
section Cymiferae, and the species assigned by

Nees to Scleria, Mastigoscleria, Macrolomia,

Ophryoscleria and Schizolepis in section Paniculatae,

thereby defining his concept of infrageneric

limits by inference.

In a later publication Boeckeler (1874) reduced

Chondrolomia, Trachylomia and Hymenolytrum to

congenerity in Scleria and provided keys to the
sections Spicatae, Paniculatae, Cymiferae and a
group designated as having corymbose-cymose
inflorescences which did not fit in any of the other
three sections. Descriptions of 109 species, with
distribution records and some synonymy were provided.,
Subsequently (Boeckeler, 187G) eleven more African
species were listed, with descriptions of ten of

them.



Bentham (in Bentham and Hooker, 1883)
included fifteen genera in Scleria, namely Scleria
Bergius (1765), Diaphora Louriero (1760),
Diplacrum R. Brown (1810), Hypoporum Nees (1834),

Cylindropus Nees (1834), Trachylomia Nees (1842)

Schizolepis Schrad. ex Nees (1842), Mastigoscleria

Nees (1842), Omoscleria Nees (1842), Chondrolomia

Nees (1842), Hymenolytrum Nees (1842), Macrolomia

Schrad. ex Nees (1842), Ophryoscleria Nees (1842),

Diploschyphus Liebmann (1850) and Sphaeropus Boeck.

(1873).

Clarke (186¢4) in his critical revision of
Cyperaceae for the "Flora of British India",
recognised two subgenera in Scleria, namely
subgenus Hypoporum comprising the species with
many bisexual spikelets (4 species represented)
and subgenus Scleria proper (sic), with bisexual
spikelets few or none (25 species represented).
He further divided subgenus Scleria into three
sections, Tessellatae (8 species), Elatae (16
species) and Schizolepis (1 species), basing his
separation on a number of morphological characters.
Section Tessellatae included those species of
slender, sometimes tall habit with very short,
slender rhizomes or lacking rhizomes; with
leaves not "caudate-setaceous" at the tip, that
is, not praemorse; with narrow terminal panicles

and lower axillary panicles often remote, reduced
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to "spikes" and sometimes very short. Section
Elatae comprised robust plants with thick,
sometimes woody rhizomes (one exception remarked);
leaves in many (not all) species "caudate-
setaceous" at the tip; with rigid, often
pyramidal partial panicles and with the lobes

of the disc-margin entire, or, in one species,
digitate. The only species assigned to section

Schizolepis, S. bracteata Cav. (syn. Macrolomia

bracteata Nees) was characterised as having
"character of Elatae, but rim of disc - margin
with numerous triangular or lanceolate teeth'.
Descriptions of all the species listed were

given.

In the following year Clarke (1895) in
Durand and Schinz "Conspectus Florae Africae"
listed alphabetically 55 species of Scleria.
He included distribution records and some synonymy,
but failed to recognise synonymy in some
instances. No keys or descriptions were
provided. Several new species and varieties
were listed including some based wholly or in
part on plants collected in Southern Africa

(S. rehmannii, S. woodii, S. natalensis, S.

catophylla and var. tuberculata of S. hirtella

Sw. and var. macrantha of S. melanomphala Kunth).

In this publication Acriulus was maintained as

a separate genus.
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Descriptions of the new Southern African
species were published three years later in
"Flora Capensis" (Clarke, 1868). The eleven
species recorded from the region were grouped in
three subgenera, Hypoporum, Eu-Scleria and
Schizolepis. In Urban's "Symbolae Antillanae”
(1900) Clarke designated all infrageneric groups
of species as sections rather than as subgenera
and sections. He provided diagnoses of sections
Hypoporum, Brownieae, Tessellatae, Eu-Scleria,
Ophryoscleria, Schizolepis and Becquerelia.
Sections Hypoporum and Brownieae comprised those
species with the nut-bearing spikelets
androgynaeceous. Species with unisexual spikelets
were distributed among the other sections.
Section Hypoporum was diagnosed as having the
disc of the achene obscure or obsolete, fused
with the achene-stipe, whereas in section
Brownieae the disc was described as having its
margin produced into three scales or 3 - 6
glands. In the sections with unisexual spikelets,
Tessellatae comprised those species with fibrous
roots (annuals by implication), while Eu-Scleria,
Ophryoscleria, Schizolepis and Becquerelia
comprised perennial species. The distinction
between sections Eu-Scleria and Becquerelia were
not very clearly drawn, being more a matter of

degree than one of absolute distinction. Eu-



45.

Scleria was diagnosed as having the disc-margin
neither ciliate nor fimbriate, Ophryoscleria

as having the disc-margin ciliate and
Schizolepis as having the disc-margin fimbriate

or serrate.

The genus Acriulus Ridley was reduced to
congenerity in Scleria by Clarke (1002). In
this publication his reversion to the concept
of the division ol the genus into subgenera and
sections was shown by his division of Hypoporum
into Hirtellae and Lithospermeae. The 22 species
placed in Hirtellae were characterised as
"Slender plants. Spikelets small, mostly
clustered. Clusters sessile in a simple spike
or on the branches of a panicle. Infleorescence
not leafy; bracts small or setaceous'.
Hirtellae comprised some annual and some perennial

species. The single species, S. lithosperma,

placed in Lithospermeae was diagnosed as "Less
slender. Inflorescence very scattered; bracts

]

leaf-1like. Perennial.

Two sections were recognised in subgenus
Scleria, Tessellatae, with "rhizome O or hardly

any" and "all the species except S. gracillima

very much alike", and a section to which no

name was applied which was characterised as
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having "rhizome thick, creeping. All stout
plants, with copious inflorescence". Subgeneric
rank was implied for Schizolepis, Ophryoscleria

and Acriulus.

In a posthumous publication compiled from
Clarke's notes (1908) several alterations were
made. Seven subgenera were recognised, namely,

Hirtellse
subgenus Hypoporum, with four sections,APergraciles,
Lithospermae and Corymbosae; subgenus Browneae;
subgenus Tessellatae; subgenus Eu-Scleria with
three sections, Asiaticae-0Oceanicae, Africanae
and Americanae; subgenus Ophryoscleria;
subgenus Schizolepis and subgenus Becquerelia.
The genus Acriulus was excluded from Scleria.
Browneae and Tessellatae were elevated from
sectional to subgeneric rank and the nameless
section placed in subgenus Scleria in his 1902
classification, was accorded subgeneric rank as

Eu-Scleria.

Core (1936) in his revision of the American
species of Scleria, recognised five sections
within the genus; Hypoporum, Hymenolytrum,
Ophryoscleria, Schizolepis and Euscleria,
section Hypoporum being distinguished only by
the absence of any hypogynium. Section

Hymenolytrum he characterised as having "Pistillate
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spikelets lowest in each branch, sessile, one-
flowered; the staminate on distinct long
peduncles". The other sections with hypogyniate
achenés lacked the combination of characters

of section Hymenolytrum and were distinguished
from each other solely on the morphology of the
hypogynium, that of Ophryoscleria having a
ciliate margin; of Schizolepis having a fimbriate
or serrate margin and that of Euscleria having
three lobes with entire margins. Species
assigned by Core to section Hymenolytrum (Nees)
Core were placed by Clarke (1908) in subgenus

Fu-scleria, section Americanae, group Stipulares.

The system used by Chermezon (1936) was
based on that of Clarke (1908). Acriulus was

excluded from Scleria.

The system used by Piérart in his account
of the genus in the Belgian Congo and Ruanda
Urundi (1951) was based on that of Core.

Acriulus was excluded from synonymy.

Nelmes, (1955, 1956) in his comprehensive
account of the genus for the whole of Africa
recognised four sections, Hypoporum (Nees) Endl.,
Scleria (Berg.) Endl., Schizolepis (Nees) L:B.L).,

and Ophryoscleria (Nees) C.B.Cl. Acriulus was
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excluded from synonymy. Clarke's separation of
the sections Hypoporum and Scleria into smaller
groups of species was not upheld, which

indicated Nelmes' awareness that the greater

the number of species under consideration and

the greater the geographical range of those
species the less clearly defined the supraspecitic

and infrageneric limits become.

Two accounts of Scleria from Asian regions
were published in 1961, namely Koyama's revision
of Japanese species and Kern's of Malaysian

species. Both authors included the genus

DiElacrum in Scleria.

Koyama (1961) recognised two subgenera,
namely Scleria, with three sections, Hypoporum,
Elatae and Tessellatae; and Diplacrum with a
single species represented, S. caricina (R.Br.)
Benth. Subgenus Scleria was diagnosed as
having "Partial inflorescences of a panicle"
and Diplacrum as having "Partial inflorescences
of head at axil of leaf-like bract; small

annuals 3 - 20 cm tall?".

Kern (1961) criticized Clarke's subdivision
of Scleria and by way of correction proposed
"the distinction of groups (sections) of

apparently more or less closely related species".
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Eight sections were proposed with the perennial
species distributed among sections Brownieae,
Scleria, Corymbosae and Carphiformes and annuals
among Hypoporum, Tessellatae, Sphaeropus and
Diplacrum. The distinctions between some of

his sections were very minor indeed.

In a series of papers on East African species
of Scleria which culminated in an account of the
genus for the "Flora Zambesiaca" region (1966),
Robinson progressively modified his concepts of
infrageneric boundaries which were based in his
earlier papers on full acceptance of Clarke's
system. Critical re-assessment of the South-
CLast. African species led him to conclude that
there is intergradation between sections
Hypoporum (Nees) Endl., Scleria (Berg.) Endl.,
Acriulus (Ridl.) C.B.Cl. and Schizolepis (Nees)
C.B.Cl. Accordingly he proposed that the
African species be grouped in two subgenera,
Scleria and Ophryoscleria. Subgenus Scleria
was diagnosed as having the hypogynium not
ciliate at the upper margin, never wider than
the achene itself and often reduced to an
undifferentiated stipe-like base to the achene,
whereas the hypogynium of subgenus Ophryoscleria
was defined as ciliate at the upper margin and
enlarged at maturity into a cupola of hard

corky tissue wider than the achene itself and in
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which the base of the achene is embedded.

1.2.1. History of the genus Scleria in Southern

Africa

The first descriptions of speciecs of
Scleria based on plants collected in
Southern Africa were published in

"Epnumeratio Plantarum" (Kunth, 1837).
Five species were described, from
collections made by J.F. Dreége in 1832
(Gunn & Codd, 1981). These were S.

drégeana, S. meyeriana, 5. holcoides,

S. melanomphala and S. angusta.

This was followed by Clarke's
listing (1895) of eleven species from
Southern Africa in Durand and Schinz

"Conspectus Florae Africac". (Table 1).

The publication of Clarke's
descriptive account of Scleria in Southern
Africa in "Flora Capensis" (1898) was
the first comprehensive account of the
genus for the region. It has never been
superseded. In it, eleven species were
described and notes on distribution, keys
to identification and specimen citations

were given.
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1971 1972 1976 1983 PROJECTED
Jacot Guil- Gordon-Gray | Compton Franklin Franklin
larmod
Key and Keys and
Enumerations Enumeration descriptions Descriptions | descriptions
drégeana drégeana - - drégeana
= melanomphala | melanomphala = melanomphala
= éngusga - -~ angusta
= nutans - = nutans
B o = - aterrima
= bulbifera bulbifera - bulbifera
= - - = rehmanni i
woodii woodii - - woodii
. = natalensis - = natalensis
flexuosa flexuosa - —= dieterlenii
= welwitschii welwitschii - welwitschii
= - - - pergracilis
o - = - foliosa
= greigiifolia - - greigiifolia
= = - = longispiculata
= achtenii - - achtenii
= - adpressrirta - lagoensis
= = = = veseytfitzgeraldii
- poaeformis - — poaeformis
j B Sp. - sobolifer” sobolifer
| = = - t?agsvaalen—
sis transvaalensis
= = = 5 unguiculata

lacustris




The description of a new species from

Basutoland (Lesotho), Scleria dieterlenii

Turrill (Turrill, 1914) increased the

tally to twelve.

Schonland (1922) enumerated three
species, none of them new records. Apart
from illustrations of two of these by
Stella Gower, Schonland's monograph
added little information to that already

available.

In his comprehensive revision ot the
genus in Africa Nelmes (19055, 1956)
recorded fourteen species from Southern

Africa with the exclusion of S. catophylla

C.B.Cl. which he reduced to synonymy
with S. hirtella Sw. and with the

addition of S. welwitschii (Ridley)

C.B.Cl., S. foliosa Hochstetter ex A.

Richard and S. pergracilis (Nees) Kunth

var. brachystachys Nelmes.

Kern (1963) published a re-assessment
of the genus Acriulus Ridley which was
once more reduced to synénymy in Scleria.
Among the specimens cited was a gathering

from Natal (K.D. Huntley 781) of

Scleria greigiifolia (Ridl.) C.B.C1.




Robinson (1966) in his descriptive
account of the genus for "Flora
Zambesiaca" included mention of those
Southern African species common to both
areas. He included both S. nutans

Willd. ex Kunth (syn. S. hirtella Sw.

var. tuberculata C.B.Cl.) and S.

catophylla C.B.Cl.: he placed S.

drégeana Kunth, S. meyeriana Kunth and
S. bholcoides Kunth in synonmy as S.

drégeana: he included S. dieterlenii

Turrill but reduced this species to
synonymy with S. flexuosa Boeckeler and
he recorded five additional species from

our area, S. longispiculata Nelmes, BS.

achtenii DeWildeman, S. lagoensis

Boeckeler, S. poaeformis Retzius and

S. veseyfitzgeraldii Robinson.

Thus by 1966 the total number of
species recorded from Southern Africa,
excluding S. meyeriana and S. holcoides,

had been increased to nineteen.

Podlech (1967) provided a key to
and descriptions of three South West
African species, none of them new records

for Southern Africa.



Jacot Guillarmod (1971) enumerated
three species in her "Flora of Lesotho'",
none new. No key or descriptions were

given.

The taxonomic status of S. dieterlenii

and 8. flexuosa was reviewed by Napper
(1971) who concluded that the two taxa
are distinct, thereby re-establishing
the valid name of the Southern African

plants as S. dieterlenii. The taxon

described by Clarke as S. catophylla

was placed in synonymy with that originally
named S. hirtella Sw. var. aterrima

Ridl. and elevated from varietal to
specific status as S. aterrima (Ridl.)
Napper. Re-examination of American and
African material assigned to S. hirtella
Sw. and its varities led to the

conclusion that the African taxa are
distinct from the American and therefore

required re-naming.

In her account of the Cyperaceae in
Ross' "Flora of Natal" (1972) Gordon-Gray
recorded thirteen species in the province,
together with gpecimen citations, synounymy,

notes on distribution and on the taxonomic
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status of some species, but without a key
or descriptions. Robinson's treatment
of S. meyeriana and S. holcoides as

synonymns of S. dreéegeana and S. dieterlenii

as a synonymn of S. flexuosa was
accepted. An un-named new species was
listed, thereby bringing the total
number of species recorded for Southern

Africa to twenty.

Compton (1976) listed and provided
descriptions of five species, including
one new record, in his "Flora of
Swaziland", so that by 1976 twenty-one

species had been recorded for the area.

Yet, because of the difficulties
inherent in attempting to correlate the
available information on Southern African
species of Scleria much of which is not
in the literature of the region, Dyer
(1976) in "The Genera of Southern African
Fiowering Plants" stated that twelve

species were recorded from the region.

It is therefore obvious, as pointed

out by Gordon-Gray (1965) that in dealing



with literature relating to Scleria and
other genera of Southern African plants,
it is imperative that consideration be
given to literature relating to the genus
under review throughout its distribution

range.
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CHAPTER 2

Materials and Methods

Preparations for examination by light microscopy

Fresh vegetative material for use in
anatomical studies was fixed in F.A.A. (40%
formalin 8 ml : glacial acetic acid 5 ml
70% aqueous ethanol 87 ml) for a minimum of
seven days. Portions of the fixed material
were desilicified by soaking in 10% aqueous
hydrofluoric acid for from one to several weeks,
washed in tap water for 24 hours and stored in

F.A.A.

Dry vegetative material from herbarium
sheets was, in the initial stages of the
investigation, rehydrated by boiling in tap
water for several hours prior to storage in
F.A.A.. Very poor results were obtained by
this method (Fig. 2, A). Subsequently dry
material was soaked in 1% aqueous potassium
hydroxide for varying periods depending upon the
response of the material, which could be gauged
visually. When the organ had resumed normal
shape the material was washed in tap water and

stored in F.A.A. The staining reaction of
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Fig.

2.

Transverse sections of lamina of B.

greigiifolia (K.D. Huntley 781); A,

rehydrated by boiling in tap water;

material rehydrated by soaking in 1%

potassium hydroxide.

material
B)

aqueous
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material treated in this manner was altered
because of delignification effected by the

alkali, but restoration of normal shape to cells
resulted in very much better preparations than
could be obtained by boiling in water (Fig. 2, B).
Material which had been treated with alkali was

not desilicified.

Freshly fixed, freshly fixed and desilicified,
and fixed rehydrated material for sectioning was
passed through a tertiary butanol dehydration
series, embedded in wax and.sectioned with a
Leitz sledge-base microtome at a thickness of
15 um. Sections were stained in a safranin and
fast green series and mounted in Canada balsam,

"Euparal'" or "DFPFX" mountant (Johansen, 1940).

Leaf epidermal strips were made from freshly
fixed or rehydrated material; A portion of
leaf was 1laid flat on a glass slide with the
epidermis to be stripped placed in contact with
the glass, irrigated with a commercially
available solution (c. 3,5%) of sodium
hypochlorite ("Jik", "Javel", Jill's Bleach",
etc.) and gently scraped with a scalpel or
razor-blade until unwanted material was removed.
A fine brush was used in the final stages to

sweep away the less-tenacious mesophyll tissue.
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The epidermis once freed from overlying tissue
was trimmed, washed in tap water, placed right-
side-up on a clean glass slide, covered with a
thin layer of phenol crystals and gently heated
on a slide drying plate until the phenol had
liquefied and was reduced in volume to a thin
film. A few drops of "DPX" mountant were then
added to the preparation and a cover-slip placed
in position. Permanent preparations were made
by this method in which the silica deposits
remained highly refractile indefinitely. The
visibility of silica bodies was enhanced by

phase-contrast microscopy.

A Zeiss semi-automatlic photomicroscope

was uscd to view and photograph anatomical

preparations.

2.2.1. Preparation of camera-lucida drawings

Camera-lucida drawings of parts of
transverse sections of different organs
were made with the aid of a Zeiss drawing
tube fitted to a monocular compound
microscope. The scale of the drawings
was measured with a stage micrometer.

The drawings are provided as a guide to
the interpretation of tissues shown in

photomicrographs.
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Preparations for use in SEM

Since the bulk of the material available
for study was in the form of herbarium specimens
it was considered desirable to establish at the
outset whether such pressed,; dry material should
be rehydrated, then critical-point dried before
coating and viewing or whether it could simply
be coated and viewed. Preparations were made
by both methods and these were compared with
preparations made from freshly fixed material
which had been critical-point dried and coated.
The comparison showed no appreciable difference
in the results obtained from the three different
methods. All preparations for SEM were therefore
made from dried specimens without recourse to

critical-point drying.

Dry material was mounted on brass stubs
using either double-sided adhesive tape or
acrylic varnish. The specimens were then
coated in vacuum with gold to a thickness of
less than 150 R in a Polaron Sputter Coating
Unit E 5000, then examined in a Philips SEM 500
scanning electron microscope at a voltage of
25 kV. The images were photographed with a

35 mm camera.
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Silica deposits

Portions of vegetative organs and whole
achenes were macerated in concentrated nitric
acid and concentrated perchloric acid (Hayward
and Parry, 1975; Franklin, 1981) to remove
organic constituents, and washed in tap water.
Vegetative material yielded a sediment of
particulate silica and some cell-shells and cell-
sheets. The sediment was packed by centrifugation
and the aqueous supernatant discarded. The
sediment was stored in absolute methanol. Achene
shells remained whole after oxidation; The
shells were transferred to absolute methanol with
a fine brush. When required for SEM the siliceous
material was transferred to adhesive-coated
brass stubs (the methanol evaporating very rapidly),

coated with gold and examined.

The siliceous nature of the achene shells
was confirmed by analysis using a JEOL JSM U3
scanning electron microscope fitted with an
energy dispersive X-ray analyser (EDX) Model 711.
This was carried out at the National Physical
Research Laboratory of the Council for Scientific
and Industrial Research, Pretoria. EDX analyses
were carried out on both outer and inner surfaces

of achene shells (Franklin, 1979).
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Preparation for use in Transmission Electron

Microscopy (TEM)

Portions of fresh leaves were fixed in 3%
glutaraldehyde in 0.05 M PIPES buffer, pH 7,
for 24 hours, washed thrice with 0.05 M PIPES
buffer at 10 minute intervals, post-fixed in
1% aqueous osmium tetroxide in cacodylate buffer
for 1 hour and washed thrice with distilled
water at 5 minute intervals. The fixed material
was passed through an ethanol dehydration series
(10%, 20%, 50%, 70%), then stained for 1 hour
in saturated uranyl acetate in 70% aqueous
ethanol. The dehydration process was continued
(75%, 85%, 95%, 2 x 100%). The dehydrated
material was passed through two changes of 100%
acetone, then infiltrated with Spurr resin in
three stages namely, acetone/resin 1:1 8 hours,
the first under vacuum; acetone/resin 1:3
24 hours; resin 24 hours. After infiltration
the material was placed in plastic boats,
covered with resin and polymerised at 60°C in a
vacuum oven for 24 hours, after which the blocks

were stored in a desiccator.

The material was sectioned with either a
diamond knife or glass knives on a Reichert OM

U2 microtome. Sections were collected on 200
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mesh copper grids, washed in distilled water,
stained with lead citrate for 10 minutes,

washed thrice in distilled water and dried.

Sections were viewed with a Philips 301
TEM. 1Images were photographed with a 35 mm

camera.



CHAPTER 3

Morphology

The genus comprises monoecious annual herbs, with
adventitious roots developed {rom the proximal nodes of
the culms and monoecious perennial herbs with short or
long, horizontal, oblique or descending fleshy or woody
rhizomes, or more-or-less horizontal subterranean
soboles or both rhizomes and soboles. Adventitious
roots arise from the nodes of perennating organs. Culms
are nodose, solitary or more-or-less tufted, stout or
slender, erect or scandent, trigonous or triquetrous,
leafy towards the base or throughout, smooth, scaberulous

or scabrid on the angles, glabrous or hairy.

The leaves are three-ranked, narrowly to broadly
linear with closed sheathing bases. They are smooth to
scabrid on the margins and on the 3-5 principal ribs,
glabrous or hairy and the lowermost are represented by
almost bladeless or bladeless sheaths. The blades taper
smoothly towards the apex except those of S. angusta
which are suddenly narrowed on each side at unequal
distances from the apex. 1In profile the blades are more-
or-less V-shaped, flanged V-shaped or, in S. angusta
flanged V-shaped distally and with additional lateral
wings to the flanges proximally. The mouth of the

sheath may be truncate, concave, convex or produced in a
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short tongue with or without a membranous margin.. In
the species in which the leaves are crowded towards the
base of the culm the sheaths may be split almost to the

base at maturity.

The inflorescence is fundamentally paniculate in all
sections of the genus. In members of sections‘
Schizolepis, Acriulus and Scleria the proximal internodes
of the main axis and of the proximal first and some
higher orders of lateral axes are long so that the
inflorescence appears to comprise a terminal panicle and
usually one or more lateral panicles, subtended (except

in S. poaeformis) by foliaceous bracts. In members of

section Hypoporum proximal internodes of the main axis
are usually short and internodes of all, or all but the
proximal primary axillary axes, are so short that these
inflorescences have been described as "simply glomerate-
spicate" or "branched glomerate spicate" respectively.
The glomerules (contracted panicle branches) are

subtended by more-or-less glumaceous bracts.

The ultimate unit of the inflorescence is the
spikelet which comprises an indeterminate axis, the
rhachilla and two to many glumes, the proximal 2-4 more-
or-less distichous and the remainder spirally arranged.
In the axils of the glumes unisexual flowers may be
borne. In all sections the lowermost 1-4 glumes are

empty. In section Hypoporum the spikelets are fully
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androgynaeceous with a single female flower towards the
base and male flowers distally, or some of the spikelets
may be male. In section Scleria the spikelets are usually
functionally unisexual. Functionally female spikelets
may be subandrogynaeceous with a single sub-basal female
flower and 1 - several inrolled empty glumes ("glumellas")
distally, or, less often, they may lack the distal male
rudiments. In sections Schizolepis and Acriulus the
spikelets are unisexual, the female spikelets lacking

any distal male vestiges. Rare exceptions may occur in

all sections of the genus.

Flowers are strictly unisexual. Male flowers consist
of 1-3 free stamens with linear filaments and bithecate,
apiculate anthers with longitudinal dehiscence which are
exserted from the glumes at anthesis. Female flowers
comprise a single tricarpellary, unilocular ovary with a
terminal style branched above into three filiform
stigmas and containing a single basal ovule. The ruit
is a stipitate achene, the pericarp of which is silicified
at maturity. In section Hypoporum the stipe is trigonous.
In sections Scleria, Schizolepis and Acriulus the stipe
is obpyramidal and is elaborated distally to form an
hypogynium the shape of which is characteristic for each
species. 1In sections Scleria and Acriulus the margin
of the hypogynium is smooth; in section Schizolepis it
is fimbriate and in section Ophryoscleria (no members of

which have been recorded from our area) it is ciliate.



Members of seclion Hypoporum are slender, annual or
perennial hygrophilous herbs of open habitats. The
aerial parts of the perennial species die back at the
end of each growing season. Members of section Scleria

are stout or very stout (§. ancformis) hygrophilous or

hydrophilous annual or perennial herbs of open or partly

sheltered frost-free (except S. transvaalensis) habitats.

The aerial parts of the perennial species do not (except

S. transvaalensis) die back each year. Scleria angusta

(section Schizolepis) is a stout hydrophilous perennial
inhabitant of swamp loresls whose aerial parts do not die

back annually. Scleria greigiifolia (section Acriulus)

is a stout hydrophilous perennial inhabitant of open
shallow lakes whose aerial parts do not usually die back

each year.

3.1, Vegetative Organs

3.1.1. Root s

The rooting system, except for the
primary embryonic foot, is adventitious.
In annual species the roots arise at the
basal nodes of the culms. In perennial
species rools develop at the nodes of the
perennating organ(s). Roots of smaller

species are slender while those of larger
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species are of proportionately larger
diameter. One species, the aquatic annual
S. lacustris, produces, in addition to
thick spongy anchoring roots, slender,
much branched floating roots from the
submerged nodes which, depending upon

water-depth, may be some distance above the

base of the culm.

Perennating Stems

Anatomical studies (see Chapter 4) have
demonstrated that there are two fundamentally
distinct types of subterranean perennating
stem.  The majority of perennial species
have rhizomes, a tew species have rhizomes
and soboles ("stolons" of Holm, 1929), and

one species has only soboles.

Rhizomes show a considerable range of
morphological, but little anatomical,
diversity. The morphology of the rhizome
is relatively constant within a species and
may provide key characters for use in
separating taxa which are otherwise

morphologically similar.
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The rhizome represents the primary axis
of the plant (Holm, 1929). Attempts to
germinate seeds of locally available species
were unsuccessful, therefore it is not
known with certainty whether growth is
monopodial or sympodial, but study of mature
plants suggested that growth is sympodial.
Successive aerial shoots are produced from
the rhizomes, one or several in each growing
season. All rhizomes bear sheathing scale
leaves at the nodes. With age these may
have disappeared or may be represented only
by the fibrous remains of vascular bundles.
Adventitious roots arise endogenously from
the nodes. Internodes vary in length in
different species with the result that some
species have elongate rhizomes, described
by Piérart (1953) as "rampant" whereas in
other species these are very compact. The
majority of rhizomes are more-or-less
horizontal, straight or somewhat flexuous
and often branched, but in two of the

Southern African species, S. veseyfitzgeraldii

and S. dieterlenii these are descending,

almost vertical and usually unbranched.

The rhizomes of some species are of

more-or-less uniform diameter throughout
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their length, whereas those of other

species are variously swollen at intervals.
Most rhizomes are hard, but the young
rhizome of S. woodii is softly tuberous with

swollen internodes and that of S. dieterlen;i‘

is very slender and descending with a soft,
swollen, tuberous tip. The older parts of
thesé organs "harden off" after sustaining
the first new aerial growth of the next
season. In addition to starch, which is the
main storage product in all species of
Scleria, there are volatile oils present
which are very strongly scented. A
description of the morphology of the

rhizome is included in the formal

description of each species in Chapter 0.

Soboles are subterraneaﬁ propagative
stems of adventitious origin. They
originate from the bases of culms. My
choice o1 the term "sobole" rather than
"stolon" requires explanmation. Holm (1929)
referred to the subterranean adventitious
stems as stolons, which he distinguished
from runners on the basis of their being
subterranean and runners being aerial. Holm
did not define soboles. Jackson (1960)

defined all three terms thus:-



72.

stolon - a sucker, runner, or any
basal branch which is

disposed to root

sobole - a shoot, especially from

the ground

runner - a stolon, an elongated
lateral shoot, rooting at
intervals, the intermediate
part apt to perish and thus

new individuals arise

His definitions failed to distinguish
subterranean from aerial axillary propagative
stems, equated runners and stolons, and he

failed to distinguish soboles adequately.

Stearn (1973) provided precise definitions
of the three terms and clearly distinguished

them thus :-

sobol - soboles the underground
creeping base of a stem,

synonymous with caulis basi

stoloniformis of some authors

runner - aboveground



stolon - a runner leafy its whole
length, and, "the term
soboles is used for an

underground runner"

Since the subterranean axillary
propagative stems which arise from the culm
bases of some species of Scleria precisely
meet the definition of soboles given by
Stearn, I have elected to use this term.
Furthermore, in order to entrench its use
I have applied the specific epithet
sobolifer to a previously undescribed

species (Franklin, 1983).

Among the Southern African
representatives of the genus, three species
are soboliferous. The possibility that
other local species may occasionally
produce soboles cannot be excluded.
Robinson (1966) stated that the soboles
(he did not use the term but recognised
the organs) of many species are easily
detached and therefore are rarely present
on pressed specimens in the herbarium. He
also pointed out (see also Chapter 4) that
if their presence is not suspected by a

collector they may not be dug from the soil.
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Two of the three soboliferous Southern
African species, 3. drégeana and S. aterrima,
do not perennate solely by soboles, but
also possess rhizomes with very short
internodes. Of the many herbarium sheets
examined, only one sheet of each species
had soboles present. Portions were detached
for anatomical study and the findings are
described in Chapter 4. The soboles of
both species were approximately 2 cm long
with overlapping sheathing scale leaves
at the nodes. Robinson (1966), who knew
S. aterrima in the field, stated that its
soboles which he referred to as '"many
slender rhizomes", "form new planls at a
distance of up to 10 cm from the parent
plant which dies at the end of its
flowering season. Only after the new plant

is established do they harden off..... n

The third soboliferous species is
5. sobolifer, which perennates solely by
means of soboles. 1Its soboles are very much
longer tharn those of S. drégeana and
S. aterrima, harder and, like the culms,
trigcnouws .. The distinctively wine-red
mottled internodes are long, greatly

exceeding the scale leaves which therefore
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do not overlap. Wiry adventitious roots

arise from the nodes.

Differences between rhizomes and

soboles are summarised thus:-

rhizome -~ primary axis of plant,
producing successive aerial
shoots, one or several in

each growing season

sobole - subterranean culm branch,

never arising directly from
a rhizome, but from the
bases of aerial shoots
(culms) developed from the
rhizome. In épecies such as
S. sobolifer no rhizome
exists; the soboles arise

trom the bases of culms.

Culms

The herbaceous, nodose, erect or semi-
scandent culms of all Southern African
species are trigenows.. The angles are
obtuse in most species but there is a
tendency for them to become more acute in

the distal part of the culm. In S. lagoensis
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one side of the triquetrous culm is
markedly concave and in several other
species one of the three sides is slightly
shorter than the other two. Immature culms
of all species are solid but mature culms
may have one or more central air cavities
(see Table IV, Chapter 4). Internodes are
wholly or partially enveloped by closed
leat-sheaths. In some species, such as

S. greigiifolia and 5. aterrima the proximal

internodes are very short so that the three-
ranked leaves are crowded towards the

base. In the majority of species proximal
and distal internodes arc not markedly
unequal so the leaves are more cvenly

spaced.

Assimilatory tissue is present in culms
and this is best developed in those parts
of the internodes that are not enveloped
by leaf sheaths. Towards the base of the
culm there is little or no chlorenchyma
and most species display reddish coloration

caused by flavonoid pigments.

The angles of the culms of most species
are smooth or scaberulous, but in S. lacustris

they are scabrid. Barbs and prickles
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are heavily silicified. Scleria is
unusual among Cyperaceae in that many
species are hairy. Twelve of the twenty-
three species recorded from our area may
have hirsute culms. Of these S. aterrima
is the most conspicunously hairy. The
hairs, which are unicellular, are derived
from epidermal cells. They are brittle,
easily rubbed off, and can cause skin

irritation because of silicification.

A culm hair is present in the transverse

section of the culm of S. dieterlenii

illustrated in Fig. 4l,5 Chapter 4.

Dimensions of culms vary. In the tall-
growing species of warm wet habitats the
culms may attain a height of more than
two metres, but even the tallest culms
rarely exceed 1 ¢m in width. The more
delicate grassland species have shorter,
much more slender culms which, if the
surrounding vegetation becomes unusually tall
during the growing season, may be incapable
of remaining upright and instead adopt a
semi-scandent habit, relying on the

neighbouring vegetation for support.
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Leaves

The three-ranked, sessile foliage
leaves have closed, sheathing bases and
more-or—-less linear-lanceolate laminas.
Unlike the grasses there is no clearly
defined collar at the junction of sheath
and lamina; nor does a ligule arise from
the adaxial surface of the leaf at this
junction. However, the mouth of the
sheath on the side opposite the lamina may
be produced into a short tongue-like
extension often with a membranous margin

(Fig. 3).

This extension has been.variously
referred to as a tongue, ligule,
pseudoligule (Chermezon, 1929), antiligule
(Senay, 1950) and contraligule (Kern, 1961).
Obviously the last three terms were coined
in order to distinguish this outgrowth from

the ligule of Poaceae.

Leaves of Scleria arise from culm nodes.
The spacing of leaves along the culm depends
upon the lengths of the internodes. The
majority of local species have subequal

internodes therefore the leaves are more-or-
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Fig. 3 - Scanning Electron Micrographs of leaves of Scleria spp.

at junction of sheath and lamina.

A, S. woodii C.B. Cl. (Acocks 21927), showing deeply concave mouth
sparsely fringed with hairs (X 14)

B, S. bulbifera Hochst. ex A. Rich. (Acocks 10758), showing slightly
concave mouth densely fringed with hairs and densely

hirsute sheath. (X 14)
C, S. welwitschii C.B. Cl. (du Plessis 880), showing convex mouth
with narrow membranous extension, the membrane glabrous,

the sheath densely hirsute (X 14)

D. S. rehmannii C.B. Cl. (de Winter and Marais 5049) showing narrow

triangular ligule with ill-defined membranous margin, the
sheath very sparsely hirsute. (X 14)

E. S. natalensis C.B. Cl. (Ward 4716), showing shallowly convex mouth
with broad, rounded membranous ligulate margin, the sheath

glabrous (X 8)

F. S. transvaalensis E.F. Franklin (Hemm 563), showing shallowly

convex mouth with triangular membranous ligulate margin,

the sheath glabrous (X 8)

G, H, S. angusta Nees ex Kunth (Strey 9905). G. showing broadly
triangular, densely hirsute ligule and region of lamina
above the leaf-sheath in which lateral winged extensions
develop, the vasculature of which originates from the major

marginal v.b. (x 8)

H. showing hirsute ligule and major marginal v.b. passing from sheath

into lamina (x 235)
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less evenly spaced, but in'S. poaeformis,"

'S. greigiifolia, S. veseyfitzgeraldii and

S. aterrima the proximal internodes are

very short so that the leaves are crowded

towards the base of the culm.

In all species the first-formed (oldest)
leaves have shorter blades than the later-
formed leaves. ‘Blades may not develop at
all in the basal leaves. -‘Such bladeless
sheaths occur in all species but they are
less apparent and usually less numerous
in those species which have the leaves

crowded towards the bases of the culms.

Ontogenetically, inflorescence bracts
are leaves. 'In the sub-genera Schizolepis,
Acriulus and Scleria (excluding S. poaeformis
as circumscribed by Clarke (1902) the
bracts are foliaceous; in subgenus
Hypoporum the bracts are reduced,
glumaceous structures which Nelmes (1955)

called bracteoles.

Leaf sheaths of Scleria are closed,
triquetrous, with obtuse, acute or in

S. lacustris, winged angles (Fig. 45, 6).
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The angles may be smooth, scaberulous or
scabrid and the sheaths may be glabrous or
variously hairy. When present, hairs are
most numerous below the mouth of the sheath,

or may even be restricted to this area.

Leaf blades are dorsiventral. 1Two
Southern African species have lamina
profiles which are V-shaped, S. woodii,
which has a narrowly V-shaped profile, and

S. pergracilis var. brachystachys which has

a broad, very nearly flat V-shaped profile
with the margins slightly recurved. All
other local species have flanged V-shaped
laminas. Metcalfe (1961) distinguished
flanged V-shaped and inversely W-shaped
profiles, but I prefer not to separate two
categories because they intergrade. The
flanged V-shaped lamina of one species,

S. angusta is modified, except in the distal
part of the blade, by the addition of lateral
extensions. These extensions stop short of
the leaf-apex, usually unequally. This type
of leaf has been called by Clarke, Nelmes
and others, '"praemorse" which, as Nelmes
(1956) pointed out, is not really an

appropriate term since it means "as though



Fig. 4. Unequally praemorse leaves of

Scleria angusta Nees ex Kunth




bitten off at the end". Since there

seems to be no better descriptive term
available for these distinctltive leaves, the
term "praemorse'" is used in this account

(see Fig. 4 ). 'The anatomical

peculiarities of Lhe lateral extensions, or
"wings" are described in Chapter 4. Scleria
angusta is Lhe only Soulhern Atrican species
which possesses praemorse leaves but such
leaves occur in other African, Madagascan

and American species of sub-genera Schizolepi
(Nees) Clarke and Ophryoscleria (Nees) Clarke
and in some Madagascan and American and one
Asian species of sub-genus Scleria (Berg.)

Endl. (Kern, 1961).

Pescriptions ol Scleria usually include
mention that the leaf-blades have three (or
in the praemorse species five) principal
nerves, and it has been stated that these
principle nerves arc pI%MHirH;nL)I]ﬂHH)ly)
"midnerve prominent beneath, 2 lateral
nerves prominent above" (Kern, 1961), and
"For practical purposes these outwardly
prominent veins are called costas"

(Koyama, 1907). 'ven a cursory glance at

the camera-lucida drawings of leaf profiles



in Fig. 43 (Chapter 4) is sufticient to
reveal that leaves of Scleria have more
than three principal nerves and that no
nerves are prominent, if one considers as
Stearn (1973) does, that the terms nerve

and vein are synonymous. It is however

true to say that the leaves of species of
Scleria which have V-shaped lamina profiles
have a median abaxial keel which may be
acute or obtuse, and that the leaves of
those species which have flanged V-shaped
lamina profiles have a median abaxial keel
and paired lateral adaxial ribs or ridges,
that is, three parallel ribs, one below and
two above. Praemorse leaves have five such
parallel ribs proximally and three distally.
The ribs may be antrorsely scabrid as may
the margins, which makes the leaves difficult
to handle with impunity because of these
cutting edges. In addition to these
silicified barbs, many species have silicific
unicellular epidermal hairs which are
usually most numerous on the ridges and
margins. The distribution of hirsute leaves
among Southern African species is enumerated

in Chapter 6.
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F'ig. 5. Diagrammatic representation of inflorescence

of" Scleria.
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KEY to lettering of Fig. 5

primary axis of inflorescence

primary axillary axis

second and subsequent orders of axillary axe:

node

internode

leaf

bract of primary axis

bract of primary axillary axis

bract of secondary axillary axis

prophyll of primary axillary axis
prophyils of successive subsequent orders
of lateral axes

terminal spikelet of inflorescence
terminal spikelelt of primary axiilary axis
terminal spikelets of successive subsequent

orders of lateral axes



Dimensions of laminas vary. Those of

S. poaeformis are the largest, reaching

widths of up to 4 cm and attaining a
thickness of 5 mm or more, whereas those of
the smaller species may be less than 2 mm
wide. Comparative dimensions of leaves

are shown in Fig. 43 (Chapter 4).

2. Flowering Organs

The Inflorescence

The inflorescence of Scleria is
paniculate. Difficulties arise in the
interpretation of inflorescences because the
panicles are contracted, sometimes so

markedly so that they appear spiciform.

The main indeterminate axis oif the
inflbr0scence (A, Fig. 5 ) is the distal
extension of the leaty, nodose culm. From
each node of the main axis in the axil of a
bract (b), an indeterminate branch (al)
arises. Successively higher orders of
branching are the rhaches (az), branches fro
the rhaches, rhachillas (spikelet axes) and
ultimately, floral axes, all of which arise

in the axils of bracts. Since the floral
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axes are grealtly reduced the rhachilla is,
for practical purposes, the ultimate branch

order of the intflorescence of Scleria.

Bracts are leaves which may retain
their leaf-like appearance or may be reduced
or modified. The terms bract, bracteole,
prophyll, glume and glumella are applied to
inflorescence leaves of Scleria. A bract
(sometimes if it is reduced and not leaf-
like (foliaceous) in appearance termed

(Nelmes, 1955) a bracteole), subtends a

culm-branch, rhachis, rhachis-branch and
tateral rhachilla and has a well-defined
midrib; a prophyll is the first-formed
(proximal) appendage of a branch (Blaser,
1944) and differs from other appendages in
that it has two (or 0) ribs or keels and a
truncate or bicuspidate apex; a glume
subtends a floral axis (or its aborted
primordium) and usually has a well-def ined
midrib; a glumella is a glume which is

membranous and lacks a midrib (Eiten, 1976) .

When analysing extremely contracted
inflorescences in which branching patterns

are difficult to detect because of the
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greatly reduced internodes, the

distinctive form of the prophyll is helpful
since it enables one to recognise the
beginnings of a new branch even when the
proximal, subprophyllar internode of that
branch is so greatly reduced that the
subtending bract and the prophyll appear
contiguous. A lateral sessile spikelet

has both subprophyllar and supraprophyllar
internodes greatly reduced so that the
bract, prophyll and proximal glumes are
closely adpressed. A spikelet which is
terminal on an axis which bears lateral
appendages (lcaves, branches, spikelels)

is separated from its subtending bract and
prophyll by the length of the axis, for
example the terminal spikelet of the
inflorescence is separated from its
subtending bract and prophyll by the length
of the culm. Likewise the terminal
spikelcet (51, Fig. 5 ) of a primary axillary
axis 1s separated from its subtending bract

and prophyll by the length of the axis.

Two-dimensional plan drawings of the

distal part of the inflorescences of eight
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Analytical diagrams of apical portions of

inflorescences of Scleria spp.

A, S. angusta (Ward 7911); B, S. greigiifolia

(P.G. Stewart 2()3); C, S. poaeformis (H(:nnessy

374); D, S. melanomphala (Strey 5721);




I, S. natalensis (Ward S.n. ) Fis S, Jacustris

(P.A. Smith 2796): G, S. woodii (Devenish 1093):

H, S. sobolifer (Strey 5711)
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Southern African species of Scleria,

S. angusta (section Schizolepis (Nees)

C.B.CL.), S. greigiifelia (section Acriulus

(Ridley) C.B.Cl.), S. poaeformis, S.

melanomphala, S. natalensis and S. lacustris

(section Scleria (Bergius) Endlicher) and
S. woodii and S. sobolifer (section
Hypoporum (Nees) Endlicher) are shown

in Fig. 6. ‘These drawings which make no
attempt to depict relative lengths of the
axes of the inflorescences, serve to
emphasise the fundamental similarity of
species representing different section

of the genus. ‘This fundamental similarity
is obscurcd in the living plants by
shortening of some, or all, of the axillary
axes which results in i) crowding of
sessile, subsessile or shortly pedicillate
spikelets in clusters or glomerules and

ii) reduction in the number of spikelet-
bearing branches in the lateral branch
system, especially in the distal part of the
inflorescence and the distal part of each

primary axillary axis.

The so-called glomerate-spicate
inflorescence which is characteristic of
most members of section Hypoporum is not

fundamentally different from the more laxly
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branched inflorescence of other sections.
Haines and Lyc (1972) were mistaken in

their statement. that "in section Hypoporum
the only bracls, as opposed to prophylls

and glumes, in the whole inflorescence are
those that subtend the glomcrules as a
whole™., Such a condition may occur in some
glomerules and possibly in all glomerules

of some species, but at least some glomerules
of most species retain second-order bracts

(Fig. 6 G,H).

The "interrupted" or "terminal and
lateral” inflorescence of secl.ions olLhoer
than Hypoporum are the results of development
of long proximal internodes by some of the
axillary axes. With the exception of

S. poaeformis, the bracts of species ol

these sections are foliaceous.

Spikelets

Spikelets comprise an axis bearing
glumes of which the proximal 1-4 are empty
and each ot the remainder may bear a single
unisexual {lower in its axil. “Towards the

proximal part of the axis the glumes are
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distichous but distally they are spirally
borne. Lower glumes all have a well-defined
midrib which may be excurrentl into an awn.
Upper glumes are more delicate structures
and usually lack a clearly defined midrib
(glumellas"™ of Eiten, 1976). Spikelets may

be: -

i. bisexual (androgynaeceous)

ii. wunisexual (male or female,

monoecious)
iii. sterile

iv. functionally unisexual (female)
with vestigial male rudiments

(subandrogynaeceous)

Historically the gender of the spikelets
has provided, in part, the basis for
separation of the sections, section
Hlypoporum (Nees) Endlicher having
androgynacccous spikelets in the
inflorescence and members of all other

sections supposedly lacking them.



Fig.
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Diagrammatic representation of spikelets ¢f
Scleria spp. A, androgynacccous spikelel of

5. dreégeana; B, subandrogynacceocus spikelet ob

5. melanomphalas ¢, subandrogynacceous spikelet,

:g S. poseformis | D, fFemale spikelet

of 5. angustag g, glumes; i, fitament of

sterile male tlower; p, prophyll.
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The androgynaeceous spikelet of section
Hypoporum has a single, basal female
flower and 1 - several upper male flowers
(Fig. 7 A). All spikelets in an
inflorescence may be androgynaeccous, lor
example S. motleyi C.B.CL. from Malaysia
(Kern, 1961) and S. poaeoides Ridl. from
Africa north of our area (Haines & Lye,
1972), or some spikelets may be
androgynaeceous and some male (lacking the
basal female flower), or there may be
androgynaeceous, male and sterile spikelets

in the same intflorescence.

The inflorescence of section Scleria
(Bergius) Endlicher has unisexual spikelets
and a few sterile spikelets. Functionally
female spikelets are of two types; those
which have a single basal female flower and
a vestigial male part consisting of one to
several empty glumellas (Fig. 7 B,C),
and those which have no male vestige. Those
with vestigial male parts are called
subandrogynous (Robinson, 1966; FEiten, 1976)
or subandrogynaeceous. Rarely (Fig. 7 B)
there may be staminodes present in

subandrogynaeceous spikelets.



The inflorescences of sections Acriulus
(Ridley) C.B. Cl, Schizolepis (Nees)
C.B. Cl. and Ophryoscleria (Nees) C.B.Cl.,
have unisexual spikelets and a few sterile
spikelets. The female spikelets lack male

rudiments (Fig.7 D).

Among Southern African species of
section ltypoporum, S. woodii comes closest
to having all its spikelets androgynaccecus,
there being only a few male and sterile
spikelets in each panicle (Fig.6 G).

Scleria lacustris (Fig. 6 F), which has

hitherto been included in section llypoporum,
differs from other members of the section
in that it has androgynaeceous,
subandrogynaeceous, male and sterile
spikelets. There are fewer bisexual Lhan

there are tfunctionally female spikelets.

Representatives of section Scleria in
our area have functionally unisexual
spikelets (and occasional sterile ones) of
which the female almost invariably retain
a few empty glumellas distally. In

S. poaeformis the majority of female

spikelets lack male rudiments, but I have

found several with them (Fig. 22 A).
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A1l specimens of S. greigiifolia

(section Acriulus) examined have unisexual
spikelets, the females without vestigial

male parts.

The only species of section Schizolepis
in our area, 5. angusta,usually has a
strictly unisexual spikelets, but one
specimen (Ward 7911, Fig. 6 A) was
exceplional in that it had a single, fully

androgynaeceous spikelet.

It is not inconceivable that occasional
biscxual and subandrogynaeceous spikelets
may occur in all species which usually have

unisexual spikelets.,

It has been suggested (Holttum, 104§)
that the spikelet of Scleria with dits
unisexual flowers may have been derived from
an ancestral type in which all the flowers
in the spikelet were hermaphrodite, through
a stage such as is seen in Cladium in which
the proximal flowers are hermaphrodite and
the distal ones male. Loss of the androecial
whorl from the proximal flowers would in turn

lead to the condition found in section
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Hypoporum and further loss of either male
or female flowers from the androgynaeceous
spikelet to the subandrogynaeceous and
unisexual types of spikelet found in other

sections.

The structure of androgynaeceous
spikelets has been interpreted in two ways.
One interpretation is that the spikelet is
a monopodial structure with a single,
indeterminate axis bearing lateral [lowers,
each subtended by a glume with the single
female flower situated proximally and the
several male flowers distally. Nees (1842),
Bentham (1883), Holttum (1948), Koyama (19061)
and Eiten (1976) subscribe to this viewpoint.
The other interpretation is that the
spikelet comprises two axis systems, a
sympodial axis which terminates in a female
flower with a second, higher order axis
system bearing male flowers arising laterally
from the first axis. Proponents of this
interpretation are Pax (1886), Core (1936),
Kern (1961), Schultze - Motel (1964) and

Koyama (1967, 1969).

Since the first appendage of a lateral

branch is a prophyll which is recognisable



101.

because of its position and its distinctive
form, then if the second interpretation

were correct, a prophyll would be present

in the adaxial position near the base of

the axis which bears male flowers. 1 have
found no evidence of a prophyll in such a
position in the androgynaeceous or
subandrogynaceous spikelets of any species.
Kern (1961) illustrates (Fig. 1; I,II)
prophylls in diagrams of spikelets of
"bisexual Scleria species'". It seems
apparent that the diagrams were constructed
to support an interpretation for which no
direct evidence could be found and arc
hypothetical. Similarly, Koyama (1969)
included a prophyll in illustrations

(Figs. 5, 6 and 27) which appear to be based
on an earlier drawing (Fig. 3 C, 1961) in
which no prophyll was shown. Koyama (1961,

p-. 50) stated:-—

"The staminate part, however,
has no prophyll at its base,
nor is tound any bract scale
from which the staminate part
arises. Moreover in Scleria
gracillima, which has more or
less distichously arranged
floral scales on the spikelets,
the keel of the lowest scale of
the staminate part faces the
pistillate flower under it,
and the second scale comes to
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the same direction as the
uppermost scale of the
pistillate part. Accordingly
Lthe staminate part is a
continuation of the pistillate
part and not a side branch.
Thus the pistillate flower

is truly axillary."

I believe thal the prophyll in the 1909

publication is a fabrication.

Since in the plants themselves no
prophyll is interposed between the proximal
female part of the spikelet and the distal
male part, there is direct evidence that the
spikelet is a monopodial structure.

Further evidence obtained from analysis of
branching paltterns of the whole
intflorescence also supports this

interpretation.

If the androgynaeceous spikelet is
interpreted as consisting of two axes, with
Lhe temale flower terminating the first
axis (thus sympodial) and the lateral
(second) axis bearing male flowers, then
in the species which have strictly unisexual
spikelets, lateral branches of the axis
which terminates in a female spikelet
might be expected to bear terminal male

spikelets. Only S. angusta, S. greigiifolia
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and S. poaeformis among Southern African

species have female spikelets which usually
lack male rudiments. None of their
inflorescences has such a branching pattern
(Fig. 6 A,B,C). Tf a lateral axis is
developed in these species from an axis
with a terminal female spikelet, it too

terminates in a female spikelet.

There is therefore no morphological
evidence to support the interpretation of
the androgynaeceous spikelel as a double
axis system with the female flower
terminalbling a sympodial axis [rom which the
second axis bearing male flowers arises

laterally.

IFrom examination of inflorescences of
Southern African species I have, independent.l
come to the same conclusion as Eiten (1976)
who worked with Brasilian species, that
the bisexual spikelel of Scleria is a

monopodial structure.

Flowers

Flowers of Scleria are invariably
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unisexual and lack a perianth. FPFach is
borne in the axil of a glume. The very
shortly pedicillate female flower of
Southern African species consists of a
superior, syncarpous, tricarpellary,
unilocular ovary with a terminal, deciduous
style with three elongate stigmatic
branches which are exserted from the glume
at maturity. The ovary contains a single
bitegmic, anatropous, crassinucellate

ovule in centrally basal placentation.

The pericarp is multilayered and at maturity
the cell walls become silicified (Franklin,
1979). The ovary is shortly stipitate and
the stipe or gynophore may be modified in
the distal region to form a structure
referred to as the disc or hypogynium,

which will be described later,

The sessile male flower consists of
1-3 stamens with linear filaments and
mucronate, basiiixed, bithecate,
tetrasporangiate anthers with longitudinal
dehiscence, which are exserted from the
glume at maturity. Pollen grains are
circular in equatorial view and triangular

in polar view.
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Diagrammatic representation of flowers

ol Scleria.

A, external morphology

flower:; B, extoernal
male lower; €, L/S

lacking hypogynium:

ol

female

morphology of

female Flower

D,

flower with hypogynium,

I./;S female
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Male and female flowers are illustrated

diagrammatically in Fig. 8.

3.2.4. Fruit

The polycarpic, unilocular, dry,
indehiscent, single-seeded fruit with its
pericarp free from the integumenl of the
seed and lacking a persistent style is

classified as an achene, or nutlet.

The morphology of the achene of Scleria
provides useful characters for the separation
of taxa. Among the characters used arec¢ tLhe
size, shape and colour of the achene itself;
the presence or absence of hypogynia; the
shape, texture and colour of the hypogynium
when present; the patterning, it any, of
the achene surface and the presence or
absence of hairs. While most of these
characters are rcasonably constant there
are some species in which surface patterning
of the achene is variable even on the same
plant. It is noteworthy that most of the
species in which variation in achene surface

patterning has bceen recorded are members of
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section Hypoporum (Nees) Endlicher.

3.2.4.1. Achene Surface Patterns

The terms used to describe
achene surface patterns require
explanation. Patterns may be
either raised (projecting) or
sunken (depressed). Projections
may take the form of tubercles
which are smooth rounded structures,

warts or verrucae which are

irregularly shaped low structures,
trabeculae which are bar-shaped
structures (Fig. 9), or a

reticulum or network of sharply

angled lines. An achene may have
only one type of projection or a
combination of types. For example,
where an achene has only tubercles

it is described as tuberculate,

whereas one which has both tubercles
< . 2
and Ll'uh(,}\ulae is described as

tuberculate-trabeculate.

Depressions if small and

shallow are called alveolae and if
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RATSED

tuberculate - with smooth, rounded
projections

verrucose - with irregularly-shaped,
low projections

trabeculate - with projecting bars

SUNKEN

alveolate - with small, shallow
depressions

lacunose -  with large, shallow
depressions

k’"\fh"’ — —_ \ﬁ_—)

Fig. 9. Diagrammatic representation of main types of
achene surtace patterning in surface view

and in profile.
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large and shallow, lacunae

(Fig. 9 ). 1If the arrangement or
disposition of surface projections
or depressions is regular,
additional qualifying adjectives
are used. For example an achene
which has {irabeculae arranged so as
to form an irregular network is

described as reticulate-trabeculate;

one with lacunae arranged in a

very regular pattern resembling
that made by rectangular paving
tiles is described as tesselate-
lacunose; one with tubercles
arranged in wavy bands is described

as undulate-tuberculate and one

with trabeculae arranged in the
same manner is described as

undulate-trabeculate. Similarly if

a delicate pattern is present in
conjunction with a more obvious
one, such as fine linear markings
in conjunction with a lacunose
pattern, the achene is described

as striate-lacunose.

In addition to the surface



patterns discernible with the

aid of a hand-lens or a
stereomicroscope, the occurrence
of other, much smaller surface
pattlerns has been revealed on
some achenes by scanning electron
microscopy (SEM). Most of these
fine patterns are caused by
differential deposition of silica

in epidcrmal cells of the pericarp.

When the achene of Scleria is
fully grown, silicon which is presen
in the plants in solution as a
silicic acid is deposited in the
cells of the pericarp as silica (Si
(Franklin, 1979, 1981).
Silicification of the achene
proceeds progressively from the
distal to the proximal end of the
fruit. In the epidermal layer
only the outler tangential walls of
certain large, scalttered or grouped
epidermal cells of some species
remain unsilicified or these may be
very slightly silicified. ‘Ine

radial and the inner tLangential
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Scanning lklecltron Micrographs of silicified achene
shells of Scleria spp. aller removal of organic

matter by maceration.

S. angusta (R.H. Taylor 120)

achene shell showing smooth outer surface of body
and "scar'" remaining where the non-silicified

hypogynium has been removed by maceration (X 26)

surface of "scar" showing silicified, proud-
standing radial walls of cells and incompletely

silicified, pitted inner tangential walls (X 450)

S. poaeformis (Ward s.n.)

achene shell showing smooth outer surtface of body
of achene and "scar" left by hypogynium (X 18)
half-shell, showing multilayered, wholly-

silicified pericarp and stipe (X 15)

S. aterrima (Robinson 5055)

shell of achene with trigonous stipe (X 30)

view of fracture near basc of stipe showing
inflated epidermal cells in surface view and

fractured cells of pericarp (X 250)

S. aterrima (Strey 7085), distal end of achene

shell showing siliceous papillae protruberant

from outer surface of pericarp (X 125)

S. transvaalensis (K.D, Gordon-Gray 6020), surface

of achene shell showing protruberant siliceous
papillae and a group of 3 inflated cells with Lheidr
thinly silicified ouler tangential walls partly
collapsed (X 450)
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walls of these cells are heavily
silicified. (Siliceous achene-
shells obtained by maceration are
illustrated in Figs. 10,54). South
African species which have been
found to possess enlarged epidermal
cells of the type described are

S. bulbifera (very rarely, Fig.

12 F); 8. dieterlenii and S.

pergracilis var. brachystachys

(rig. 14 ); S. melanomphala (rarely

some achenes of S. natalensis and

S. transvaalensis (Fig. 10 H);

S. achtenii (Fig. 20 C); sS.

unguiculata (Fig. 21F); and S.

lagoensis (Fig. 21 C). The last
three species have patently hirsute
achenes and the hair-shafts are
derived from the outer Langential
walls of enlarged epidermal cells.
Deposition of silica in and on the
inner tangential wall and radial
walls of these cells effectively
cuts off the supply of moisture

Lo them with the result that the
outer tangential wall tends to

collapse inwards forming a "pit"



4
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Fig. 11. Scanning lLlectron Micrographs of achenes of

Scleria spp.

A-C.

A.

S. bulbifera (Vesey-I'itzgerald 1447)

distal end of shortly-beaked, obovoid
achene showing very strongly trabeculate-
Lacunose surface and unicellular epidermal
hairs ol a Lype not seen in achenes of any

other species (ringed) (X 60)

two views ol proximal region of same
achene showirg trigonous stipce and series
ol ribs and valleys at junction of stipe

with bodv (X 600)

S. woodii (Bolus 1893)

subglobose, shortly-beaked achene with
trigonous stipe and very obscure and

ill-defined surface palterning (X 35)

distal part of same achene (X 100)

proximal part of same achene (X §55)



ito
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12. Scanning LElectron Micrographs of achenes cf

Scleria bulbifera.

A-C. from K.D. Huntley 567

A. subglobose, shortly beaked achene showing
lightly tuberculate-trabeculate surface and

shrivelled, immature, trigonous stipe (X 30)

B. distal end of same achene showing sparse

tubercles (X 60)

C. proximal end of same achene (X 60)

D~F. from Acocks 10758

D. subglobose, shortly-beaked achene showing
tuberculate-trabeculate surface and

trigonous stipe (X 30)

E. distal end of same achene showing tubercles

crowned with intlated epidermal cells (X 100)

I'. proximal end of same achene, the trigonous
stipe slightly shrunken, showing one
tubercle with outer tangential walls of
inflated epidermal cells collapsed forming
"pits" and few, short unicellular hairs

distally (X 50)
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119.

Scanning Electron Micrographs of achenes

of Scleria veseyfitzgeraldii.

one achene, D-F. another achene, both

achenes from isotype, Robinson 4220

two strongly trigonous, shortly

beaked achenes showing reticulate -
trabeculate surface, and trigonous
stipe with a series of ribs and
valleys at junction of stipe and

body, and in D, protruberant siliceous
papillae which are absent from A

(both X 30)

proximal part of same two achenes

(both X 60)

surfaces of the two achenes, one
without papiliae (C) and one with
them (F) (both X 220)
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Fig. 14. Scanning Flectron Micrographs of achenes

A-C. S. dieterlenii (isotype, Dieterlen 749)

A. subglobose, very shortly beaked
achene with trigonous stipe, showing
surface pattern of flat tubercles
or warts and short transverse bars
(verrucose - trabeculate surface),
their crests strongly patterned by
the proud-standing silicified radial
walls of inflated epidermal cells
whose outer, thin, tangential walls

have collapsed (X 30)

B. proximal part of same achene (X 50)

C. distal part of same achene (X 100)

D-F. 5. pergracilis var. brachystachys
(Pentz & Acocks 10277)

D. immature, damaged, subglobose,
strongly-beaked, ?uberculate - trabeculate
achene showing the same type of
pattern on the crests of the tubercles
and trabeculae as that seen in

S. dieterlenii (X 35)

E. proximal part of same achene (X 55)

F. distal part of same achene (X 55)
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Fig. 15. Scapnning LElectron Micrographs of achenes

of Scleria spp.

A-C. S. drigeana (Galpin 9104), a gathering
of tall plants with inflorescenes
simply glomerate-spicate or with 1 - 2
shorl basal branches and dark glumes

made at an altitude of c¢. 1700 m.

A. subglobose, shortly-beaked achene
showing numerous distal tubercles,
num-erous median and proximal trabeculae
(horizontal bars) and trigonous

stipe (X 40)
B. distal part of same achene (X 100)

C. surface of same achicne (X 200)

D-F. S. sobolifer (Strey 5711)

D. subglobose, shortly-beaked achenc
showing Luberculate - trabeculate
surface, trigonouvs stipe and series
of ribs and valleys at junction of

stipe and body (X 34)

E. proximal part of same achene (X 55)

F. surface ol same achene showing the
distinctive pattern found on the crests
of the tubercles and trabeculae of all

achenes of this species (X 400)
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Fig. 16. Scanning Electron Micrographs of achenes

of Scleria drégeana.

A-B. from Lubke 181, a gathering of tall
plants with simply glomerate-spicate
inflorescences and dark glumes made

at an altitude of c. 1500 m.

A. subglobose, shortly-beaked achene
with smooth surface and trigonous

stipe (X 40)

B. distal part of same achene (X 07,5)

C-D. from Doidge & Bottomley s.n., a

gathering of tall plants with
inflorescences simply glomerate-~
spicate or with 1 - 2 short basal
branches and dark glumes made at an

altitude of c¢. 1500 m

C. subglobose, shortly-beaked achene
with sparse small, distal tubercles

on otherwise smooth surface (X 40)

D. distal part of same achene (X 57)

E-F. from Drége 4381 (Type of S. holcoides),
a gathering of tall plants with
sparingly branched glomerate-spicate
inflorescences and pale glumes made

at an altitude below 150 m

m

subglobose, shortly-beaked achene
with well-developed distal tubercles

on otherwise smooth surface (X 40)

F. distal part of same achene (X 57)
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Fig. 17. Scanning Eleclron Micrographs of achenes

of Scleria spp.

A-C. S. aterrima (Strey 7085)

A. shortly bcaked achene with subglobose
body and tLrigonous stipe, the
surface smooth excepl for protruberant
siliceous papillae around the apical
beak and somewhat inflated epidermal

cells towards the base of the stipe (X 30)
B. stipe and base of achene (X 07,5)
€C. distal region showing protruberant

siliceous papillae (X 125)

D-F. S. nutans (Vesey-Fitzgerald 2301)

D. very shortly beaked achene with globose
body and trigonous st ipe, the surface
smooth except for protruberant
siliceous papillae towards the base

of the stipe (X 30)
E. stipe and base of achene (X 07,5)

F. distal region of achene showing smooth

surface (X 07,5)
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Fig. 13. Scanning Electron Micrographs of achenes

of Scleria spp.

S. welwitschii (Acocks 22171)

ovoid, very shortly beaked, smooth
achene with short trigonous stipe

(X 38)
distal part of same achene (X 58)

proximal part ot same achene (X 58)

S. rehmannii (de Winter & Marais 5049)

very badly damaged ovoid achene
showing smooth surface, short beak
with remains of style base still
attached and multilayered construction

of pericarp (X 33)

S. longispiculata (Story 6464)

distal part of damaged, ovoid,
shortly-beaked achene showing smooth
surface and multilayered construction

of pericavp (X 27)

proximal part of same achene showing

Lrigonous stipe (X 27)
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Fig. 19. Scanning Electron Micrographs of achenes

of Scleria spp.

Note

S. natalensis (Ward 4716)

obtusely trigonous, shortly beaked
achene showing tuberculate - lacunose
surface, well-developed hypogynium
with rounded lobes and obpyramidal

stipe (X 20)

proximal part of achene showing

hypogynium and stipe (X 35)

distal part of trigonous achene
showing distribution of "pits"
which result from collapse of non-
silicified outer tangential walls
of scattered, inflated epidermal

cells (X 30)

S. transvaalcnsis (Seagriet 18)

barrel-shaped, shortly beaked achene
showing tessclate-lacunose surface,
well-developed hypogynium with
rounded lobes, the stipe obscured

by partly collapsed hypogynium (X 20)

proximal part of achene showing

hypogynium (X 25)

surface showing tesselate-lacunose
surface with protruberant siliceocus

papillae (X 62,5)

in both species the mature stipe is

obpyramidal.
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Fig. 20. Scanning Electron Micrographs of achenes

of Scleria spp.

A-C. S. achtenii (Ward 9146)

A. subglobose, very shortly beaked
achene showing lightly and obscurely
lacunose, sparsely hirsute surface
and well-developed hypogynium with
ligulate lobe (Lip broken off), the
hypogynium partly collapsed
obscuring the stipe (X 20)

B. apex of achenc (X 33)

C. achene surface showing very numerous,
protuberant siliceous papillae; non-
silicified hairs, Lheir collapsed
bases forming "pits" and among them
a few cells with non-silicified outer
tangential walls which have not been
produced as hairs (X 400). It is
noteworthy that inflated epidermal cells
with non-silicified outer tangential
walls not produced as hairs have been
observed in the distal region of some,

but not all, achenes of S. natalensis

and S. transvaalensis.

D-F. 3. foliosa (Schweickerdt 2189)

D. oveid achene, not tully mature so somewhal
compressed towards the base which
hardens later than the apex, showing
becakless, cmooth distal region and strongly
alveolate-lacunose median and proximal
regions, hypogynium and stipe (X 27)
distal part of achene (X27)

F. proximal part of achene showing three
rounded lobes of hypogynium and shrivelled

stipe (X =)
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Fig. 21. Scanning EbBlectron Micrographs of achenes

of Scleria spp.

A-C.

S. lagoensis (Compton 2944) (damaged)

ovoid, very slightly beaked achene
showing smooth surface which is
gl'abrous distally and sparingly
hirsute proximally (X 18)

distal end of achene (X 26)

proximal, damaged end of achene
showing collapsed hypogynium with

narrowly lanceolate lobes (1,2) (X 20)

S. unguiculata (P.A. Smith 1980)

proximal part of ovoid, densely
hirsute achene showing unguiculate
Lobe of hypogynium and obpyramidal

stipe (X 238)

distal part of achene, the point of
attachment of the sltyle completely
obscured by the hairy indumentum (X 30)

surface showing non-silicified hairs
and collapsed hair bases forming "pits",
the surlace between the "pitls" smooth,

without protuberant papiltae (X 400)

. Note: in both species the mature stipe

is obpyramidal.
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Fig. 22. Scanning Electron Micrographs of achenes

of Scleria spp-.

A-C. S. poaeformis (Ward 4024)

A. female spikelet wilh achene in situ

and empty glumes (eg) representing
the sterile remains of the male part
oi’ the ancentral androgynaeceous

spikelet (X 12)

B. subglobose achene showing smooth
surface, narrow hypogynium and

obpyramidal stipe (X 17)

C. base of achene showing stipe and
hypogynium with very short triangular

lobes (X 27)

D-1'. S. lacusiris (Robinson 4700)

D. ovoid achene showing smooth surface,
narrow hypogynium and obpyramidal

stipe (X 20)

E. apex of achene with fungal contaminant

(X 58)

F. base of achene showing stipe and hypogynium

with very poorly developed lobe (X 35)
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Fig. 23. Scanning Electron Micrographs of achenes

of Scleria spp.

A-C. S. greigiifolia (W. Siame Z 09)

A. strongly-beaked ovoid-globose achene
showing smooth surface, zoniform
hypogynium and shrivelled (not fully
mature) stipe (X 15)

B. surface showing faint outlines of radial

walls of silicified epidermal cells (X 125)

C. proximal part of achene (X 30)

D. 5. melanomphala (F. Bayer s.n.)

D. ovoid, beakless achene showing smooth
surface, zoniform hypogynium, stipe
and the unusual [eature of a persistent
style base, which is not normal for

the section Scleria (X 15)

E-F. S. melanomphala (Ward 3648)

E. ovoid, beakless achene with immature,
crumpled hypogynium : no slyle base

present in this specimen (X 15)

F. proximal part of same immaturc achene
with crumpled zoniform hypogynium and
shrivelled stipe and a group of three

unsilicified epidermal hairs (X 30)

Note : in botlh species the mature stipe

is obpyramidal.
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Fig. 24. Scanning Electron Micrographs of achenes

of Scleria spp.

A-C.

S. angusta (Strey 11306)

ovoid-globose achene showing smooth
surface, hypogynium with fimbriate

margin and obpyramidal stipe (X 20)

proximal part of same, not fully
mature achene, the lobes of the

hypogynium not clearly defined (X 26)

surface of marginal fimbriae showing

non-silicified papillae (X 400)

S. angusta (R.H. Taylor 120)

proximal part of a fully mature
achene showing three short rounded
lobes of hypogynium with their
fimbriate margins and the obpyramidal

stipe (X 28)

S. racemosa (Bock s.n.)

part of achene showing cupuliform,
marginally ciliate hypogynium which

exceeds the achene in width (X 15)

ciliate margin of hypogynium (X 125)
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as the cell desiccates. If the
outer tangential wall has been
produced as a hair-shaft, that also
collapses. The result oi this
process is illustrated at high
magnification in Figs. 20 C and

21 F.

The position on the achene

. surface occupied by the enlarged
epidermal cells is characteristic
for each of the species which
possesses them. In the species of
section Scleria which have patently

hirsule achenes, S. achtenii with

reticulate-lacunose achenes and

S. unguiculata with striate-lacunose

achenes have these cells (and
therefore the hairs) on the crests
of Lhe interlacunar ridges. 1In 3.
lagoensis which has smoolh or very
faintly striate-lacunose achenes
these cells together with their
hairs occur only in isolated linces
and patches on the proximal two-
thirds of the achene-surface. The

achenes of S. melanomphala are
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smooth and usually glabrous, but
some achenes (Fig. 23 F) have a
few, or rarely, many hairs at the
proximal end of the body ot the
achene which may be obscured by the
upper margin of the zonitorm
hypogynium. The glabrous, strongly-

patterned achenes of S. natalensis

and 5. transvaalensis may have

some inflated epidermal cells and
these occur only towards the distal
end ol Lhe achene where they crown
some ot tLhe tubercles or intcr-

Lacunar ridges.

Among members of section

Hypoporum, S. dieterlenii and S.

pergracilis var. brachystachys

have inflated cells on the crests

of the protuberances from the achene
surface and they are so well-develog
that they account for the verrucose
surface which is discernible without
SEM. 1In S. sobolifer they also
crown superficial projections but

are more subtle and are not

discernible without SIEM. 0f the
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achenes of S. bulbifera examined,

- { - . I
only once, from Acocks 10753 {Fig. 12
shows inflated cells and a few

' on Lhe crests of some

"pits'
tubercles, but both this achene

and one from Vesey-Fitzgerald 1447

(Fig. 11 A) possess a few tiny,
pointed, apparently unicellular
hairs with inflated bases in the
distal region which are only
discernible with SEM. 1t would
seem that all species with
scattered, enlarged epidermal
cells with uun-siiicii'i.ud ouber
tangential walls may have the
potential to be hirsute but that
this potential has only been
realised in some species of

section Scleria (Berg.) Endl.

Another type ol surtface
patltern discernible on some achenes
with SEM is that created by the
aggregation ol silica in nodules
which project from the epiderwis
as papillae. This type of pattern
has been observed on some achenes

of S. _;__l_t_(_‘._l'_l__‘im_a (Fig- 17 C), some
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achenes of 5. veseyfitzgeraldii

(Fig. 13 ) and all achenes thus
far examined of 5. achtenii, S.

natalensis and S. transvaalensis

(Figs. 19,20).

The Southern African species
which show the greatest range of
variation in achene surface
patterning discernible without

SEM are S. drégeana and S. bulbifera

and a lesser degree of variation

is found in S. woodii. Slight
variation, From smoolh Lo lightly
and obscurecly tuberculate, may also
occur in S. nutans and S. rehmannii.
At higher resolutions aftorded

by SEM variations are discernible
in Lhe achene surface patterns of

S. aterrima and S. veseyfitzgeraldii

which may or may not possess
protrubcrant siliceous papillae.
All other Southern African species
have reasonably constant achene

surface patterning.
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The Hypogynium

The presence or absence of
a hypogynium or disc is a key
character which has been used
to aid in separation of the
sections of the genus. Members
of section Hypoporum lack a
hypogynium whereas members of
other sections have one. The
hypogynium is three-lobed with
the margins of the lobes entire
in section Scleria (Figs. 19-23)
ffimbriate in section Schizolepis
(Fig. 24 B) and ciliate in

section Ophryoscleria (Fig. 24 E).

It has been suggested
(Johnson, 1931) reported by
Core, 1936) that the hypogynium
may represent a greatly
modified perianth. I am of the
opinion that it is a derivative
of the stipe of the achene
and thus a new modification
rather than the vestige of a
disappearing perianth. Nelmes (19

considered section Hypoporum to be
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more advanced than the other
scctions of the genus, arguing

that in lypoporum the hypogynium

has become reduced and vestigiate.
Robinson (1962) presented a cogent
counterargument and my own
obscrvations support those of
Robinson. Morphological features
which suggeslt that section
Hypoporum is less advanced than
other sections of the genus include,
1) the possession by members of
seclion Hypoporum of androgynaeceous
spikelets whereas members of other
sections have uniscxual spikelets
of which the functionally female
spikelet is often subandrogynaeceous
possessing sterile male rudiments,

a condition which suggests
reduction; 2) +the least-modified
panicles are to be found in some
species of section Hypoporum, e.g.

S. motleyi, 5. poaeoides, 5. woodii;

5

3) most members of seclion
Hypoporum produce a simultlaneous
inflorescence wherecas members of

other seclions produce staged
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inflorescences, which is a more
advanced state; 4) inconstancy
of achene surface-patterning is
more common in species of section
Hypoporum than in species of any
other section and such inconstancy
suggests a greater degree of
flexibility in the genetic code or
in other words, a lower level of

specialisation.

If, as the evidence suggests,
section Hypoporum is more primitive
than other seclions, the lack of an
hypogynium in its members is
unlikely to be the result of
reduction, but rather provides
evidence of failure of this structur

to develop.

Robinson (1962) expressed the
view that the hypogynium in members
of section Scleria serves the
function of attaching the immature
achene securely to the concave
"receptacle" (which I consider to

be a short pedicel). Expansion,
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drying out and hardening of the
hypogynium take place in these
species only when the achene is
mature and it is at this stage that
abscission occurs. Prior to this
the achene is firmly held and very
difficult to detach trom its
pedicel. He pointed out that the
inflorescence of most members of
section Hypoporum is erect therefore
the achenes are held in situ by the
enveloping glumes even after they
are fully mature and ready to fall,
and attributed to the hypogynium
the important role ol keeping the
achene securely attached to the
plant until it has achieved maturity
He did not mention the achenes of
section Schizolepis which is
represented on the African mainland
only by S. angusta, or those of S.

greigiilolia the only member ol sect

Acriulus, but if his explanation of
the role of the hypogynium in sectio
Scleria were correct, it would fit
the achenes of S. angusta and S.

greigiifolia equally well.
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Robinson considered that the
role of the hypogynium in members
of section Ophryoscleria (which has
not been recorded from our area)
has been expanded to fulfil the
role of a buoy in addition to
serving as a secure means of
attachment for the immature achene.
Whereas mature achenes of 3.

angusta and 8. greigiifolia (my

own observations) and of species of
section Scleria (his observation,
confirmed by me), do not float in
water those members of section
Ophryoscleria do, with the very
well-developed corky, cupuliform
hypogynium (Fig. 24 E, F ) remaining
uppermost. Using achenes obtained
from a gathering of S. racemosa
Poir. made in Mozambique (Ward
79012) I have confirmed that the
hypogynium of this species does
indeed buoy the fruit in water.
Robinson considered that the
development of the hypogynium as a
Flotation device in Ophryoscleria

is associated with the aquatic
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habitats occupied by plants of
this section. 1In such habitats
buoyant. fruit are advantageous
because buoyancy permits wider
dispersal than could occur if
achenes sank to the bottom. It is
noteworthy that the stipe of
achenes which lack hypogynia is
trigonous and is from 1/3 - 1/7
the total length of the achene,
whereas that of achenes which
possess hypogynia is obpyramidal
and is in comparison with the
trigonous stipes far shorter in
proportion to the achene as a
whole. It would appear that
elaboracion of the distal part of
the stipe to form an hypogynium
has resulted in shortening of the
st.ipe, somelimes almost to the
point of obsolescence. Mature
achenes (which are very rarely
present on herbarium sheets) of
species with well-developed
hypogynia are very nearly sessile.
It has been observed that the free

part of the hypogynium is not



silicified even at maturity

(Fig. 10 ) whereas the body and
stipe of the achene are.
Silicification is progressive,
procceding from the distal end
downwards so that the stipe is the
last part of the achene to become
silicified. It is only when the
stipe silicifies that the
connexion with the pedicel is
broken and the achene is shed.
This is as true for achenes without
hypogynia as it is for those with

them.

T am thereifore nol convinced U(he
Robinson's interpretation of the
role ol the hypogynium as a means
to provide secure atlachment is
correct. Immature achenes of specic
which lack hypogynia are as difiicul
to detach trom Lheir pedicels as ar
those which possess them. The [act
that they remain in situ longer thai
do those of hypogyniale species
is simply the consequence of their
being held upright in an erect

inflorescence.
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What, if any, is the function
of the hypogynium in sections
other than Ophryoscleria remains
obscure. That selection pressure
has operated in favour of those
individuals with buoyant hypogynia
to permit the development of
the group of aquatic sepcies
which constitute section
Ophryoscleria seems to be a
logical assumption. Whether,
in time, the hypogynia of
achenes of hydrophilous species
other than those of section
Ophryoscleria will become
elaborated as flotation devices

is a matter for speculation.
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Achene shape and colour

All Scleria achenes are
fundamentally trigonous, but the
body of the mature achene of most
species is often very obscurely
so. Of the species recorded from
Southern Africa only one, S.

veseyfitzgeraldii has an achene the

body of which is very strongly
trigonous at maturity. The shape
of the body of the achene of each
species is recorded in the
description of the species in
Chapter 6 and all are illustrated
(Figs. 11-24). The measurements
given in Lhe desceriptions are
overall length, measured with
callipers from the base of the
stipe Lo the base of the style
and width measured at the broadest

part of the body of the achene.

Although the body of the achene
1is usually only very obscurely
trigonous, Lhe stipe, and the
hypogynium are usually clearly

trigonous. When fully mature the
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trilateral symmetry of the

hypogynium of S. greigiitolia and

S. melanomphala becomes obscured

as these structures assume a

zoniform shape.

None of the species represented
in our arca has a persistent style,
but the distal part of the body of
the V'ruit may be produced as a
plinth to which the style-base 1is
attached. This plinth may persist
as Lhe beak on the achene. The
only local species which has a
strongly bcecaked achene is 5.

srejgiifolia, all others are
> 2

beakless or almost so.

1t 1is commonly believed that
the achenes of most species of
scleria are white, because the
achenes which remain attached Lo
dry herbarium specimens are usually
whilte. As has already been staled,
fully mature achenes do not remain
attached to their pedicels, therefor

il is only rarely that mature
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achenes, even of species with
erect inflorescences, will remain
in situ through the handling
process involved in preparing
herbarium specimens. Young achenes
arc green. When dried, such
achenes turn white. These
prematurely dried white achenes
in which the silicification
process is nol complete, usually
remain attached to the herbarium
specimens, thereby creating the
false impression that the achenes

of Scleria are white.

Sometimes white achenes may be
found on fresh specimens. If
opened they will prove to be empty
shells. A white achene is therefore
either a prematurely dried green
one which has changed colour in

drying or one with an aborted

embryo.

Fully mature achenes if they can
be found will invariably, as

Robinson (1962) pointed out, be
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coloured. 1In some species the
colour is strong and striking;

in most it is dull, usually pale
brown or grey and often with darker
longitudinal zones in the three
interangular regions. The local
species with strikingly coloured
achenes are 5. angusta whose
achenes change colour from green
through mauve and violet to deep
purple as they mature, S. greigiifol
whose achenes change from green
through beige to pinkish brown,
sometimes developing violet

blotches, S. melanomphala whose

mature achenes are grey or brown
o

withAdeep purple (almost black)

area apically from which the

species gets ils name and S.

longispiculata, the body of whose

achene is brown and the stipe

black.

Patterned achenes when mature
usually have the crests or the
surface projections eicher paler

or darker than the intervening
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surface areas, or they may be
differently coloured. For example,

the mature achene of S. dieterlenii

is grey and the crests of the
projections are bright reddish-gold,

while that of S. unguiculata is

grey or light brown and the hairs

are golden or white.

Hypogynia may also change
colour as they mature. White, brown
golden and reddish hypogynia occur

among local species (Table T1).



HYPOGYNTA.

achene : margin ciliate

TABLE: ITI. SUMMARY OF ACHENE-CHARACTERS OF SOUTHERN AFRICAN SPECIES OF SCLERIA WHICH POSSESS
HYPOGYNIUM ACHENE
—- SPECTES SECTION
FORM COLOUR | SMOOTH | PATTERNED| GLABROUS | HATRY | COLOUR
' Very narrow with three short, brown X X grey to brown lacustris scleria
obtusely triangular lobes : hite/
margin entire T X X brown poaeformis Scleria
brown
+ Zoniform without lobes brown X X brown/violet greigiifolia Acriulus
margin entire "
brown X X X grey/black melanomphala Scleria
With three rounded lobes : yellow X X grey foliosa Scleria
margin entire .
vellow X X brown natalensis Scleria
yellow X X brown transvaalensis | Scleria
With three acutely crean X X X grey to brown lagoensis Scleria
triangular (sometimes
divided) lobes : margin brown X X grey to brown unguiculata Scleria
entire
white X X grey to brown achtenii Scleria
With three obtuse lobes brown X X violet to purple angusta Schizolepis
margin fimbriate
x "
Cupuliform, broader than brown X X brown racemosa Ophryoscleria

*NOT REPRESENTED IN ARFA OF FLORA OF SOUTHERN AFRICA
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Summary and Discussion

As a result of observations of morphology of
Southern African species of Scleria it has become
evident that, while the fundamental branching
pattern of the inflorescence of all species
examined is the same, this underlying uniformity
is obscured by differences in degree of contraction
or elongation of subordinate branch orders in the

panicle in different groups of taxa.

Two types ot inflorescence occur, namely, one
with the internodes of intlorescence branches of
primary and higher orders extremely contracted,
resulting in the type of inilorescence referred
to as "glomerate-spicalte”, which has glumiform
bracts (Group A), and the other with the proximal
internodes of lateral intlorescence branches,
particularly those arising from the lowermost
nodes of the inflorescence greally elongated,
resulting in the type of inflorescence, described
either as "interrupted-paniculate" or, as having
"terminal and lateral panicles", which has folia-

ceous bracts (Group B).

The ultimate branch orders of inflorescences
are (excluding floral axes) the rhachillas of the
spikelets. Spikelet structure is fundamentally

unilorm in all Southern African representatives of



161.

the genus, all spikelets comprising a monopodial
(indeterminate) axis bearing spirally arranged
glumes in the axils of which solitary, unisexual
flowers may be borne. The basic pattern of

spikelet morphology may be modified by abortion

of flowers so Lhat among extant taxa spikelets

occur which are androgynaeceous, subandrogynaeceous,

female, male and occasionally, sterile.

It is suggested that the sequence of reduction
in the spikelets ot Scleria has been from taxa
having all spiketets in an inflorescence
androgynaeceous —> taxa with spikelets andro-
gynaeceous and male —— taxa with spikelets
androgynaeceous (few), subandrogynaeccous and
malc —> taxa with spikelets subandrogynaeceous
and male — taxa with spikelets subandrogynaeceous
(few), female and male —> taxa with spikelets
female and male. Separation of the sexes in. the
spikelets seems to be a trend which reaches its
highest level of expression in taxa with
interrupted-paniculate inflorescences, unisexual
female spikelets being unknown in the group with

glomerate-spicate inflorescences.

On the basis of spikelet form, two groups
of taxa are distinguishable, namely, a group

which has androgyvnaeceous spikelets and male
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spikelets in the same inflorescence (Group A),
and one which has subandrogynaeceous, female and
male spikelets in the same inflorescence, or has
female and male spikelets, or, rarely, has
androgynaeceous, subandrogynaeceous and male

spikelets (Group B).

Two types of achene are distinguishable,
namely, a type which has a trigonous stipe which
is not elaborated distally to form an hypogynium
(Group A), and a type which has an obvyramidal
stipe which is elaborated distally to form an

hypogynium (Group B).

Two types of plants are distinguishable,
namely, slender, more-or-less hygrophilous,
narrow-leaved herbs of open, often temperate,
seasonally dry grassland habitats, which are
either annuals, or perennials with annual aerial
parts (Group A), and stout or very stout
hygrophilous or hydrophilous, usually wide-
leaved herbs of tropical and subtropical stream-
bank, forest or lacustrine habitats, most of

which are evergreen perennials (Group B).
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Morphological evidence indicates clearly
that in Scleria two distinct groups have evolved
in response to different factors. One group
comprises slender plants with glomerate-spicate
inflorescences, androgynaeceous and male spikelets,
and achenes with trigonous stipes which lack
hypogynia (Group A). The other comprises
relatively stout plants with interrupted-
paniculate inflorescences, sometimes with some
androgynaeceous spikelets but more often with
spikelets female and male, the functionally
female spikelets with male rudiments present (sub-
‘androgynaeceous), or without such vestigial
male parts, and achenes with obpyramidal

stipes and hypogynia (Group B).

Elaboration of the distal part of the
achene stipe to form an hypogynium is a
modification which occurs only in taxa with
interrupted-paniculate inflorescences, and
reaches the highest levels of development
in certain groups of shade-dwelling
hydrophilous plants which have strictly
unisexual spikelets. Evidence exists that
in one of these groups the hypogynium
functions as a flotation device which may
assist 1in dissemination of the fruit. Such

hypogynia exceed the achene in width, are
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cupuliform and are ciliate on the margin. “The
group which possesses these morphologically
distinctive hypogynia which serve a biologically
important function not attained in any other
group, may have reached the most specialised
lLevel of development in the interrupted-paniculate
line. Another specialised feature of this

group of plants is the development of
pseudodorsiventral lateral extensions which
greatly increase the width of the lamina. It

is suggested that this type of leaf, referred

to as praemorse, may, because of its increased
surface-area and volume, increase the
photosynthetic capacity of plants which occupy

shady habitats.

Another group which has unisexual spikelets
has morphologically distinctive, elaborate
hypogynia with fimbriate margins. ‘It has been
demonstrated that the hypogynium in this group
does not function as a flotation device,
therefore does not assist in fruit dissemination
in water. This group is probably less specialised
than the group with buoyant hypogynia, although

its members also have praemorse leaves.

The hypogynia of all other members of the

interrupted-paniculate line have an entire
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margin and do not function as flotation devices.
Many of these taxa have functionally female
spikelets with distal male rudiments present,
and a few may have some androgynaeceous spiéiets
in the inflorescence. -Some have strictly
unisexual female spikelets. ‘While the majority
of taxa which have hypogynia with entire margins
do not have praemorse leaves, a few species

(none Southern African) are reported to have

developed this type of lamina.

It is suggested that, in Scleria,
evolution of two different types of plants, two
different types of inflorescence and two
different types of achene has occurred in response

to differences in habitat.

Annual plants and plants with annual aerial
parts and protected subterranean perennating
organs have been able to exploit temperate
habitats in open, seasonally dry areas. Such
plants, whose aerial parts complete their
growth and sexual reproductive cycles in less
than a year, are slender, with narrow laminas.
These plants have glomerate-spicate
inflorescences which are often held stiffly
erect. The achenes are held in an upright

position by the clasping glumes and are mostly
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shed when, during winter, the aerial parts of
the plant die back to ground level. ‘It is
suggested that, since germination is likely

to occur more-or-less simultaneously with the
onset of favourable conditions in spring,
shedding of achenes over an extended period is
not advantageous. Since the majority of these
plants occupy seasonally damp habitats,
dissemination of fruit beyond the limits of the
areas occupied by the parents, that is, into
drier areas, might be disadvantageous. Since
by the time the inflorescence together with

its tightly held achenes falls, the habitat

is dry, the development of an hypogynium which
may serve as a flotation device, or may serve
to prise the glumes apart in order to facilitate
shedding of the achene, is unnecessary. Thus,
despite retention of androgynaeceous spikelets,
which is a primitive condition, these plants
are highly specialised and very well adapted

to the seasonally dry, often temperate habitats

which they have succeeded in exploiting.

Evergreen perennial plants are limited
to permanently damp or wet, open or shady,
tropical and subtropical habitats. The growth
and sexual reproductive cycle of such plants

extends over periods longer than a year since
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there is little seasonal fluctuation in
temperature and availability of water is not a
limiting factor. Such plants are stout or very
stout herbs, usually with broad laminas, which,
in those taxa which are denizens of deeply
shaded habitats such as swamp forest, are
further broadened by the development of
pseudodorsiventral lateral wings which extend
beyond the margins of the true lamina. These
plants have interrupted-paniculate inflorescences.
Flongation of the proximal internodes of many
of the lower branches of the inflorescences
results in the partial panicles becoming
wholly or partly pendulous. It is suggested
that the loss of the distal male part of the
functionally female spikelet in taxa with
pendulous inflorescences may be advantageous

in that its loss may permit the female glumes
to spread apart more widely, as such spreading
is not physically impeded by the distal
extension of the rhachilla and its other
appéndages and achene fall is not obstructed.
Elaboration of an hypogynium may, by increasing
the breadth of the achene towards its base,
force the glumes apart as the achene matures

so that they grip the mature achene, in which
the hypogynium shrinks slightly, less firmly
than they would do if no hypogynium were

elaborated, thereby facilitating shédding of
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the achene. ‘The achenes, which mature
progressively, are therefore able to drop out

of the spikelets.

Among taxa with interrupted-paniculate
inflorescences a few exist which are not tied
to permanently damp or wet habitats. ‘Such taxa
include a few annual species of seasonally dry
tropical habitats, and one Southern African
species is known which has annual aerial parts
and subterranean perennal.ing organs, which
occurs at higher, therefore more temperate
altitudes than other Southern African species

o this group.

It is suggested that each of the two
morphologically distinct groups of taxa be
accorded subgeneric rank, as originally

proposed by Clarke (1894).

To subgenus Hypoporum (Nees) C.B.ClL. are
assigned taxa with glomerate-spicate
inflorescences, androgynaeceous and male

spikelets and achenes without hypogynia (Group A).

To subgenus Scleria (Bergius) C.B.Cl. are
assigned taxa with interrupted-paniculate
inflorescences, functionally female and male

spikelets (with or without androgynaeceous
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spikelets in the same inflorescence) and achenes

with hypogynia (Group B).

Sufficient evidence to permit further
subdivision of subgenus Hypoporum has not been
accumulated in this study, therefore it is
proposed that, until a world-wide revision of
the genus is made, provisional recognition be
given to a single section, section Hypoporum
(Nees) Endlicher, in subgenus Hypoporum, and
that the section shall include the following
supraspecific taxa: subgenus Hypoporum,
sections Pergraciles, Hirtellae, Lithospermeae
and Corymbosae of Clarke (1894, 1900, 1902, 1908);
section Hypoporum of Core (1936); section
Hypoporum of Piérdrt (1951); .section Hypoporum
(excluding S. lacustris) of Nelmes (1955);
sections Hypoporum and Corymbosae of Kern (1961,
1974); subgenus Scleria, section Hypoporum
of Koyama (1961); subgenus Scleria (pro

parte, species 1-27) of Robinson (1966).

Four sections are recognised in subgenus

Scleria, namely:-

1. Scleria (Bergius) Endlicher, diagnosed as
having leaves tapering smoothly towards
the tips, or, rarely, with leaf-tips

narrowed suddenly to a point (praemorse);
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at least some subandrogynaeceous spikelets
in the inflorescence; .female glumes
adaxially glabrous; achenes beakless or

almost so; hypogynia with entire margins:

Acriulus (Ridley) C.B. Clarke, diagnosed as
having leaves tapering smoothly towards the
tips, or, rarely, with leaf-tips narrowed
suddenly to a point (praemorse); .female
spikelets without male rudiments; female
glumes adaxially hairy; .achenes strongly

beaked; ‘hypogynia with entire margins:

Schizolepis (Nees) C.B. Clarke, diagnosed
as having leaves usually praemorse;

female spikelets without male rudiments;
female glumes adaxially glabrous; .achenes
beakless or almost so; hypogynia with

fimbriate margins:

Ophryoscleria {Nees) C.B. Clarke, diagnosed
as having leaves usually praemorse;

female spikelets without male rudiments;
female glumes adaxially glabrous; .achenes
beakless, with persistent style-base;
hypogynium cupulate, broader than the

achene, with ciliate margins.
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Section Scleria may comprise several natural
groups, the delimitation of which cannot be
attempted until a world survey is made. -Although
Acriulus is here maintained as a seclion, the
distinction between it and section Scleria is a
fine one which may, when other species assigned

to Scleria are better known, nrove untenable.

Subgenus Scleria, section Scleria includes
the following supraspecific taxa : subgenus
Scleria, sections Tessellatae and Elatae of
Clarke (1894); subgenera Browneae, Tessellatae
and Euscleria of Clarke (1908); sections
Euscleria and Hymenolytrum of Core (1936) and
of Piérart (1951); section Scleria (with the
addition of S. lacustris) of Nelmes (1956);
sections Brownieae, Carphiformes, Tessellatae
and Scleria of Kern (1961, 1974); subgenus
Scleria, series Tessellatae and Elatae of
Koyama (1961), subgenus Scleria (pro parte,

species 23-55 and 57 of Robinson (1966).

Subgenus Scleria, section Acriulus
includes subgenus Acriulus of Clarke (1902);

Acriulus of Clarke (1908) and subgenus Scleria

(species 56) of Robinsoen (1966).



172

Subgenus Scleria, section Schizolepis includes
subgenus Scleria, section Schizolepis of Clarke
(1894); subgenus Schizolepis of Clarke (1898,
1902, 1908); section Schizolepis of Core
(1936) and of Piérart (1951); section
Schizolepis of Nelmes (1956) and subgenus

Scleria (species 58) of Robinson (1966),

Subgenus Scleria, section Ophryoscleria
includes section Ophryoscleria of Clarke (1900);
subgenus Ophryoscleria of Clarke (1902, 1908);
section Ophryoscleria of Core (1936) and of
Piérart (1951); section Ophryo§cleria of
Nelmes (1956) and subgenus Ophryoscleria of

Robinson (1966).
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ABBREVIATIONS USED IN PLAN DRAWINGS

air cavity

aerenchyma

cortex

central cylinder

chlorenchyma

endodermis

endodermoid region

epidermis

guard cell

hair base

hypodermis (- outer cortex)
inner cortex

inner sheath of vascular bundle
leaf sheath

metaxylem

metaxylem vessel

outer cortex (= middle cortex)
outer sheath of vascular bundle
pericycle

palisade chlorenchyma

phloem

protoxylem

protoxylem vessel

silica body

sieve tube

gsubsidiary cell

translucent cell

trabecula

vascular bundle

vascular plexus
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KEY TO SHADING OF PLAN DRAWINGS

parenchyma

chlorenchyma of culms(leaf chlorenchyma not shown)

sclerenchyma

phloem
xylem (proto- and metaxylem not distinguished in plan
drawings of organs with collateral and amphivasal
vascular bundles)
protoxylem
distinguished in drawings of roots only
metaxylem

epidermis with stoma

endodermis of root
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Fig. 25. Camera-lucida drawings of T/S root of

Scleria achtenii (Ward 7743) : a, plan;

b, detail of fibrous inner cortex,

endodermis and polyarch stele,
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178.

Camera-lucida drawings of T/S root of

Scleria angusta (Ward 8083) : a, plan;

b, detail of outer cortical region
showing fibrous hypodermal zone (outer
cortex) and parenchyma cells of
trabecula of middle cortex; ¢, detail
of fibrous inner cortex, endodermis

and polyarch stele.
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180.

Camera-lucida drawings of T/S young

tuberous rhizome of Scleria woodii

(Hennessy 409) : a, plan; b and c,
details of peripheral zone; d, detail

of amphivasal vascular bundle.
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Camera-lucida drawings of T/S culm, leaf

and rhizome of Scleria welwitschii

(Hennessy 408) : a, plan of culm; b,
plan of flanged V-shaped amphistomatic
lamina with bulliform cells restricted
to median adaxial groove; ¢, plan of

part of heavily lignified rhizome,
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184.

Camera-lucida drawings of T/S rhizome

of Scleria poaeformis (Hennessy 374)

a, outline; b, plan; ¢, detail of

amphivasal vascular bundle.
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186.

Camera-lucida drawings of T/S leaf and

sobole of Scleria drégeana (Moll 1424)

a, plan of lamina; b, outline of sobole
within leaf-sheath; ¢, plan of sobole
showing cortical air cavities and

collateral vascular bundle.
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Camera-lucida drawings of T/S culm of

Scleria bulbifera (llennessy 407) : a,

outline; b, plan of corner; ¢, detail
of two vascular bundles with their
associated sclerenchyma, chlorenchyma and

translucent ground tissue.
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Fig.
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190.

Camera-lucida drawings of T/S culm of

Scleria melanomphala (Ward 7708) : a,

outline of culm within leaf-sheath;

b, plan of corner showing distribution
of chlorenchyma, collateral vascular
bundles and mechanical tissue; c,

detail of stoma.
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Fig.
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192.

Camera-lucida drawings of T/S culm of

Scleria angusta (Ward 8083) : a, plan

showing distribution of vascular
bundles and centrally situated
schizogenous air cavitics; b, plan of
corner showing distribution of
chleorenchyma, collateral vascular
bundles and mechanical tissue; ¢,

detail of stoma.
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Fig. 34. Camera-lucida drawings of T/S leaf and

culm of Scleria woodii (Hennessy 4090)

a, plan of V-shaped amphistomatic lamina
with bulliform cells restricted to median
adaxial groove; b, plan of culm; c,
detail of lamina showing an adaxial stoma,
chlorenchyma, vascular bundle with
adaxial and abaxial sclerenchyma girders
and conical silica bodies in epidermal

cells overlying the sclerenchyma girders.
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196.

Camera-lucida drawing of T/S flanged
V-shaped amphistomatic lamina of

Scleria aterrima (Strey 7035), showing

distribution of vascular bundles and
their associated sclerenchyma and large
translucent cells subjacenlt to the

adaxial epidcrmis.
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Fig.
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198.

Camera-lucida drawings of T/S leaf

of Scleria achtenii (Ward 7743) : a,

plan of flanged V-shaped hypostomatic
lamina; b, detail showing vascular
bundle with its associated sclerenchyma

girders.
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CHAPTER 4

Subterranean organs

4.1

.

Roots

The rooting system of Scleria is
adventitious. No description of root
anatomy of the genus has been found in

the literature.

As a source of taxonomically userul
information rool. anatomy has proved
disappointing. The stelar anétomy of the
roots of all the species investigated is
fundamentally similar. Differences in
position of metaxylem vessels are
associated with root diameter, the same
species sometimes having metaxylem
vessels distributed in a ring around a
central medulla in large diameter rootls
and occupying a central position in small
diameter roots. Slight variations 1in
cortical anatomy were observed which are
associated with the age of the root

(Beckel, 1056),
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General Description (Refer Figs. 25,26,37)

Diameter from less than 1 mm to 5 mm.
Epidermis (piliferous layer) single
layered, of small, more-or-less isodiametric
parenchyma cells, not persisting in

mature roots. Hypodermis (exodermis) of

one or Lwo layers of lignified cells,
polygonal to isodiametric in transverse
section, axially elongated. Cortex

of three zones of radially arranged cells,
the number of layers differing according

to the diameter of the roots; outer zone

not always clearly defined, consisting
of few layers of compact polygonal
parenchyma cells with small intercellular

air spaces; middle zone in very young

roots of large rounded parenchyma cells
with small intercellular air spaces, in
older roots the cells of some of the
radiating rows become tangentially
stretched and contrast conspicuously with
the rounded cells of remaining rows and
eventually the tangentially stretched cells
break down to produce large air cavities
and the rounded cells persist as +
uniseriate trabeculae which traverse the

lacunar middle cortex radially; inner
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Fig.

37.
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Photomicrcgraphs of transverse sections

of roots of Scleria spp. 1, S. poaeformis

X 20; 2, S. poaeformis X 128; 3, S.

melanomphala X 20; 4, S. natalensis X 20;

5, S. achtenii X 52; 6, 5. foliosa X 20.

Note : cortex differentiated into three
zones, an outer hypodermal zone 1 -
several cell layers broad, of lignified
cells; a middle zone of thin walled

cells which break down leaving residual
radial trabeculae between large air
cavities; an inner zone of lignified
cells, very regularly arranged in radial
rows, separated from the stele by an
endodermis the cells of which may be
evenly lignified (2) or the outer
tangential wall may be thin (5) : polyarch
stele with metaxylem vessels situated in

a ring (1, 2, 3, 4) or centrally situated
(5, 6); secretory cells with dark-stained

contents most numerous in stele.

1,2, from Hennessy 374; 3, from Ward
7708; 4, from Hennessy 372; 5, from

Ward 7743; 6, from Merxmiiller and

Giess 2081,
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zone 3 - 5 cetl layers wide, of
lignified cells of smaller diameter than
cells of middle zone, regularly arranged
with small or no intercellular air

spaces. Endodermis clearly defined,

the c¢cells in Lransverse seclion taller
than broad, axially elongated to + 3
times their diameter; either heavily
and evenly lignified with lumina greatly
reduced, or with inner tangential wall
and radial walls heavily lignified and
outer tangential wall only slightly
lignified (U-shaped thickening). Stele
polyarch, protostelic with fibrous pith

in roots of large diameter.

Pericycle either an uninterrupted
single layer of small, axially slightly
elongated, thin- or thick-walled cells,
or the layer interrupted by protoxylem
vessels abutting directly on the endodermis

Number of alternaling phloem and protoxylem

groups variable even within the same

species depending upon the diameter of
the root; protoxylem vessels spirally
thickened, of small diameter compared

with Lhat of metaxylem vessels. Metaxylem
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in most species centrally situated, the
vessel elements of very large diameter,
with scalariform or reticulate thickening,
several in large diameter roots or

single in small diameter roots, or
situated in a single peripheral ring

and the medullary region fibrous.

(In S. poaeformis large diameter roots

have the metaxylem vessels in a ring
around a fibrous medulla and small,
branch roots have a single central
metaxylem vessel). End walls of xylem
vessel elements + horizontal, simply
pertforate or scalariform. Secretory
cells few or many, most numerous in pith
of medullated rools, cells axially

elongated, of small diameter.

Stems

On the basis of their vascular anatomy

two fundamentally different kinds of
underground stems are distinguishable in
the Southern African representatives of
the genus, rhizomes and soboles. Rhizomes
show a range of morphological diversity
but whether they have long or very

abbreviated internodes, whether they are
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straight or flexuous, whether they are
horizontal or descending, whether they

are more-or—-less the same diameter
throughout their length or variously
swollen, whelher they are hard and woody
or soft and fleshy, they have amphivasal
vascular bundles. Soboles which are
subterranean horizontal propagative stems
arising from culm-bases are distinguished
by their possession of ccllateral vascular

bundles.

The species of Scleria in our area
fall into four categories on the basis of
the type(s) of subterranean stems they

possess or lack.

A. Those which have rhizomes and
no other type of underground stem.
B. Those which have rhizomes and
may also produce one or several
short soboles.
C. Those which have no rhizomes,
spreading exclusively by means
of long, remarkably culm-like

soboles.



200.

D. Those which have no perennating

stems (annual or ephemeral plants).

These four categories do not mirror

taxonomic relationships.

The distribution of Southern African
species among the four categories described

above is shown in Table IIT.

4.1.2.1. Rhizomes, despite morphological
differences and differences in
the degree of lignification of
the cortex and the ground tissue
of the stele which may be
associated with habitat, are

fundamentally alike anatomically

General Description (Refer Figs. 2°

28, 25,38,39)

Lpidermis of a singlce layer
of small cuboidal or slightly
thick-walled cells, some at least
containing amorphous silica or
cone-shaped silica bodies. Cortex

either uniform, of + polygenal
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TABLE IIT. Distribution of Southern African species of
Scleria among four categories based on the

nature ot their subterranean stems.

CATEGORY SECTION SPECILES
A Schizolepls angusta

(rhizomes only) Acriulus greigiifolia
Scleria achtenii
Scleria unguiculata
Scleria lagoensis
Scleria natalensis
Scleria transvaalensis
Scleria melanomphala
Scleria poaeformis
Hypoporum bulbifera
Hypoporum veseyfitzgeraldii

Hypoporum

Hypoporum

welwitschii

rehmannii

Hypoporum longispiculata
Hypoporum nutans
Hypoporum woodii
Hypoporum dieterlenii
B Hypoporum aterrima
(rhizomes & H oru dre
soboles) ypop m regeana
C Hypoporum sobolifer
(soboles only)
D Scleria foliosa
{none) Scleria lacustris
Hypoporum pergracilis
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Fig.

38.
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Photomicrographs of transverse sections of
rhizomes of Scleria spp. 1, S. bulbifera
X 52, material damaged in sectioning
because outer cortex (right) of heavily
silicified stone cells has torn away
leaving (bottom left) endodermoid region
only in places and within the stele the
darkly stained crescentiform sclerenchyma
caps of (he inner vascular bundles also
heavily silicified resulting in Learing
of sections; 2, portion of rhizome of

S. drégeana X 52, showing part of stele
(left) and cortex (right), 3, portion of
rhizome of S. aterrima X 52 showing part
of stele (left) and cortex (right); 4,

portion of rhizome of S. veseyfitzgeraldii

X 52 showing part of stele (left) and

cortex (right); 5, young tuberous rhizome

of S. woodii X 20 parenchymatous except for

1 - few amphivasal vascular bundles (ringed);
6, portion of young tuberous rhizomes of

S. woodii X 52 with the solitary amphivasal

vascular bundle ringed.

Note : secretory cells with dark-staining

contents present in all rhizomes,

1, from Hennessy 407; 2, from Vescy-Fityzoerald
10007; 3, from Ward 2924; 4, from Robinson

4220; 5, 6, from Hennessy 409.
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Fig. 39. Photomicrographs oi transverse section of
rhizomes of Scleria spp. 1, portion of

stele of S. poaeformis X 128, with

amphivasal vascular bundles (left),
peripheral vascular plexus 1in contact

with lignified endodermoid region of cortex
(right oi centre) and portion of
aerenchymatous cortex (right); 2, portion
of peripheral region of cortex of 5.

poaeformis X 28, with aerenchyma (left)

outer zone of parenchyma and distorted
tissue of sheathing scale (right); 3,
portion of rhizome of $. angusta X 52,
showing part of stele (left), broad,
heavily lignified endodermoid region and
cortical tissue (right); 4, portion of

rhizome of S. natalensis X 20, showing part

of stele (letft), narrow endodermoid region

and cortex (right); 5§, portion of rhizome

of S. achtenii X 20 showing part of stele
(left), the amphivasal vascular bundles
towards the centre with heavy crescentiform
sclerenchyma caps, and part of cortex (right);

6, portion of rhizome of S. unguiculata X 20

showing part of stele and cortex and T/S

fibrous root (top left).

Note : secretory cells with dark-staining

contents present in all rhizomes.

1,2, from Hennessy 374; 3, from Ward 8083;

4, from Hennessy 372; 5, from Ward 7743;
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lignified cells or more often
of two zones; bounded on the
inside by an endodermoid

region : outer cortex narrow

or broad, compact, usually
without air-spaces,
parenchymatous or the cells
lignified to a lesser or
greater degree (stone cells
present in some species and
the walls of such cells
silicified) : inner cortex
often broader than outer, of
rounded parenchyma cells with
small intercellular air spaces
or of stellately lobed cells
with large interstitial air
cavities; secretory cells
somet imes present in inner
cortex, few : in young,
tuberous rhizomes of S. woodii,

S. dieterlen:i ground tissue

parenchymatous throughout and no
endodermoid region or stelar
region distinguishable. Endodermo.
region of 1 - 10 or more layers

of axially elongate, heavily

lignified cells; in those



213,

rhizomes with broad

endodermoid zone, cells of

layer nearest the stele either
more heavily lignified than
those nearer cortex or
physiologically differentiated
from them as evidenced by
different staining reaction with

safranin.

Stele not usually delimited
by a clearly-defined pericycle;
if recognisable the pericycle of
a single or double, interrupted
layer of + isodiametric cells
periphery of stele occupied by
an almost complete ring of
vascular elements several layers
broad, comprising an anastomosing
system of xylem and phloem
elements, the "vascular plexus"
of Plowman (1906). 1In the
vascular plexus phloem elements
lie external to xylem elements.
Internal to the vascular plexus
is ground tissue in which numerou
vascular bundles are embedded.

Ground tissue wholly parenchymato




or wholly lightly or heavily
lignified, or zones of thin-
walled and lignified cells
differentiated : secretory cells
present, uéually numerous.

Vascular bundles numerous in

mature rhizomes, their courses
through the ground tissue

tortuous so that very few are

seen In Lransverse view 1in a
transverse section of the rhizome,
most being cut obliquely;
distributed throughout ground
tissue wilh peripheral bundles
less c¢rowded than central ones,

or absent from central (medullary)
region; peripheral bundles
smaller than those towards centre;
circular or oval in T/S,
amphivasal wilh protoxylem pole
directed towards centre of rhizome
protoxylem vessels spirally
thickened, metaxylem vessels
reticulate or scalariform; fibrous
bundle sheaths usually present,
sometimes absent from peripheral

bundles; sheaths often broader
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adjacent protoxylem than
metaxylem pole : in species
with fibrous ground-tissue
bundle sheaths distinguishable
because sheath fibres more
heavily lignitied than cells of

ground-tissue.

Soboles

0Of the three Southern African
species of Scleria which have been
found to poussess soboles, Lwo,
S. dregeana and S. atcerrima, also
have abbreviated rhizomes. The
rhizomes are so short that the
plants appear to be caespitose.
Production of soboles in these
two species seems, from examinatio
of a number of herbarium specvimens
to be a rare occurrence.
However, many herbarium speccimens
are incomplete with regard to
their subterranean organs either
because the collector has lailed
to dig the specimen, or because

fragile structures such as the
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soboles of these species have
been inadvertently detached in
handling. I believe that soboles
occur more frequently than
present evidence suggests.
Robinson (1966) writing of the
species of Scleria in the

"Flora Zambesiaca'" area, has
noted the presence of what I

have designated soboles in

S. aterrima (as S. catophylla

C.B.Cl.) and S. polyrrhiza E.A.

Robinson. In a note following
his description of the latter
species, he compares it with

S. woodii (a rhizomatous species
in which the young rhizome is
softly tuberous, composed of
parenchymatous storage tissue
and a {cw amphivasal bundles)

and S. hilsenbergii Ridley, a

species which has nolt yet been
found outside Madagascar. Of

S. polyrrhiza he writes, "This

species comes very close to the
polymorphic S. woodii, but differ
from it in its root (sic) system"

Of S. hilsenbergii he says, "It
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is true that none of the eleven

sheets of S. hilsenbergii examinec

by me in the Paris Herbarium
had any signs of the storage
rhizomes so characteristic of

S. polyrrhiza, but the very

greatest care is needed to gather
the plant intact, and, where a
storage rhizome (sic) is not
suspected to exist, it 1is
unlikely to be found". He
concluded, "In these geophytic
species, by the time the achenes
have reached maturity the old
(storage) rhizomes have usually

begun to disintegrate™.

Writing of the distinction
between S. aterrima (as S. catoph
and 5. nutans he said that the
former may always be distinguishe
from the latter "by ........ and
by its many sl!lender rhizomes,
which descend obhliquely and rise
up again to form new plants at a
distance of up to 10 cm from the
parent plant, which dies at the

end of its flowering season. Only
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after the new plant is
established do they harden off,
and even then can hardly be
mistaken for the woody storage-

rhizomes of S. nutans'.

It is noteworthy that
Robinson, with no knowledge of
the anatomy of the subterranean
stems, was able to distinguish
true rhizomes from soboles on
morphological grounds alone.
Although his terminology is
confused, his concept of the
distinction belween the two types

of stem 1is clear.

The third soboliferous specie
in our area, S. sobolifer diflers
from the other two in that it
has no rhizome at all, habitually
spreading and perennating by mecan
of long, tough, cuim-like soboles
Although there is no fundamental
difference in the vascular anatom
of the three species, there are
individual differences in tissue

distribution and in the amount of
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Fig. 40.

S
ro
<

Photomicrographs of transverse sections
of soboles ot Scleria spp. 1, S. sobolifer
X 52; 2, S. sobolifer X 128; 3, S.

drégeana X 52; 4, S. dregeana X 128; 5,

S. aterrima X 52; 6, S. aterrima X 128.

Note : collateral vascular bundles in all
three species; vascular bundles scattered
throughout ground tissue in S. sobolifer,
confined to central region of S. drégeana,
arranged in a ring (cylinder) in S. aterrima;
schizogenous air cavities in centre in S.
sobolifer, in a ring (cylinder) outside the
central vascular region in S. drégeana, in
centre and outside the vascular ring in

S. aterrima; mechanical tissue sheathing
each vascular bundle in S. sobolifer, the
sheaths of adjacent bundles not confluent,
absent from S. drégeana, sheathing each
vascular bundle in S. aterrima, the sheaths
of adjacent bundles confluent; outline of
sobole trigonows . (culm-like) in S. sobolifer,

basically terete in S. drégeana and S.

aterrima (distortion the result of imperfect

reconstitution of material taken from dried
herbarium specimens); secretory cells with
dark-staining contents present in all three

species.

1,2, from Ward 4737; 3,4, from Moll 1424;

5,6, from Robinson 5055
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fibrous tissue which
distinguish them and which are

clearly shown in Fig. 40.

Description (Refer Figs. 30,40)

Shape in transverse section
basically terete in S. aterrima
and S. dregeana, obtusely
triangular in S. sobolifer.
Epidermis of brick-shaped,
axially slightly elongate thin-
walled cells of similar size

Lo subjacent cells of ground-

tissue. Ground-tissue

fundamentally parenchymatous,
breaking down to form air-
cavities in different regions
relative to the vascular tissue
in the three species. Vascular
bundles in a single ring in

5. aterrima, a roughly double
ring in S. dreégeana and more-or-
less evenly distributed through
the ground-tissue in S. soboliter,
oval or rhomboid in T/S,

collateral, with the phloem pole
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directed towards the periphery

of the stem; fibrous bundle

sheath lacking in S. dregeana,
many-layered in S. sobolifer
and in S. aterrima many layered
and the sheaths of adjacent
bundles confluent so that the
ring of bundles is mechanically

supported in a sclerenchymatous

cylinder.

Culms

Although there are individual differences in

culm anatomy among Southern Alfrican species ol

Scleria, there is, except for the occurrence of

some amphivasal vascular bundles in one species,

S. greigiifolia, overall similarity among them.

The culm in transverse section is triangular,
with some slight variation in the acuteness of the
angles, most being more-or-less obtuse. There is
a suggestion of a wing at one angle of the culms

of S. greigiifolia (Fig .. 42, 3) and S. foliosa.

The sides are usually straight or slightly convex

and a tendency exists for one side to be slightly

shorter than the other two.
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Fig. 41. Photomicrographs of lransverse sections of
culms of Scleria spp. 1, 5. woodii X 52;

2, S. woodii X 128; 3, S. welwitschii X 128;

4, S. bulbifera X 128; 5, S. dieterlenii X 128;

6, S. pergracilis var. brachystachys X 128.

Note : variation in acuteness of angles; few
or no central air cavities; absence of "ring"
of mechanical tissue separating chlorenchyma
from translucent ground tissue; thick-walled
(silicified) unicellular epidermal hair in §5;
enlarged schizolysigenous protoxylem cavities
of larger vascular bundles in 6, and in

some deeply-seated vascular bundles in 4;
conical silica bodies clearly visible in 2

in epidermal cells overlying sclerenchyma

strands/girders.

1,2, from Hennessy 409; 3, from Hennessy
408; 4, from Hennessy 407; 5, from

Hoener 2040; 6, from Pentz and Acocks

107277.
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Fig. 42.

226.

Photomicrographs of transverse sections
of culms of Scleria spp. 1, corner of
culm of S. angusta X 52; 2, portion of

side of culm of S. poaeformis X 52; 3,

portion of culm of S. greigiifolia X 20;

4, corner of culm of S. greigiifolia X 52;

5, corner of culm of S. natalensis X 52;

6, portion of side of culm of S. lacustris

X 128.

Note : net-type of (ranslucent ground
tissue in 1,2,3; mechanical tissue

forming a continuous '"ring" separating
chlorenchyma from translucenlt ground

tissue in 1,2,3,4; very heavy sclerenchyma
sheaths/girders associated with vascular
bundles in 6; relatively little development
of mechanical tissue in 5 except in corner;
enlarged schizolysigenous protoxylem
cavities of largest vascular bundles in
1,2,3:6; presence of some amphivasal

vascular bundles in S. greigiifolia (3,4);

few or no secretory cells with dark-staining

contents.

1, from Ward 8083; 2, trom Hennessy 374;

3,4, from P.G. Stewart 293; 5, from

Hennessy 372; 6, from P.A. Smith 2718,
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All‘species have a subepidermal
chlorenchymatous zone interrupted by girders
or strands of fibrous mechanical tissue
assocliated with peripheral vascular bundles.
In the species with the largest culms,

S. poaeformis, there is a narrow hypodermal zone

of sclerenchyma between neighbouring girders
and strands which is continuous except where
interrupted by stomata. The amount of fibrous
tissue varies from specics to species and is
often better developed towards the base than
the apex of the culms. In three species, S.

poaeformis, S. angusta and S. greigiifolia the

mechanical tissue links adjacent vascular
bundles immediately inside the chlorenchymatous
zone (Fig. 42, 1-4). This "ring" of sclerenchyma

is best-developed in S. greigiifolia. In S.

lacustris the sclerenchyma as-ociated with the

vascular bundles is very well developed (Fig. 42,
6), forming a heavy sheath around the peripheral
vascular bundles, but each vascular bundle
Ltogether with its sheath remains discrete.
Particularly massive girders occur in S. bulbifiera,

S. veseyfitzgeraldii and S. longispiculata, and

S. nutans is unusual in that the most deeply
seated vascular bundles have very heavy fibrous

sheaths, while the peripheral vascular bundles

have a lesser amount of associated sclerenchyma.
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The chlorenchyma of tne culm is similar
to that of the leaf of the same specilies.
The type of chlorenchyma present in each

species is tabulaved in Table V.

Transculent ground tissue ts present
towards and in the centre of the culms of all
species and in most comprises large round
parenchyma cells with small or large
interqellular air spaces. In four species,

S. angusta, S. greigiifolia, S. poaeformis

(Fig. 42) and S. unguiculata, which are

hydrophilous plants, the translucent ground
tissue consists of a three-dimensional
network of narrow, elongated parenchyma
cells, designated by Metcalfe (1971) as

"net-type" ground tissue.

In those Southern African species belongin,
to sections Schizolepis, Acriulus and Scleria,
as circumbscribed by Clarke (1902), the
central ground tissue breaks down to form
large air cavities. Among the Southern African
species in section Hypoporum, some have solid
culms, some have a few, rather small central
air cavities and one, S. rehmannii has large
schizogenous central air cavities. It is
perhaps significant that this species is
hydrophilous and that stellate chlorenchyma

is present in leaf and culm. Although
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Synopsis_of featurcs of intercst_in the anatomy of’ the

Sclerenchyma Associated with
Peripheral vascular bundles

Schizcgenous

Peripheral

Discrete Laterally confluent,
girders/ uniting adjacent Interfascicular,
strands/caps |v.b's. in a ring small
S. angusta X
S. greigiifolia X
S. poaetormis X X
S. melanomphala X
S. transvaalensis X
S. natalensis X
S. lagoensis X
S. achtenii X
S. unguiculata X
S. foliosa X

miassive, almost

S. lacustris confluent
S. sobolifer X
5. dreégeana X
3. dieterlenii X
3. pergracilis X
5. wooditi X
3. bulbifera X
3. veseyfitzgeraldii X
3. nutans massive
;. aterrima X
3. welwitschii X
. longispiculata X
. rehmannii X
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culms of Southern African species of Scleria
Air Cavities Net type Vascular bundles
central
ground
g N Central L1ssue Collateral Amphivas
cavities of largest v.b's. Present. Absent
X X X X
X X X X X
X X X X :
X X X X
X X X X
X X X
X X X X
X X X X
X X X
X X X X
X few X X
few X X
- X X
- X X
X few X X
- X X
- X X
_ X X
few X X
few X X
few X X
few X X
X X X
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S. lacustris is reported by Robinson (1966)

to have hollow culms, the culms of the material

examined in this study (P.A. Smith 2118) had

remarkably few, small, centlral air cavities.

It is probable that in this aquatic species the
mature culms, or at least their basal parts,are
hollow. The Smith gathering examined was immature,

lacking fully-hardened achenes.

Peripheral, extravascular air cavities of
schizogenous origin are rare and have been

observed in S. poaeformis, where small cavities

appear in the stellate chlorenchyma (Fig. 42 2).
Metcalfe (1971) in his description of culm anatomy

of S5. greigiifolia (as Acriulus greigiifolius)

mentions slit-shaped air cavities '"embedded in
peripheral sclerenchyma, formed by breakdown of
two distinct types of cells, one subcircular and
the other in the form of narrow, lobed cells".
The material examined in this study shows no
evidence of air cavities of this nature. It has
however been observed that the schizolysigenous
proloxylem cavities of the peripherally situated

collateral vascular bundles of S. greigiifolia

are large, especially those of the largest
bundles situated near each angle (Fig. 42, 4).
This feature is shared by several other species

(Table TV) although it is less marked in the other
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species except perhaps in S. pergracilis

(Fig. 41, 6). 1t is my opinion that Metcalfe,
perhaps because of inadequate material, failed

to recognise the enlarged protoxylem cavities of

S. greigiifolia for what they are, thereby

attributing to S. greigiifolia an unique type

of peripheral air cavity which it perhaps does

not possess.

The only features of culm anatomy which S.

greigiifolia possesses which are not shared by at

least some other Southern African species of
Scleria, are the rather odd admixture of collateral
and amphivasal vascular bundles and the abscnce

of fibrous bundle sheaths. The vascular bundles

of the culms of all other local species are

strictly collateral. S. greigiifolia has a "ring"

of collateral bundles towards the periphery of
the culm, the largest of which are in the angles.
Other vascular bundles, especially the smaller
ones, are strictly amphivasal, and others are
transitional between the two Lypes wilh the
metaxylem arranged in a broad V with the phloem

between the open arms of the V.
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General Description (Refer ligs. 28,31,32,33,41,42)

Lpidermis of small, more-or-less isodiametric
or brick-shaped thin-walled or ligniftied,
cuticularised cells; stomata usually few.

Hypodermis in S. poaeformis of 1 - tew layers

of axially elongate sclerenchyma. Chlorenchyma

limited to peripheral zone, interrupted by
sclerenchyma girders and strands associated with
peripheral vascular bundles; substomatal air
cavities small; schizogenous air cavities small,

few, in stellate chlorenchyma of S. poaeformis.

Translucent ground tissue parenchymatous, cells

small or large, round or polygonal with small or

large intevcellular air spaces, or, in 5. angusta,

S. greigiifolia, S. poaeformis and S. unguiculata

of narrow elongated cells forming a three-dimension

meshwork of fine strands. Air cavilies absent,

few and small, or many and large, situated towards
centre of culm. Vascular bundles collateral or,

in S. greigiifolia, collateral and amphivasal;

many, more congested Lowards periphery than Loward-
centre ol culm Crom which Lhey are usually absont;

some peripheral vascular bundles relatively small;

bundle sheaths two, the inner sclerenchymatous, the

outer parenchymatous, continuous around associated

sclerenchyma in some species and not thus

continuous in others, as in the leaves (Table V);
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sclerenchyma sheath absent from culm bundles

of S. greigiifolia; phloem pole directed towards

periphery. -‘Mechanical lLissue assocliated with

vascular bundles sclerenchymatous, most fully
developed towards periphery especially near
angles; not symmetrical in the three angles

of all species; peripheral vascular bundles
often with massive girders or caps and strands
at phloem poles, caps at xylem poles, sometimes
the whole bundle surrounded by a sclerenchyma
sheath one to several layers broad; adjacent
sub-peripheral bundles of S. angusta, S.

greigiifolia and S. poaelormis more-or-less

united by a "ring" of sclerenchyma several to
many layers broad; more deeply seated vascular
bundles with narrow sclerenchyma caps at one

or both poles. Secretory cells few or many,

extrafascicular in chlorenchyma and translucent
ground tissue and intrafascicular in xylem.

Silica bodies present in epidermal cells of all

species; .conical bodies in cells overlying
sclerenchyma and amorphous masses in other
epidermal cells. llairs present in some species;
unicellular, silicified, of epidermal orgin

(Fig. 41, 5).
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Camera-lucida drawings of lamina profiles of Southern African species

of Scleria to show relative sizes, and indicating, semi-diagrammatically,

distribution of bulliform epidermal cclls, translucent hypodermal

cells, schizogenous air-cavities, mechanical tissue and vascular

bundles.

greigiifolia
aneformis

welwitschii

woodii
aterrima
nutans
rehmannii
longispiculata
bulbifera
pergracilis
drégeana

veseyfitzgeraldii

dieterlenii
sobolifer
foliosa
lacustris
mel anomphala
angusta

natalensis

unguiculata
achtenii
lagoensis

transvaalensis

K.D. Huntley 781

E.F. Hennessy 374
l..F.
E.F. Hennessy 400

Hennessy 408

M. McCallum-Webster s.n.
T.H. Arnold 796

de Winter and Marais 5049
Story 6407

F.F. Hennessy 407

Pentz and Acocks 10277
Acocks 10850

Robinson 4220

Hoener 2040

T.H. Arnold 467
Merxmiiller and Giess 2081
P.A., Smith 2718

Ward 7708

Ward 8083

E.F. Hennessy 372

P.A. Smith 1980

Ward 7710

Compton 20644

P.J. Miiller 2031
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«

WMATOUS SHFATII OF

PARENC]
TRANSLUCENT WYPODERMIS mumn.mcwms_lx:m MFSOPIYLY. VASCULAR  BUNDLE
Amphi stomat.ic | Thypo—

stamal ic absent, somct.imes | present absent | somet imes| presextt | Not Slightly Clearly differemtiated Continovs | Somet imea Not

except. near prensnt. © present differentiated|differentiated | palisade and spongy Spongy tinsue around contimour | continmwous

true as palisade palisade and tinsue associated |arouwnd around

margin and Rpongy spongy tissue; Bc lerenchyma | associ ated ansociated

' tisaun; palisade palisade palisade Sliehtly Strongly Stellate Stellste anlerenchyma | sclerenchym
spongy only  |[poorly defined,| adaxial abaxial 1obed Lobed chlorenchyma [achlorophyllows
adaxial chlorenchyma |chlorenchyss cella
1. S. preigiifoiia X X X 2-3 rows 2-3 rows X X
2. S. poacformis X X . X 3-4 raws 3-4 rows X X X
3. S. welwitachil X X X X X x X
4. S. woodii X X X 1-2 rows 1-2 ronex x x
5. S. aterrima x x X 1-2 rven | 1-2 rovm X | X
6. S. rutans X x x 1-2 rows [ 1-2 rove x 7 X x
7. S. rehmammii x X x 1-2 rores | 1-2 rows I x X near angle x X
8. S. longispiculata X X X 1-2 yows X X
9. 5. bulbifera X X X 1-2 rows X X
10. S. pergracilis x X X X X X X
11. S. drigeana X X X X X X x
12. S. veseyfltzgeraldii X X X 1-2 rows X X
13. S. dieterfenii X X X X X X X
1
14. 5. sobolifer X X X X 1 row X X x
15. S. folicaa X X X X X
| row near x =
16. S. lacustria X X X )
wet et wet T rov near
17. S. meianomphala X X X form X X fora X form only uamg and X X wet forw only X
18. 5. angusrta X X X X x x
19. S. natalensis x x x (™ x x X
20. S. unguiculata X X X 1w X x
21. S. achtenil X X b 4 1 row X X X
22. S. lagnensis X X X 1 orvw X X
partial 1 row X X

23. S. tranavaalenais X X 4 X xin le
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Table V. Synopsis of features of interest
in lamina anatomy of leaves of

Southern African species of Scleria.
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Fig. 44. Photomicrographs of transverse sections of leaves
of Scleria spp. 1, midrib region of S. poaeformis

X 20 showing median adaxial bulliform cells and
subjacent translucent cells; 2, part of lamina

of S. poaeformis X 20 showing distribution of

vascular bundles on both sides and in the
trabeculae of translucent cells which traverse
the lamina, large air cavities, scattered
remnants of stellate, silicified translucent
mesophyll cells, and chlorenchyma limited to

a narrow zone on both sides of the lamina;

3, enlarged view (X 52) of part of abaxial

side of lamina of S. poaeformis showing

outer parenchymatous and inner schlerenchymatous
bundle-sheaths, several rows of palisade
chlorenchyma and secretory cells with darkly-
stained contents; 4, midrib region of S.

greigiifolia X 52 showing median adaxial

bulliform cells; 5, part of lamina of S.

greigiifolia X 52 showing distribution pattern

of vascular bundles and chlorenchyma; 6,
enlarged view (X 128) of part of lamina of

S. greigiifolia showing major vascular bundle

with adaxial and abaxial sclerenchyma girders
and outer and inner bundle-sheaths, adaxial
and abaxial palisade chlorenchyma and

stellate chlorenchyma.

1,2,3, from Hennessy 374; 4,5,6, from
K.D. Huntley 781.
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Fig. 45.
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Photomicrographs of transverse sections of
leaves of Scleria spp. 1, S. angusta X 128,
midrib region near leal apex showing
translucent cells subjacent median adaxial
bulliform cells and bases of three
epidermal hairs, two adaxial and one
median abaxial; 2, S. angusta X 52, in
region of junction of lamina proper
(left), and marginal wing (right) showing
adaxial bulliform cells of true lamina

and groups of abaxial bulliform cells of

wing; 3, S. melanomphala X 52 in angle

region showing major vascular bundle of
angle with adaxial and abaxial

sclerenchyma girders; 4, S. melanomphala

X 52,in angle region showing major
vascular bundle of angle with adaxial
sclerenchyma strand and abaxial sclerenchyma

girder; 5, S. melanomphala X 52, portion

of lamina of wet form showing air cavities
resulting from breakdown of stellate
translucent mesophyll and trabeculae of
translucent cells traversing lamina; 60,

portion of winged leaf sheath of S.

lacustris X 20, showing wing.

1,2 from Ward 8603; 3,4 from Ward 7708;

5 from Ward s.n.; 6 from P.A. Smith 2718.
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Photomicrographs of transverse sections of
leaves of Scleria spp. 1, portion of
lamina of S. lacustris X 128, showing
stellate chlorenchyma; 2, marginal region
of lamina of S. foliosa X 128, showing
stellate chlorenchyma; 3, angle region

of lamina of S. achtenii X 52, showing
adaxial sclerenchyma strand remote from
major vascular bundle of angle region

and the intervening tissue chlorophyllous;

4, angle region of lamina of S. natalensis

X 52, showing the same features as 3; 5,

angle region of lamina of S. transvaalensis

X 52,showing the same features as 3 & 4;

6 angle region of lamina of S.

transvaalensis X 52, showing translucent

cells between adaxial sclerenchyma

strand and vascular bundle.

1, from P.A. Smith 2718; 2, from

Merxmiiller and Giess 2081; 3 from

Ward 7743; 4, from Hennes§y 372;

5, from Arnold 336; 6, from P.J.

Miiller 2031.
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Photomicrographs of transverse sections
of leaves of Scleria spp. 1, S. woodii
X 52, V-shaped lamina with bulliform
cells restricted to median adaxial
groove, adaxial and abaxial epidermal
cells + equal in size; 2, B.

welwitschii X 52, flanged V-shaped

lamina with bulliform cells restricted
to median adaxial groove, adaxial and
abaxial epidermal cells + equal in
size; 3, S. dregeana X 52, flanged
V-shaped lamina with bulliform cells
in median adaxial groove and in inter-
costal regions of adaxial epidermis;
4, S. drégeana X 128, part of lamina
showing amorphous silica bodies in
bulliform adaxial epidermal cells and
uniform chlorenchyma; 5, S. aterrima
X 20, showing flanged V-shaped lamina,
translucent cells subjacent adaxial
epidermal cells in median and inter-
costal regions and several hair-bases;
6, S. nutans X 128, lamina near margin
showing adaxial intercostal bulliform
cells, clearly differentiated adaxial
and abaxial palisade mesophyll and the

dense nature of the chlorenchyma.

1, from Hennessy 400; 2, from Hennessy
408; 3,4, from L. Smook 1055; 5, from
M.McCallum-Webster s.n.; 6, from

A 1A AL
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Leaves

Differences in anatomical structure of
leaves of Southern African species of Scleria
appear to be associated with the habitats of
the plants. Lamina profiles of all Southern
African species are shown in Fig. 43, and

anatomical features of the laminas of these

species are summarised in Table V and illustrated

in Figs. 28, 34, 35, 36, 44, 45, 46, 47. Those
perennial species which inhabit more-or-less
permanently wet habitats in open, frost-free

areas, S. poaeformis, S. greigiifolia, S.

melanomphala, and the annual aquatic species

S. lacustris have broad leaves, in which the
mesophyll is differentiated into palisade and
more-or-less well-developed aerenchyma in the

form of lobate or stellate cells which in

S. poaeformis and S. lacustris break down to

form large air cavities. Scleria ftoliosa,

another, less robust annual species, of
seasonally wet habitats, has less brocad leaves
but also possesses palisade and stellate
mesophyll and schizogenous air cavities. The

stellate mesophyll of S. greigiifolia in the

the specimens examinred remains intact. In

S. melanomphala only those specimens collected

from truly wet localities have stellate
mesophyll, while those from slightly drier

localities have spongy mesophyll of the more



248.
usual type.

Koyama (1967) tentatively classified
members of the Sclerieae into three types on
the basis of mesophyll structure : Type A
in which the mesophyll is not differentiated
into palisade and spongy portions (a condition
considered by him to be the least specialised)
Type B in which the mesophyll is differentiated
into palisade and spongy portions and Type C
in which the mesophyll is differentiated into
palisade and spongy portions and the cells of
the spongy portion are markedly lobate or
stellate with large intercellular air spaces,
which he considers to be the most specialised

type. Using his criteria, S. poaeformis, S.

greigiifolia, S. lacustris and S. foliosa belong

to Type C and S. melanomphala, depending upon

its habitat belongs to either Type B or Type C.
This flexibility indicates that production of

Type C mesophyll in S. melanomphala may be a

response dictated by ecological fators

(Kawase and Whitmoyer, 1980).
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Another broad-leaved species which occupies
permanently wet habitats is the shade-dwelling
swamp-forest species, S. angusta. Anatomically
the leaf is distinguished from the leaves of other
species which are fundamentally similar by the
possession of wings which extend beyond the true
margin on each side of the lamina. Several other
species from areas outside Southern Africa have
such winged leaves and as far as I am able to
determine all are shade-dwellers, which suggests
that wing production with its associated
anatomical peculiarities may be a device to
increase the photosynthetic capacity éf the plants
in the low light intensities of their forest
environment by increasing leaf surface area and

volume.

Anatomical and morphological evidence
(Fig. 3 G) suggests that the wing may have
originated by lateral growth of laminar tissue
in the region external to the major marginal
vein, the new tissue being supplied with ramuli
from the main marginal vein. Since the
orientation of the vascular bundles in the
wing varies, some bundles having their phloem

poles directed towards the abaxial surface
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(normal), some having their phloem poles directed
towards the adaxial surface (inverted) and some
bundles lying obliquely, and since the wing is
amphistomatic whereas the lamina proper is
hypostcmatic it is suggested that there has been
infolding of the new tissue and connation in the
plane of the contact faces. This hypothesis is

illustrated diagrammatically in Fig. 48.

The Southern African species whose leaf
anatomy except for the absence of wings is
fundamentally similar to that of S. angusta are

are S. transvaalensis, S. natalensis, S. achtenii

8. lagoensis and 5. unguiculata. All but one are

perennial plants of warm or at least partially
sheltered damp habitats whose aerial parts do
not usually die back in winter. The exception

is S. transvaalensis, whose aerial parts may, in

the less favourable habitats in which it occurs
in parts of the Transvaal, die back in winter.
The most striking anatomical character which

these species, S. angusta and S. melanomphala

have in common is that except for the region
overlying the sclerenchyma strands or girders of
major vascular bundles, and the extreme marginal
area, the adaxial epidermis is wholly bulliform.
Such leaves are in effect hypostomatic. All

have both palisade and =pongy mesophyll of the
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type designated by Koyama (1967) as Type B,

although one species, S. unguiculata has some

markedly lobate cells in the spongy tissue such
as are characteristic of the Type C condition.
The laminas of all five species and of S. angusta
are thickest in the angle region and the major
vascular bundle in the angle has an adaxial
sclerenchyma strand remote from the bundle cap.
This feature is also shared by the previously
mentioned species, S. lacustris, and by some

specimens of S. melanomphala. The leaves of some,

but not all, plants of S. angusta and S.

transvaalensis have large translucent cells

subjacent to the adaxial epidermis in the median
groove and in the angle region, a feature shared
by S. lacustris and in a more extreme form, S.

poaeformis and some specimens of S. melanomphala

of those species previously mentioned. In
addition, S. angusta may have translucent cells
subjacent the abaxial bulliform cells which are

present near the true margin of the lamina.

With the exception of S. lacustris and S.
foliosa which are annuals, all the species mentioned

thus far are more-or-less robust perennial. with

evergreen (except S. transvaalensis) aerial parts

and all except S. transvaalensis are restricted in

their distribution to warm, wet, subtropical or

tropical areas. They comprise all the Southern
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African representatives of section Scl=:ria, section

Acriulus (S. greigiifolia) ard section Schizolepis

(S. angusta).

All other species in Southern Africa fall
within section Hypoporum and with the exception

of S. pergracilis var. brachystachys which is

annual, all have perennial rootstocks and rather
slender, annual aerial parts which die back under

unfavourable climatic conditions.

Although several of these species have
distinctive types of leat anatomy few clearly
defined groups can be discerned as there is

intergradation between types.

All the species avre amphistomatic. Two

species, S. woodii and S. pergracilis var.

brachystachys have V-shaped lamina profiles while

all the others have flanged V-shaped profiles.
The profiles of these two species differ in that
the V-shaped profile of the leaf cof S. woodii is

narrow whereas that of S. pergracilis var.

brachystachys is somewhat flattened. One species,

S. veseyfitzgeraldii has the arm of the flange

much longer than the arm of the V whereas all
others with flanged laminas have the arm of the

V longer than or equalling the flange. Two
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species, S. woodii and 5. welwitschii have
bulliform cells restricted to the median adaxial
groove whereas all others have the adaxial
epidermis bulliform except where interrupted by
stomata and where overlying mechanical tissue.
One species, S. aterrima, has translucent cells
subjacent Lo the adaxial epidermis in the median
groove and intercostal regions, which feature

distinguishes this species from all others. Three

species, 5. pergracilis, S. welwitschii and some

e
specimens of S. dregeana lack palisade mesophyll

(mesophyll Type A of Koyama, 1967) while all

others except S. veseyvfitzgeraldii have Type B

mesophyll and of these, two species, S. nutans
and S. rehmannii have palisade differentiated
both adaxially and abaxially whereas the rest
have adaxial palisade only, or, if some palisade
is differentiated abaxially it is confined to

the margin region and the midrib region.

4.3.1. Leaf Surface

Prickles (barbs) generally present
at leaf margins, especially towards leaf
apex, on lateral ribs adaxially and midrib
abaxially, the walls invariably silicified
(Fig. 50 E) and the lumina sometimes more-

or-less filled wilh amorphous silica.
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Fig. 49. Phase - contrast photomicrographs of leaf
epidermes of some amphistomatic Scleria spp.
viewed after treatment with phenol to reveal
silica-deposits which show up as pale,

highly refractile areas.

A. S. woodii C.B.Cl. (Hennessy 400); adaxial epidermis;
intercostal region with relatively few
stomatal files ; crescentiform silica deposits
in sinuousities of anticlinal walls; sub-
sidiary cells silicified and guard cells

partly silicified. (X 260)

B. S. woodii C.B.Cl. (Hennessy 406); abaxial epidermis
showing costal and intercostal regions;
stomata more numerous than in adaxial
epidermis : short cells present in inter-
costal files, their lumina filled with

silica. (X 260)

C. S. bulbifera Hochst. ex A. Rich. (Hennessy 407);
adaxial epidermis with files of bulliform
cells alternating with stomatal files in
intercostal region : silica deposition as

in A. (X 260)

D. S. bulbifera Hochst. ex A. Rich. (Hennessy 407);
abaxial epidermis showing costal and inter-
costal regions : apices of conical silica
bodies in costal cells visible as white

dots (X 260)

E. S. poaeformis Retz. (Hennessy 374); adaxial

epidermis showing costal and intercostal

regions with stomatal files : gilica
deposition as in A : cells relatively small
(X 260)

F. S. sobolifer E.F. Franklin (Ward s.n.); abaxial

epidermis showing costal and intercostal

regions with short cells present in inter-

costal files as in ' (X 260)
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Fig. 50. Phase - contrast photomicrographs of leafl epidermes of some
hypostomatic Scleria spp. viewed after treatment with
phenol to reveal silica-deposits which show up as pale

highly-refractile areas.

A. S. achtenii De Wild. (Ward 5508); abaxial epidermis showing

- intercostal regions with stomata in files, and
costal region of narrower cells with scattered
unicellular hairs : stomatal subsidiary cells filled
with silica, guard cells partly silicified. Costal
and intercostal cells with silica deposits in the
sinuosities of the anticlinal walls : costal cells
with conical bodies based on inner periclinal walls

visible as shadows because not in focus. (X 260)

B. S. natalensis C.B.Cl. (Hennessy 410);  abaxial surface; silica
deposits as in A. (X 260).

C. S. melanomphala Kunth (Ward 8874); adaxial surface, intercostal

region without stomata; sinuosities in anticlinal walls
heavily silicified; few spherical silica bodies in

lumina of some cells (X 260) .

D. S. melanamphala Kunth (Ward 8874); abaxial surface with stomata

in intercostal regions; conical silica bodies with
satellite rings in costal cells : sinuositiec in anticlinal
walls silicified : subsidiary cells and guard cells
silicified as in A. (X 260)

E. S. angusta Nees ex Kunth (Ward s.n.); adaxial surface showing
silicified marginal barlts; no stomata; cells with
heavily silicified tangential walls not markedly sinuous

(X 260).

]
0]

. angusta Nees ex Kunth (Ward s.n.); abaxial surface showing
files of costal and intercostal cells, stomata with
silicified subsidiary cells and guard cells; crescentiform
silica bodies in sinuosities of anticlinal walls of
costal and intercostal cells; hemispherical silical
bodies based on transverse anticlinal walls of some cells

and shadowy conical bodies in costal cells (X 2An)
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Hairs confined to certain species
(see Chapter 60) : when present more
numerous in, or restricted to narrow
zones adjacent to the principal ribs and
the margins : only one type of hair seen,
namely, thick-walled, flexuous, uni-
cellular type with inflated base, the wall
silicified (Fig. 50 A) and the lumen sometime

more-or-less filled with amorphous silica.

Stomata usually more numerous 1in
abaxial than in adaxial surface of
amphistomatic species, absent from adaxial
surface except possibly extreme margins
of other (hypostomatic) species;
invariably paracytic, the subsidiary
cells broadly triangular to dome-shaped
in the same specimen, silicified; guard
cells also silicified (Figs. 49, 50);
arranged at intervals in longitudinal
files of cells lying parallel to the long

axis of the leaf in all species.

Silica bodies of several types.

1) conical bodies based on inner
periclinal walls of cells overlying

sclerenchyma associated with vascular
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strands invariably present, 1-2 or up to
4 per cell, usually with a "ring" of
satellites (Fig. 50 D). Maceration has
shown that the inner periclinal wall is
silicified and the conical bodies are
therefore based on a siliceous plate;
the satellite "ring" is a thicker,
verrucose zone of silica which is raised
above the surface of the baseplate with
the cone standing proud in its centre.
2) Coarsely verrucose/echi:ulate bodies
which are sometimes spherical but more
often more-or-less hemispherical,
solitary or more often paired, the two
members of a pair separated from each
other by the thickness of the anticlinal
wall between their bases (Fig. 50 F). 3)
Amorphous or finely granular silica
present in some cells, more-or-less
completely filling their lumina. 4)
Small siliceous bodies, usually
crescenlitorm, in the sinuosities in
anticlinal walls of intercostal cells
(Figs. 49, 50). 5) Other types of silica
deposits include the amorphous deposits
in the lumina of subsidiary cells and
guard cells of stomata. The walls of

all epidermal cells of all species examined
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are silicified, so that maceration yields

sheets of cell-shells.

Epidermal cells seldom more than

slightly elongated, those overlying the
sclerenchyma associated with v.b's
narrower than those of intercostal regions
abaxial epidermal cells of most species
sm;ller than adaxial; adaxial cells
bulliform in median adaxial groove in all
species; all adaxial cells from median
groove to major marginal v.b. bulliform
except those overlying sclerenchyma in
lateral rib in seven species (see Key);
some adaxial cells other than those in
median groove bulliform in twelve species
(see Key) and bulliform cells restricted
to median adaxial groove in four species
(see Key). Heavily silicified short
cells such as may occur in grasses
(Metcalfe, 1960) which are more-or-less
isodiametric have been found in both
epidermes of three species, S. woodii

(Fig. 49 A,B), S. pergracilis and S.

sobolifer (Fig. 49 F). Anticlinal walls
of all epidermal cells sinuate, the degree
of sinuation more marked in intercostal

celis and varying from species to species
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the lobed sinuations reported (Metcalfe,

1971) for S. welwitschii not detected in

material examined.

Papillae such as reported by Metcalfe
(1971) not detected in any species, but
solitary, non-protruberant dome-shaped
cells next to and in the same files as
stomata present in all species in small
numbers, often filled with amorphous

silica.
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Descriptions of Leaf Anatomy

4.3.

B

Scleria woodii

LEAF SURFACE (Fig. 49 A,B)

Amphistomatic, stomata paracytic;

subsidiary cells more-or-less triangular,
short cells presenl in intercostal files in

both surfaces. Silica bodies : ccnical

bodies, without satellites present in cells
overlying sclerenchyma in both surfaces.
1-2 per cell; amorphous silica present in
lumina of short cells; small crescentiform
bodies present in sinuosilies in anticlinal

walls of long and short intercostal cells.

T/S LAMINA (Fig. 43, 4; Fig. 34 A; Fig. 47

Narrowly V-shaped, thickest towards the
obtuse subcqual margins; keel obtuse.
bpidermis : adaxial cells slightly larger
than abaxial cells, bulliform cells restricted
to median groove, with cells overlying
sclerenchyma conspicuously smaller than the
remainder; abaxial cells slightly smaller
than most adaxial cells, the smallest over-

lying sclerenchyma. Hypodermis : nil.

Sclerenchyma : eccentric median v.b. with

crescentiform girder to one side of keel

apex. and with small adaxial rectangular girder
major v.b's nearest margins with abaxial
pulvinitform or triangular girders and

adaxial pulviniform strands; other major
v.b's with variously shaped abaxial and
abaxial girders, or abaxial girders and
adaxial strands; minor v.b's nearest midrib
with abaxial pulviniform girders and no
adaxial sclerenchyma; one minor v.b. in

margin in each half of lamina with no
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adaxial sclerenchyma; one minor v.b. in
margin in each half of lamina with an
adaxial pulviniform strand and other minor
v.b's without associated sclerenchyma.
Mesophyll : chlorenchyma differentiated as
palisade and spongy tissue, the palisade
1-2 rows deep adaxially and abaxially,;
spongy tissue composed of slightly lobed

cells. Air cavilivies not developed except

for small sub-stomatal cavities. Vascular
bundles c¢. 10 in each half of the lamina,
the major v.b's oval or pyriform, the minor

v.b's rounded. Bundle sheaths : inner

sheaths fibrous, outer sheath: parenchymatous

Secretory cells numerous in chlorenchyma.

Scleria welwitschii

LEAF SURFACE

Amphistomatic, stomata paracytic;

subsidiary cells more-or-less triangular.

Silica bodies : conical bodies present 1-2 per

cell, without satellites, in cells overlying
sclerenchyma associated with v.b's in both
surfaces; small crescentiform bodies in

sinuosities in anticlinal walls of inter-

costal cells.

T/8 LAMINA (Fig. 43 3; Fig. 28, b; Fig. 47 2

Flanged V-shaped; keel prominent
obtuse; margins rounded, equal. Epidermis
adaxial not conspicuously larger than
abaxial cells but those overlying sclerenchyma
smaller than remainder; bulliform cells

restricted to median adaxial region.
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Hypodermis : nil. Sclerenchyma : median v.b.

with eccentric descending crescentiform
abaxial girder and adaxial rectangular or
pulviniform girder; other major v.b's with
abaxial pulviniform or triangular girders and
abaxial pulviniform or securiform girders;
minor v.b's on each side of major marginal
v.b. in each half of lamina without
sclerenchyma, other minor v.b's mostly

with abaxial and abaxial girders, or with
abaxial girders and no adaxial sclerenchyvma
or the converse, or rarely, without
sclerenchyma. Mesophyll : chlorenchyma
spongy throughout, the cells slightly lobed,

very densely packed. Air cavities : only

small substomatal cavities present. Vascular
bundles : c¢. 9 in each half of the lamina,

oval or rounded. Bundle sheaths : inner

sheath fikrous, outer sheath parenchymatous,
those of major v.b's of some specimens
extended to epidermis as sheaths to

sclerenchyma girders. Secretory cells numerou

in chlorenchyma.

Scleria rehmannii

LEAF SURFACE

Amphistomatic, stomata paracytic,
subsidiary cells more-or-less triangular.

Silica bodies : conical bodies present, 1-2

per cell in both epidermes, some with low
satellite ring; numerous hemispherical
echinulate bodies in pairs in intercostal
cells in both surfaces, the two members of

each pair separated by the thickness of
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the anticlinal wall lying between their
bases; small crescentiform bodies in
sinuosities in anticlinal walls of intercosta

cells.

T/S LAMINA (Fig. 43 7)

Flanged V-shaped, the flanges slightly
shorter than the arms of the V; margins
unequal, one broad, obtuse, the other
tapered abruptly downward to an acute point;
keel prominent, rounded. Epidermis : most
adaxial cells much larger than adaxial,
bulliform except where overlying sclerenchym
and where interrupted by stomata and at
margin; abaxial cells smaller, smallest over

sclerenchyma. Hypodermis : nil. Sclerenchym

median v.b. with eccentric descending
crescentiform or broadly subtriangular girder
and adaxial rectangular girder; other major
v.b's with abaxial rectangular or sub-
triangular girders and adaxial securiform

or subtriangular girders; minor v.b's

in arms of V and in flange with abaxial
subtriangular or rectangular girders except
one small v.b. next to major marginal v.b.

on each side of lamina without associated
sclerenchyma; minor v.b's in margin several,
the largest with adaxial cap and bulbiform
strand, the remainder (3 in each margin)
without associated sclerenchyma. Mesophyll
chlorenchyma differentiated as palisade and
spongy tissue, the palisade of 1-2 rows
adaxially and abaxially; spongy tissue
composed of strongly lobed cells; stellate
achlorophyllous tissue present in the

vicinity of the lateral ribs. Air cavities

only small substomatal cavities present
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in specimen examined but the presence
of stellate achlorophyllous tissue
suggests that air cavities may develop in

this species. Vascular bundles c. 14

in each half of lamina, the median v.b.
much larger than other major v.b's;
major v.b's oval or pyriform, smaller

v.b's rounded. Bundle sheaths : inner

fibrous, outer parenchymatous, those of
major v.b's sometimes continuous around

associated sclerenchyma. Secretory cells

numerous in chlorenchyma.

Scleria longispiculata

LEAF SURFACE

Amphistomatic, stomata paracytic;
subsidiary cells more-or-less triangular.

Silica bodies : conical bodies present,

1-2 per cell in cells overlying sclerenchyma
associated with v.b's in both surfaces,
without satellites; numerous hemispherical
echinulate bodies in pairs in the arm of

the V in adaxial surface, the two members
of each pair separated by the thickness

of the anticlinical wall lying between

their basecs; small crescentiform bodies

in sinuosities in anticlinical walls of

intercostal cells.

T/S LAMINA (Fig. 43 8)

Flanged V-shaped, with conspicuous
median adaxial groove; flanges shorter
than the arms of the V; margins subequal,

rounded to acute; keel prominent, rounded.
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Epidermis : most adaxial cells much
larger than adaxial, bulliform except
where overlying sclerenchyma and where
interrupted by stomata and at margin;
abaxial cells smaller, smallest over

sclerenchyma. Hypodermis : nil.

Sclerenchyma : median v.b. with abaxial

massive, descending crescentiform

girder and adaxial pulviniform/bulbiform
girder; other major v.b's and most
minor v.b's with abaxial pulviniform or
subtriangular girders and adaxial
subtriangular girders; one minor v.b:
on each side of median v.b. with

abaxial girder only and smallest bundles
without associated sclerenchyma.
Mesophyll : chlorenchyma differentiated
as palisade and spongy tissue, the
palisade of 1-2 adaxial rows; spongy
tissue of slightly lobed cells. Air
cavities not developed except for small

substomatal cavities. Vascular bundles

c. 12 in each half of lamina, the
larger v.b's oval, the smaller rounded.

Bundle sheaths : inner sheaths fibrous,

outer parenchymatous. Secretory cells

numerous in chlorenchyma.

4.3.2.5. Scleria bulbifera

LEAF SURFACE (Fig. 49 C,D)

Amphistomatic, -tomata paracytic;
subsidiary cells more-or-less triangular.

Silica bodies : conical bodies present,

2-4 per cell in cells overlying sclerenchym
associated with v.b's in both surfaces,

usually without satellites; very numerous



269.

hemispherical echinulate bodies in pairs
in both epidermes, the two members of

each pair separated from each other by

the thickness of the anticlinal wall lying
between their bases; few spherical
echinulate bodies in adaxial cells;

small crescentiform bodies in sinuosities

in anticlinal walls of intercostal cells.

T/S LAMINA (Fig. 43 9)

Flanged V-shaped, the flanges slightly
shorter than the arms of the V; the
margins rounded, subequal; keel prominent
rounded. F[pidermis : most adaxial cells
much larger than abaxial, bulliform
except where overlying sclerenchyma and
where interrupted by stomata and at margins;
abaxial conspicuously smaller than adaxial,

smallest over sclerenchyma. Hypodermis

nil. Sclerenchyma : median v.b. with

eccentric abaxial pvlviniform/securiform
‘girder and small adaxial pulviniform
girder; major v.b's in ribs with small

or large abaxial pulviniform girders and
adaxial securiform or pulviniform girders;
major marginal v.b's with abaxial
pulviniform girder, adaxial pulviniftform
strand and with or without small adaxial
cap : minor marginal v.b. with adaxial
pulviniform girder or strand; minor

v.b. on flange side of major marginal v.b.
without associated sclerenchyma; other
minor v.b's with abaxial pulviniform
girders and with or without small adaxial
caps. Mesophyll : chlorenchyma differentiat
as palicade and spongy tissue, the palisade
adaxial, of 1-2 rows; spongy tissue

composed of slightly lobed cells. Air
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cavities not developed except for small

substomatal cavities. Vascular bundles

c. 1C¢ in each half of the lamina, the
major v.b's oval or pyriform, the smaller

ones rounded. Bundle sheaths : inner

sheaths fibrous, outer sheaths

parenchymatous. Secretory cells numerous

in chlorenchyma.

Scleria veseyfitzgeraldii

LEAF SURFACE

Amphistomatic, stomata paracytic;

subsidiary cells more-or-less triangular.

Silica bodies : conical bodies present in

cells overlying sclerenchyma associated
with v.b's in both surfaces, 1-2 per cell,
usually with a satellite ring; few
amorphous masses more-or-less filling the
lumina of some large adaxial cells; small
crescentiform bodies present in sinuosities

in anticlinal walls of intercostal cells.

T/S LAMINA (Fig. 43 12)

Widely flanged V-shaped, the flanges
much longer than the arms of the V,
thickest in the region of the major marginal
v.b.; tapering abruptly to a downward-
directed point at the margins; keel
prominent, obtuse. Epidermis : adaxial
cells unequal in size, bulliform in the
median groove, with alternating files of
bulliform cells and stomata in intercostal
regions and with smallest cells overlying

sclerenchyma; abaxial cells smaller than
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most abaxial cells, the smallest overlying

sclerenchyma. Hypodermis : nil. Sclerenchyma:

median v.b. with abaxial descending
crescentiform girder, with or without small
adaxial cap; major v.b's near margin and in
ribs with abaxial pulviniform girders and
adaxial pulviniform or securiform strands;
one large v.b. nearest rib in flange region in
each half of lamina with abaxial pulviniform
girder and adaxial pulviniform or securiform
girder; minor v.b's in arms of V with
abaxial pulviniform girders and no adaxial
sclerehchyma; minor v.b's in flange mostly
with abaxial pulviniform girders and adaxial
pulviniform strands, or rarely with both
abaxial and adaxial strands; the smallest
without sclerenchyma and the marginal minor
vib's with adaxial strands and no abaxial
sclerenchyma. Mesophyll : chlorenchyma
differentiated as palisade and spongy tissue,
the palisade of 1-2 adaxial rows; the spongy
tissue composed of strongly lobed cells.

Air cavities not developed except for small

sub-stomatal cavities. Vascular bundles

c. 14 in each half of the lamina, the major

v.b's oval or pyriform, the minor v.b's

rounded. Bundle sheaths : inner sheaths

fibrous, outer sheaths parenchymatous.

Secretory cells numerous in chlorenchyma.

4.3.2.7. Scleria dreégeana |,

LEAF SURFACE

Amphistomatic, stomata paracytic;
subsidiary cells more-or-less triangular.

Silica bodies : conical bodies present, 2-4

per cell in cells overlying sclerenchyma
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associated with v.b's in both surfaces, with
low satellite ring; numerous hemispherical
echinulate bodies in pairs especially in
adaxial epidermis, the two members of each

pair separated from each other by the thickness
of the anticlinal wall lying between their
bases; few spherical echinulate bodies in
adaxial cells; small crescentiform bodies in
sinuosities in anticlinal walls of intercostal

cells.

T/S LAMINA (Fig. 43 11; Fig. 30 a; Fig. 47 3,4)

Flanged V-shaped, the flanges shorter and
slightly thicker than the arms of the V;
the margins subequal, rounded; keel prominent,
acute or rounded. Epidermis : most adaxial
cells much larger than abaxial, bulliform
except where overlying sclerenchyma and where
interrupted by stomat.a and at margins;
abaxial cells conspicuously smaller than
adaxial, smallest over sclerenchyma. Hypodermi

nil. Sclerenchyma : median v.b. with abaxial

descending crescentiform girder which in some

specimens is eccentric (K.D. Huntley 425);

major v.b's in ribs with abaxial pulviniform
girders and with adaxial securiform or sub-
triangular or sub-T-shaped girders; major
marginal v.b's with abaxiai pulviniform girders
and with adaxial subtriangular or sub-T-shaped
girders or with small cap and pulviniform
strand; minor v.b's with abaxial and adaxial
girders, or with abaxial girders and adaxial
strand or with abaxial girder, or the marginal
minor v.b. with adaxial girder, or the minor
v.b's on cither side of the major marginal

v.b. without associated sclerenchyma. Mesophyl
chlorenchyma either spongy throughout, composed

of slightly-lobed cells, or with a single
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layer of palisade differentiated adaxially.

Air cavities not developed except for small

substomatal cavities. Vascular bundles c. 8

in each half of lamina, the major v.b's
pyriform or oval, minor v.b's oval or

rounded. Bundle sheaths : inner sheath

fibrous, outer parenchymatous. Sccrectory

cells numerous in chlorenchyma.

Scleria sobolifer

LEAF SURFACE (Fig. 49 F.)

Amphistomatic, stomata paracytic,
subsidiary cells morc-or-less triangular;
short cells present in intercostal files in

both surfaces. Silica bodies : conical bodies

present 1-2 per cell in cells overlying
sclerenchyma associatcd with v.b's in both
surfaces; usually without satellites;
spherical echinulate bodies fairly numerous

in adaxial cells; amorphous silica present

in lumina of short cells; small crescentiform
bodies present in sinuosities in anticlinal

walls of intercostal cells.

T/S LAMINA (Fig. 43 14)

Flanged V-shaped, the flanges slightly
shorter and thicker than the arms of the V;
the margins subequal, broadly rounded; keel
prominent, rounded. Epidermis : most adaxial
cells much larger than adaxial, bulliform
except where overlying sclerenchyma and where
interrupted by stomata and at margins; abaxial
cells conspicuously smaller than adaxial,

smallest over sclerenchyma. Hypodermis : nil.

Sc¢lercenchyma : median v.b. with abaxial slightly

eccentric low pulviniform girder and adaxial
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pulviniform girder; major v.b's in ribs with
abaxial pulviniform/rectangular girders and
adaxial bulbiform strand, with or without tiny
adaxial cap; major marginal v.b's with abaxial
pulviniform girders and either adaxial
crescentiform cap (Egzg 4737) or adaxial
bulbiform strand, with (Ward 4935) or without
(Baijnath 126; Arnold 467) tiny zdaxial cap;
minor v.b's with abaxial pulviniform girders
except v.b's on each side of major marginal
v.b's which either lack associated sclerenchyma
or (Arnold 467) the marginal minor v.b. with
adaxial bulbiform strand. Mesophyli
chlorenchyma differentiated as palisade and
spongy tissue; palisade of 1 adaxial row,
spongy tissue of slightly lobed cells. Air
cavities not developed except for small

substomatal cavities. Vascular bhundles c.

7-8 in each half of lamina, the major v.b's

oval, the smaller ones rounded. Bundle sheaths

inner sheaths fibrous, outer parenchymatous,

sometimes continuous arcund asssociated

sclerenchyma. Secretory cells numerous in

chlorenchyma.

Scleria pergracilis var. brachystachys

LEAF SURFACE

Amphistomatic, stomata paracytic;
subsidiary cells more-or-less triangular;
numerous short cells present in intercostal

files in both surfaces. Silica bodies

conical bodies without satellites present in
cells overlying sclerenchyma in both surfaces,
1-3 per cell; amorphous silica present in
lumina of short cells; small crescentiform
bodies present in sinuosities in anticlinal

walls of intercostal cells.
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T/S LAMINA (Fig. 43 10)

Broadly V-shaped, thickness more-or-less
uniform; the margins subequal, obtuse; keel
obtuse. Epidermis : most adaxial cells much
larger than abaxial, bulliform except where
overlying sclerenchyma and in files in which
stomata and short cells are situated; abaxial
cells smaller than most adaxial cells, smallest

over sclerenchyma. Hypodermis : nil,

Sclerenchyma : median v.b. with massive

descending crescentiform girder; major v.b's
nearest margins with abaxial pulviniform girder
and adaxial bulbiform strands; some v.b's

with abaxial and adaxial girders, or abaxial
girder and adaxial strand; some with abaxial
girders only; those on each side of the major
marginal v.b. without sclerenchyma and one or
two others without sclerenchyma. Mesophyll
chlorenchyma spongy throughout, of slightly

lobed cells. Air cavities not developed except

I'or small substomatal cavities. Vascul ar
bundles : ¢. 7 in each half of the lamina,

oval or rounded. Bundle sheaths : inner

sheaths fibrous, outer parenchymatous, sometime
more-or-less continuous around associated

sclerenchyma. Secretory cells numerous in

chlorenchyma.

Scleria dieterlenii

LEAF SURFACE

Amphistomatic, stomata paracytic;
subsidiary cells more-or-less triangular.

Silica bodies : conical bodies present, 1-2

per cell in cells overlying sclerenchyma in

both surfaces, usually with a satellite ring;
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few large amorphous masses more-or-less
filling the lumina of some large adaxial cells;
small crescentiform bodies in sinuosities in

anticlinal walls of intercostal cells.

T/S LAMINA (Fig. 43 13)

Flanged V-shaped; the flanges slightly
thicker than the arms of the V; the margins
rounded, subequal; keel prominent obtuse.
Epidermis : most adaxial cells much larger
than adaxial, bulliform except where overlying
sclerenchyma and where interupted by stomata
and at margins; abaxial cells conspicuously
smaller than adaxial, smallest over sclerenchym

Hypodermis : nil. Sclerenchyma : median

v.b. with abaxial slightly eccentric descending
crescentiform girder and adaxial pulviniform/
baculiform girder; major v.b's in ribs with
abaxial pulviniform or subtriangular girders
and adaxial securiform or sub-T-shaped girder
or bulbiform strand; major marginal v.b's

with abaxial pulviniform or subtriangular girde
and bulbiform strand; minor v.b's with abaxial
pulviniform or subtriangular girders, or
without associated sclerenchyma. Mesophyll
chlorenchyma either not differentiated as
palisade and spongy tissue or with a single,
poorly-defined adaxial row of palisade, the
spongy tissue composed of slightly-lobed cells.

Air cavities not developed except for small

substomatal cavities. Vascular bundles c. 7

in each half of lamina, the major v.b's oval,

the smaller ones rounded. Bundle sheaths

inner sheaths fibrous, outer parenchymatous.

Secretory cells few in chlorenchyma.
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Scleria nutans

LEAF SURFACE

Amphistomatic, stomata paracytic;
subsidiary cells more-or-less triangular.

Silica bodies : conical bodies present, 1-2

per cell in cells overlying sclerenchyma
associated with v.b's in both surfaces, without
satellites; few amorphous masses more-or-less
filling lumina of some abaxial cells; few
spherical echinulate bodies present in both
epidermes; small crescentiform bodies in
sinuosities in anticlinal walls of intercostal

cells.

T/S LAMINA (Fig. 43 6; Fig. 47 0)

Flanged V-shaped, the flanges slightly
shorter than the arms of the V; the margins
subequal, broadly rounded; keel prominent,
rounded. Epidermis : most adaxial cells much
larger than abaxial, bulliform except where
overlying sclerenchyma and in files in which
stomata are situated which are most numerous
adjacent to the lateral rib on the arm of the
V, and at margins; abaxial cells conspicuously

smaller than adaxial, smallest over sclerenchy

Hypodermis : nil. Sclerenchyma : median v.b.

with abaxial pulviniform or rectangular girder
and adaxial subtriangular girder; major

v.b's in ribs and margins with abaxial
pulviniform or subtriangular girders and adaxi
oblique subtriangular girders; minor v.b's
nearest median v.b. and major marginal v.b's
without associated sclerenchyma, the remainder
with abaxial girders or, rarely, abaxial and
abaxial girders. Mesophyll : chlorenchyma
differentiated as palisade and spongy tissue,

the palisade 1-2 rows deep adaxially and
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abaxially; spongy Lissue composed of

slightly lobed ceclls. Air cavities not

developed except for small substomatal

cavities. Vascular bundles c. 9 in each

half of the lamina, the major v.b's pyriform
or oval, the minor v.b's rounded. Bundle
sheaths : inner sheaths fibrous, outer
parenchymatous, sometimes more-or-less
continuous around associated sclerenchyma.

Secretory cells numerous in chlorenchyma.

Scleria aterrima

LEAF SURFACE

Amphistomatic, stomata paracytic;

subsidiary cells more-or-less triangular.

Silica bodies : conical bodies present, 1-2

per cell, withoul satellites, in cells overlyin
sclerenchyma associated with v.b's in both
surfaces; finely particulate silica in lumina
of some adaxial bulliform cells; few spherical
echinulate bodies and very few paired
hemispherical echinulate bodies in adaxial
cells; small crescentiform bodies in sinuosili
in anticlinal walls of cells in both surfaces.

T/S LAMiNA (Fig. 43 5; Fig. 35; Fig. 47 5)

L=

I'Langed V-shapced with conspicuous median
adaxial groove; keel prominent, acute;
margins obtuse or rounded, subequal. Epidermis
most adaxial cells much larger than abaxial,
bulliform except where overlying sclerenchyma
and where interrupted by stomata and at margins
abaxial cells conspicuously smaller than adaxic

smallest over sclerenchyma. Hypodermis
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groups of inflated translucent cells in
intercostal regions subjacent adaxial bulliform

cells. Sclerenchyma : median slightly

eccentric v.b. with strongly eccentric abaxial
creg?iform girder and small adaxial cap,

othé; major v.b's and middle-sized v.b's

with abaxial and adaxial girders of various
shapes; most minor v.b's without sclerenchyma
but minor v.b's adjacent median v.b. with
abaxial girders and with or without adaxial
caps. Mesophyll : chlorenchyma differentiated
as palisade and spongy tissue, the palisade

of 1-2 rows adaxially and abaxially, the
spongy tissue composed of slightly lobed cells.

Air cavities : only small substomatal cavities

present. Vascular bundles : c. 14 in each

half of the lamina, larger and smaller v.b's
mostly alternating, the larger v.b's oval or

pyriform, the smallest rounded. Bundle sheaths

inner sheath fibrous, outer sheath parenchymato

Secretory cells prescnt in chlorenchyma.

Scleria lacustris

LEAF SURFACE

Amphistomaltic, stomata paracytic, subsidia

cells more-or-less triangular. Silica bodies

conical bodies present 1-2 per cell in cells
overlying sclerenchyma associated with v.b's
in both surfaces, with a satellite ring; very
numerous hemispherical echinulate bodies with
their bases resting against outer periclinal
walls in both surfaces; few spherical
echinulate bodies in both surfaces; small

crescentiform bodies in sinuosities in anticlin
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walls of intercostal cells. In addition, the
lumina of many cells of sclerenchyma girders/
strands filled with granular accretions ol

silica.

T/S LAMINA (Fig. 43 16; Fig. 46 1)

Widely flanged V-shaped; keel prominent,
obtuse; greater part of each half thick
especially near lateral ribs; margins rounded,
equal. Epidermis : adaxial cells variable in
size, bulliform in median region and on both
sides of ribs and those overlying sclerenchyma
much the smallest : abaxial cells less
variable but those overlying sclerenchyma

smaller than remainder. Hypodermis

represented by trabeculae of translucent cells
extending from outer sheaths of median v.b.
and major v.b's of ribs to adaxial epidermis.

Sclerenchyma : median v.b. with abaxial

descending crescentiform cap; other major
v.b's and a few minor v.b's with abaxial
pulviniform girders, small adaxial caps and
adaxial pulviniform strands, those of the

- major v.b's of ribs separated from their
bundles by translucent cells; minor v.b's
mostly without sclerenchyma but a few near
midrib with abaxial pulviniform girders and

a few with adaxial small pulviniform strands.
Mesophyll : chlorenchyma slightly differentiate
as palisade and spongy tissue, the palisade
limited to a single adaxial row in the vicinity
of the lateral rib in each half of the lamina
and a single adaxial and abaxial row near cach
margin; the spongy tissue composed of

stellately lobed cells. Air cavilties present,

formed by breakdown of stellate chlorenchyma;

substomatal cavities small. Vascular bundles
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¢c. 28 in each half of the lamina, of three
sizes; the largest oval or pyriform, the
middle-sized v.b's oval or rounded, the

smallest rounded; the larger v.b's closer

to abaxial than to adaxial epidermis, the

medium sized and small v.b's unevenly distribute
with some c¢loser to the abaxial epidermis,

some closer to the adaxial epidermis and some
about midway between the two epidermes.

Bundle sheaths : inner sheaths fibrous, outer

sheaths parenchymatous, those of larger v.b's
extended to the abaxial epidermis as sheaths

to sclerenchyma girders. Secretory cells

few in chlorenchyma.

Scleria transvaalensis

LEAF SURFACE

Hypostomatic, stomata paracytic; subsidiaz

cells more-or-less triangular. Silica bodies

conical bodies present 1-3 per cell in cells
overlying sclerenchyma associated with v.b's
in both surfaces, with a satellite ring; few
large amorphous masses more-or-less filling
the lumina of some large adaxial cells; small
crescentiform bodies in sinuosities in

anticlinal walls of intercostal cells.

T/S LAMINA (Fig. 43 23; Fig. 45 5,6)

Flanged V-shaped, the arms of the V and

the flange more-or-less equal in length;
thickest near the lateral ribs; the margins
subequal, acute; keel small, prominent, acute.

Epidermis : adaxial cells bulliform except

these overlying sclerenchyma of lateral ribs

and margins; abaxial cells smaller, the
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smallest overlying sclerenchyma. Hypodermis

nil (Arnold 336; Seagrief 18) or of large
translucent cells subjacent bulliiform cells
in median adaxial groove and in region of
lateral ribs where they may form partial
trabeculae (Miiller 2031; Gordon-Gray 06020;
Compton 24985; Smuts & Gillett 3260) .

Sclerenchyma : median v.b. with abaxial

large descending crescentiform girder, and
small or large adaxial cap or girder; major
v.b's in ribs with abaxial large crescentiform
or pulviniform girder, small crescentiform
adaxial cap and massive bulbiform strand

remote from the bundle; major marginal

v.b's with abaxial pulviniform or subtriangular
girder and adaxial subtriangular or securiform
girder; two minor v.b's in each margin with
adaxial pulviniform or subtriangular girders;
other minor v.b's with abaxial and adaxial
girders variously shaped, or a few with abaxial
or adaxial girders only and some without
associated sclerenchyma, the v.b's with
sclerenchyma more-or-less alternating with those
lacking sclerenchyma. Mesophyll : chlorenchyma
differentiated as a single adaxial row of
palisade and spongy tissue of strongly-lobed

cells. Air cavities not developed except for

small substomatal cavities. Vascular bundles

c. 20 in each half of the lamina; the

larger v.b's oval or pyriform, the smaller

rounded. Bundle sheaths : inner sheaths

fibrous, outer sheaths parenchymatous, those

of major v.b's extended as sheaths arocund

sclerenchyma girders. Secretory cells numerous

in chlorenchyma.
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Scleria natalensis

LEAF SURFACE (Fig. 50 B)

Hypostomatic, stomata paracytic;

subsidiary cells more-or-less triangular;
conical bodies present, 1-2 per cell usually
with a low satellite ring; numerous
hemispherical cchinulate bodies in pairs in
both epidermis, the two members of each pair
separated by the thickness of the anticlinal
wall lying between their bases and sometimes
with two pairs at right angles to each other
forming a "tetrad";small crescentiform bodies
in sinuosities in anticlinal walls of intercost

cells.

T/S LAMINA (Fig. 43 19; Fig. 46 4)

Flanged V-shaped, the flanges slightly
shorter than the arms of the V; thickest near
the lateral ribs; the margins subequal, acute;
keel small, prominent, acute. Epidermis
adaxial cells bulliform except those overlying
sclerenchyma of lateral ribs and margins;
abaxial cells much smaller, the smallest

overlying sclerenchyma. Hypodermis : nil.

Sclerenchyma : median v.b. with abaxial large

ascending crescentiform girder and with or
without tinv adaxial cap; major v.b's in ribs
with abaxial pulviniform or crescentiform
girders, adaxial crescentiform caps and massive
bulbiform strands remote from the bundles;
major marginal v.b's with abaxial subtriangular
or pulviniform girders and adaxial subtriangula
girders : minor marginal v.b's two in each
margin, the outer without associated sclerenchy
the inner with adaxial subtriangular girder

and small abaxial cap; other minor v.b's
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with small abaxial and adaxial girders or with
abaxial girders only, or without associated
sclerenchyma. Mesophyll : chlorenchyma
differentiated as a single adaxial row of
palisade and slightly and strongly lobed
chlorenchyma, the strongly-lobed éells in

the vicinity of the lateral ribs. Air
cavities not developed except for small sub-

stomatal cavities. Vascular bundles c¢. 16 in

each half of the lamina, oval, or the smaller
ones rounded, the median v.b. much smaller than

the other major v.b's. Bundle sheaths : inner

sheaths fibrous, outer parenchymatous, those

of the major v.b's extended as sheaths around

sclerenchyma girders. Secretory cells : numero

in chlorenchyma.

Scleria foliosa

LEAF SURFACE

Amphistomatic; stomata paracytic,

subsidiary cells more-or-less triangular.

Silica bodies : conical bodies present,

1-2-3 per cell in cells overlying sclerenchyma
in both surfaces, without satellites;

numerous echinulate plates in pairs in both
epidermes especially in arms of median V,

the two members of each pair separated by

the thickness of the anticlinal wall lying
between their bases; finely particulate

silica masses present in a few adaxial
intercostal cells; small crescentiform bodies
in sinuosities in anticlinal walls of intercost

cells.
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T/S LAMINA (Fig. 43 15; Fig. 46 2)

Widely flanged V-shaped; keel prominent,
obtuse; margins rounded, equal. Epidermis
most adaxial cells much larger than abaxial,
bulliform except where overlying sclerenchyma
strands and where interrupted by stomata and
at margin; abaxial cells conspicuously smaller
than adaxial, smallest over sclerenchyma.

Hypodermis : none seen in sections examined.

Sclerenchyma : median v.b. with abaxial

pulviniform girder and small adaxial cap.

Other major v.b's with abaxial pulviniform
girders and adaxial pulviniform strands.

Minor v.b's mostly with abaxial pulviniform
girders and no adaxial sclerenchyma except
minor v.b's nearest margin in each half of
lamina with adaxial pulviniform girder and

no abaxial sclerenchyma and one minor bundle

in each half of lamina without sclerenchyma.
Mesophyll : chlorenchyma slightly differentiate
as palisade and spongy tissue, the palisade a
single adaxial layer, the spongy tissue
composed of stellately lobed cells. Air
cavities present between many v.b's, formed

by breakdown of stellate cells. Vascular

bundles c¢. 10 in each half of the lamina, oval

or rounded. Bundle sheaths : inner sheaths

fibrous, outer sheaths parenchymatous, those
of major v.b's extendcd to epidermis as sheaths

to sclerenchyma girders. Secretory cells

few in chlorenchyma near major v.b's.
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Scleria unguiculata

LEAF SURFACE

Hypostomatic, stomata paracytic; subsidiary

cells more-or-less triangular. Silica bodies

conical bodies present, 1-2 per cell in cells
overlying sclerenchyma associated with v.b's

in both surfaces, usually with a satcllite
ring; few large amorphous masses more-or-less
filling the lumina of some large adaxial cells;
small crescentiform bodies in sinuosities in

anticlinal walls of intercostal cells.

T/S LAMINA (Fig. 43 20)

Flanged V-shaped, the flanges shorter than
the arms of the V; thinnest towards the midrib,
thickest on each side of the lateral ribs,
Ltapering abruptly to acute margins, the margins
cqual; keel prominent, obtuse. Epidcermis
adaxial cells bulliform except those overlying
sclerenchyma of ribs and margins; abaxial cells
much smaller, the smallest overlying sclerenchym

Hypodermis : nil. Sclerenchyma : median v.b.

with abaxial massive, eccentric crescentiform
girder and adaxial securiform girder; major
v.b's in ribs with abaxial very narrow
rectangular, or sub-T-shaped girders, adaxial
caps and narrow rectangular adaxjial strands
remote from the bundles; major marginal v.b's
with abaxial pulviniform girders and adaxial
securiform girders; minor marginal v.b's with
adaxial pulviniform girders; other minor v.b's
with adaxial pulviniform girders; other minor
v.b!'s in flange without sclerenchyma; minor
v.b!'s in arms of V with abaxial and adaxial gird
variously shaped or with adaxial girders and

no abaxial sclerenchyma, or with adaxial girders

and tiny abaxial strands, or without associated

sclerenchyma. Mesophyll : chlorenchyma
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differentiated as palisade and spongy tissue,
the palisade comprising a single adaxial row;
the spongy tissue composed of strongly lobed

cells. Air cavities not developed except for

small sub-stomatal cavities. Vascular bundles

c. 10 in each half of the lamina, the major
v.b's oval or pyriform, the minor v.b's rounded.

Bundle sheaths : inner sheaths fibirous, outer

sheaths parenchymatous, those of the major v.b's
extended as sheaths around sclerenchyma girders.

Secretory cells present in chlorenchyma.

Scleria achtenii

LEAF SURFACE (Fig. 50 A)

Hypostomatic, stomata paracytic; subsidiar

cells more-or-less triangular. Silica bodies

conical bodies present, 1-3 per cell in cells
overlying sclerenchyma associated with v.b's

in both surfaces, usually with a low satellite
ring; few large amorphous masses more-or-less
filling the lumina of some large adaxial cells;
small crescentiform bodies in sinuosities in

anticlinal walls of intercostal cells.

T/S LAMINA (Fig. 43 21; Fig. 36 a,b; Fig. 46 3)

Flanged V-shaped, the flanges slightly shor
than the arms of the V; thickest near the
lateral ribs; margins narrowly rounded, equal;
keel prominent, subacute. Epidermis : adaxial
cells bulliform except those overlying sclerench
of lateral ribs and margins; abaxial cells muc
smaller,; the smallest overlying sclerenchyma.

Hypodermis nil, or (Ward 7743) a few large

translucent cells subjacent bulliform cells in
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median adaxial groove. Sclerenchyma : median

v.b. with abaxial massive ascending crescentifor
girder and adaxial pulviniform or securiform
girder; major v.b's in ribs with abaxial
pulviniform girders, adaxial caps and bulbiform
strands remote from the bundles; major

marginal v.b's with abaxial crescentiform girder
and adaxial securiform or subtriangular girders
minor marginal v.b's with adaxial pulviniform
girders; other minor v.b's in flange without
sclerenchyma except those adjacent rib with
small abaxial girders; minor v.b's in arms

of V with small abaxial and adaxial girders,
mostly pulviniform or securiform, or those

adjacent the midrib without associated sclerench

Mesophyll : chlorenchyma differentiated as
palisade and spongy tissue, the palisade compris
a single adaxial row except sometimes 2-3 rows
adjacent the lateral ribs; the spongy tissue
composed mainly of slightly lobed cells except
near the lateral ribs where the cells are

strongly lobed. Air cavities not developed

except for small substomatal cavities. Vascular
bundles c¢. 12 in each half of the lamina, the
major v.b's oval or pyriform, the minor v.b's

rounded or oval. Bundle sheaths : inner sheaths

fibrous, outer sheaths parenchymatous, those
of major v.b's extended as sheaths around

sclerenchyma girders. Sccretory cells present

in chlorenchyma.
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Scleria lagoensis

LEAF SURFACE

Hypostomatic, stomata paracytic; subsidiary

cells more-or-less triangular. Silica bodies

conical bodies present, 1-3 per cell in cells
overlying sclerenchyma associated with v.b's

in both surfaces, usually with a satellite ring;
few large amorphous masses more-or-less filling
the lumina of some large adaxial cells; small
crescentiform bodies in sinuosities in anticlinal

walls of intercostal cells.

T/S LAMINA (Fig. 43 22)

Flanged V-shaped, the flanges slightly short
than the arms of the V; thickest near the
lateral ribs and the submarginal region; the
margins rounded, unequal; keel small, prominent.
acute. Epidermis : adaxial cells bulliform
except those overlying sclerenchyma of lateral
ribs and margins; abaxial cells much smaller,

the smallest overlying sclerenchyma. Hypodermis

nil. Sclerenchyma : median v.b. with abaxial

massive ascending crescentiform girder and with
or without very small adaxial cap; major v.b's
in ribs with abaxial crescentiform or pulvinifor
girders, adaxial crescentiform caps and bulbifor:
strands remote from the bundles; major marginal
v.b's with abaxial crescentiform or pulviniform
girders and small bulbiform strands remote from
the bundle : minor marginal v.b's with small
adaxial pulviniform or securiform girders,

and in one margin, a minor v.b. without
associated sclerenchyma; minor v.b's adjacent
to the lateral ribs without sclerenchyma, most

of the remainder with abaxial pulviniform girder
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and no adaxial sclerenchyma. Mesophyll
chlorenchyma differentiated as palisade and
spongy tissue, the palisade comprising a single
adaxial row; the spongy tissue composed of
slightly lobed cells except near major lateral
ribs and towards margins where the cells are

strongly lobed. Air cavities not developed

except for small sub-stomatal cavities.

Vascular bundles c¢. 14 in each half of the

lamina, oval or the smaller ones rounded; the
median v.b. much smaller than the other major

v.b's. Bundle sheaths : inner sheaths fibrous,

outer sheaths parenchymatous, those of the major
v.b's extended as sheaths around sclerenchyma

girders. Secretory cells present in chlorenchym:

Scleria melanomphala

LEAF SURFACE (Fig. 50 C,D)

Hypostomatic, stomata paracytic; subsidiar;

cells more-or-less triangular. Silica bodies

conical or dome-shaped bodies present, usually

1 per cell in cells overlying sclerenchyma
associated with v.b's in both surfaces, each bod;
based on a more-or-less circular, coarsely
echinulate plate the diameter of which almost
equals that of the cell; small spherical and
hemispherical bodies present in intercostal
cells; small crescentiform bodies in sinuositie

in anticlinal and periclinal walls of intercosta

cells.

T/S LAMINA (Fig. 43 17; Fig. 45 3,4,5)

Flanged V-shaped, the flanges and the arms
of the V subequal; not conspicuously thicker

in the region of the lateral ribs, the margins
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rounded, equal; keel prominent, subacute.
Epidermis : adaxial cells bulliform except those
overlying sclerenchyma of lateral ribs and
margins; abaxial cells smaller, the smallest

overlying sclerenchyma. Hypodermis absent from

plants of drier habitats; present as large
translucent cells subjacent the adaxial epidermi:
(also sce Mesophyll) in plants of wet habitats.

Sclerenchyma @ median v.b. with abaxial massive

ascending, straight or descending crescentiform
girder and adaxial pulviniform girder; major
v.b's in lateral ribs and near margins with
abaxial pulviniform girders and adaxial pulvinif
or bulbiform (in rib) girders, or adaxial
bulbiform strands in rib : 2-3 minor v.b's on
either side of major marginal v.b. without
sclerenchyma; the remainder with abaxial
pulviniform girders and adaxial subtriangular
girders; or with abaxial girders and no adaxial
sclerenchyma; or without sclerenchyma. Mesophy
chlorenchyma differentiated in "dry" form as
palisade and spongy tissue, the palisade
comprising 2-3 adaxial rows and 1 abaxial row
limited to marginal and midrib regions; the
spongy tissue composed of strongly lobed cells
in plants of wet habitats chlorenchyma and
achlorophyllous cells present, the achlorophyllo
cells of two types, namely, large, oblong or
round cells forming conspicuous trabeculae, and
stellately lobed cells filling (in the young lea
the mid-laminar region not occupied by chlorench

or trabeculae. Air cavities except substomatal

cavities absent from "dry" form; very large and
conspicuous cavities formed by breakdown of
stellate translucent cells in mature leaves of

wel form. Vascular bundles ¢. 20 in each half
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of the lamina, the major v.b's oval or pyriform,

the minor v.b's oval or rounded, Bundle sheaths

inncr sheaths fibrous, outer sheaths
parenchymatous, those ot major v.b's extended
as sheaths around sclerenchyma girders. Secretor

cells present in chlorenchyma.

Scleria poaeformis

LEAF SURFACE (Fig. 49 E)

Amphistomatic, stomata paracytic, subsidiar)

cells more-or-less triangular. Silica bodies

conical bodies present, usually 3 per cell in
cells overlying sclerenchyma associated with
vascular bundles (v.b's) in both surfaces, usual.
with a ring of satellites; crescentiform bodies
in sinuosities in anticlinal walls of intercosta

cells.

T/S LAMINA (Fig. 43 2; Fig. 44 1,2,3)

Widely flanged V-shaped with prominent V-
shaped keel; greater part of each half thick
but thinning on either side of midrib; margins
gradually tapered to narrowly rounded ends, equa
Epidermis : adaxial cells not conspicuously larg
than abaxial cells; cells overlying sclercnchym
only slightly smaller than remainder; bulliform
cells restricted to median adaxial region.

Hypodermis of 3-4 layers of translucent cells

subjacent median adaxial bulliform cells (also

see Mesophyll). Sclerenchyma : median v.b. with

abaxial ascending crescentiform strand, abaxial
cap and adaxial cap : largest adaxial v.b's

with abaxial crescentiform cap, with or without

adaxial cap and with pulviniform adaxial strand;
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middle-sized adaxial v.b's with or without abaxial
;;;;;;;EEform cap and with adaxial pulviniform
strand separated from v.b. by trabeculae of
translucent cells, with or without adaxial cap,

or with adaxial pulviniform girder (v.b. 1

from margin), or without adaxial sclerenchyma;
smallest adaxial v.b's without sclerenchyma or

with very small adaxial caps : l§§§9§g_§9§§igl
v.b's with abaxial securiform girders, with or
without adaxial crescentiform caps and with
adaxial pulviniform or triangular (v.b. of
angle region) strand separated from v.b. by

trabeculae of translucent cells; middle-sized

or with abaxial pulviniform, sub-T or triangular
girders, without or rarely with adaxial caps,

or without sclerenchyma : §T§ll§§§-§9§§i§l_!;9l§
without sclerenchyma : vascular bundles situated

pole and very small cap at xylem pole, or with
small cap at phloem pole and no sclerenchyma at
xylem pole, or without sclerenchyma. Mesophyll
chlorenchyma and achlorophyllous translucent
tissue present; chlorenchyma differentiated as
palisade and spongy tissue, the palisade 3-4
rows deep adaxially and abaxially, the spongy
tissue composed of stellately lobcd cells
situated in a narrow zone subjacent the palisade
layers and adjacent to the trabeculae;
achlorophyllous translucent cells of two types,
namely, large oblong or round cells of the same
type as the hypodermis, extending froﬁ adaxial
poles of largest v.b's to adaxial epidermis
forming very conspicuous trabeculae or partial
trabeculae, and stellately lobed cells with
silicified walls filling (in the young leaf)
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the mid-laminar region not occupied by

chlorenchyma or trabeculae. Air cavities

very large and conspicuous, located between
adjacent trabeculae in the mature leaf,
formed from breakdown of stellate translucent
cells, with few to many relict stellate
translucent cells present in them; sub-
stomatal cavities small and well defined.

Vascular bundles c. 318 in each half of

the lamina, of three sizes, the largest
oval or pyriform, the middle-sized v.b's
oval or rounded, the smallest rounded;
distributed adaxially, abaxially and in

the trabeculae. Bundle sheaths : inner

sheaths fibrous; outer sheaths parenchymatous,
those of large v.b's extend to the epidermis
nearest them as sheaths to sclerenchyma.

Secretory cells : conspicuous in

chlorenchyma, most numerous towards margins.

4.3:2.22. Scleria greigiifolia

LEAF SURFACE

Amphistomatic, stomata paracytic,

subsidiary cells more-or-less triangular.
Silica bodies : conical bodies present,

1-2 per cell in cells overlying sclerenchyma
associated with vascular bundles (v.b's)

in both surfaces, usually without but
sometimes with a ring of satellites;

finely particulate silica masses present

in a few auaxial 1intercostal cells;

small crescentiform bodies in sinuosities

in anticlinal wall of intercostal cells.
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T/S LAMINA (Fig. 43 1; Fig. 44 4,5,6)

Widely flanged V-shaped; keel
prominent,, rounded; -margins rounded,
equal. Epidermis : adaxial not conspicuously
larger than abaxial cells but those
overlying sclerenchyma smaller than
remainder, bulliform cells restricted to

median adaxial region. Hypodermis absent,

or comprising a single layer of translucent
cells subjacent median adaxial bulliform

cells. ‘Sclerenchyma : median v.b. with

abaxial pulviniform girder and adaxial
small pulviniform girder; other major
v.b's with abaxial pulviniform or sub-T-
shaped girders or partial girders and
adaxial triangular, sub-T-shaped girders
or partial girders, the girders of the
major marginal bundles more massive than
the rest; minor v.b's mostly without
sclerenchyma; .a few with sub-T-shaped
or triangular adaxial girders and rarely,
with very small abaxial caps. Leaf
margins without sclerenchyma. ‘Mesophyll
chlorenchyma differentiated as palisade
and spongy tissue, the palisade 2-3

rows deep adaxially, the spongy tissue
composed of stellately lobed cells.

Air cavities : none in chlorenchyma;

substomatal cavities small and well-

defined. Vascular bundles c¢. 27 in each

half of lamina, oval or pyriform, of

2 distinct sizes, principal and minor
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v.b's mostly alternating. ‘Bundle

sheaths : inner sheath fibrous;

outer sheath parenchymatous, those
of principal v.b's extended to
each epidermis as sheaths to
sclerenchyma girders. Secretory
cells frequent in chlorenchyma,
most numerous in vicinity of

v.b's with one end in contact

with a cell of the outer bundle
sheath.

Scleria angusta

LEAF SURFACE (Fig. 50 E,F)

Hypostomatic (except wing

which is amphistomatic), stomata
paracytic, subsidiary cells more-
or-less triangular. Silica
bodies : conical bodies present,
1-3 per cell in cells overlying
sclerenchyma associated with
v.b's mainly abaxial, usually
with a ring of satellites;
hemispherical echinulate bodies
in pairs in abaxial epidermis,
the two members of each pair
separated from each other by the
thickness of the anticlinal wall
lying between their bases; .small
crescentiform bodies in sinuosities
ol" anticlinal walls of abaxial

intercostal cells.
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Widely flanged V-shaped with additional
lateral wings; keel small, prominent, acute;
margins (of wings, not true margins of leaf)
gradually tapered to narrowly rounded points.
Epidermis : adaxial of true lamina bulliform
except overlying sclerenchyma strand at angle;
abaxial of conspicuously smaller cells with
those overlying sclerenchyma smaller than
remainder : adaxial and abaxial cells of wing
like thosc of abaxial surface of truec lamina
except for a conspicuous abaxial group of
bulliform cclls adjacent the Lrue lamina.

Hypodermis : absent or comprising a single

layer of translucent cells subjacent adaxial
bulliform cells of midrib region, and subjacent

abaxial bulliform cells of wing. Sclerenchyma

median v.b. with ascending crescentiform abaxial
girder (which is sometimes eccentric) and
adaxial crescentiform cap; v.b. opposite
largest adaxial rib in each half of lamina with
pulviniform or rectangular girder, adaxial
crescentiform cap and massive adaxial pulvinifor
strand remote from v.b.; most other v.b's of
true lamina with pulviniform, triangular, or
sub-T-shaped abaxial girders and without

adaxial sclerenchyma, but a few with tiny
adaxial caps, or strands and usually one in

the flange of the true lamina with both abaxial
and adaxial girders, and one, obliquely

oriented v.b. in the true margin with a
crescentiform cap at each pole, and a few withou
any sclerenchyma : in wing some v.b's with
abaxial and adaxial triangular girders; some
with abaxial triangular or pulviniform girders
or strands and without adaxial sclerenchyma or,
rarely, with tiny adaxial caps; some with

adaxial traingular or pulviniform girders only
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and a few without any sclerenchyma. Pointed
apices of margins of wings completely filled
with well-developed sclerenchyma strands.
Mesophyll : chlorenchyma differentiated as
palisade and spongy tissue, the palisade
adaxial, 2-3 rows deep in the true lamina,
less well developed in the wings; the spongy
tissue composed of strongly-lobed cells.,

Air cavities : none obvious apart from small

substomatal cavities. Vascular bundles ¢. 23

in each half of true lamina plus c¢. 17 in each
wing (i.e. c. 81 altogether in T/S) oval or
rounded, those opposite adaxial ribs much
larger than remainder, orientation of v.b's
in true lamina normal, with phloem pole
abaxial, except for v.b. nearest the true
margin which is oblique; orientation of v.b's
in wing various, some normal, some inverted

and some oblique. Bundle sheaths : inner

sheaths fibrous; outer sheaths parenchymatous,
those of major v.b's extending to epidermis

as sheaths to sclerenchyma girders. secretory

cells numerous in chlorenchyma.
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4.3.3. Key to the Southern African species of Scleria

based on anatomy ol lLaminas

Bulliform cells of epidermis

restricted to median adaxial

BT OOVE 4 et v st eomennesnnnensnnosssenas

Bulliform cells of epidermis

not restricted to median

adaxial Groove ... .iiiiiiiii e anasaaan

Lamina V-shaped in profile ....... S.

Lamina flanged V-shaped in profile

Stellate cclls absent from

mesophyll ........... et e e o v o e e e S.

Stellate cells present in

mesophyll ........... Gt e e s

Trabeculae of translucent cells
traversing lamina transversely;

vascular bundles on both sides

of lamina and in trabeculae....... S,

Trabeculae of translucent cells
absent; +vascular bundles in a
single series midway between

adaxial and abaxial surfaces

welwitschii

poaeformis

pgreigiifolia
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Adaxial epidermis from mcdian

groove to major vascular bundle
of true margin uninterrupted by
stomata; all cells bulliform

except those overlying sclerenchyma

strand in angle Tegiomn .. ..eener i inerniernrnronnns 6

Adaxial epidermis from median
groove to major marginal
vascular bundle interrupted by

stomata; some bulliform cells

present intercostally . ....eiirernrenenreneneennss 8

Abaxial epidermis with bulliform

cells near true margin of lamina .. S. angusta
Abaxial epidermis without
BUulliform Cells v it eeieteeeeeenoeeeensonnsoanoesa 7
Lamina thickest at angle; major
vascular bundle of angle region
with adaxial sclerenchyma strand
remote from adaxial sclerenchyma
CAP v et ettt et st e e e . S. achtenii
S. unguiculata
S. lagoensis
S. natalensis
S. transvaalensis
Lamina not noticeably thicker at
angle; major vascular bundle of
angle region usually with adaxial
sclerenchyma girder ............... S. melanomphala
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10.

11.

11.

12.

12.
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Bulliform cells restricted to

median groove and angle region ....

Vi

lacustris

Bulliform cells not thus

restricted ..... e I

o)

Hypodermis of large translucent
cells present, subjacent median
adaxial bulliform and adaxial

intercostal epidermal cells ....... S. aterrima

Hypodermis of large translucent

cells absent ..o v v i it etetnoeecs st ee e 10

Lamina widely V-shaped in profile . S. pergracilis var.
brachystachys

Lamina (langed V-shaped in profile

Major vascular bundle of angle
with abaxial sclerenchyma girder;
adaxial sclerenchyma strand

remote T7rom bUNALE e et i vnetteentoeronenos 1aseas 15

Major vascular bundle of angle
with abaxial and adaxial

sclerenchyma girders

Palisade absent or poorly

differentiated
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13.

14.

14.

15.

15.

16.

16.
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Palisade adaxial and abaxial ...... nut ans

rehmannii

Palisade adaxial only ......iiii it tnneeneennnanss 14

Minor vascular bundle mostly with
both abaxial and adaxial sclerenchyma

girders ... ..iieiiiiii it e S. longispiculata

with
Minor vascular bundles mostlyAabaxial

girders; adaxial caps or strands... S. bulbifera
Length of arm of V less than length

of flange; number of minor bundles

in flange between major bundle of

angle and major bundle of margin 6-7

(8); palisade present; substellate

cells present.......... s et ac e S. veseyfitzgeraldii

Length of arm of V exceeding or
equalling length of flange; number
Fag

or minor bundles in flange between

major bundle of angle and major

bundle of margin 1-3 (4) ... 16
Stellate cells present in mesophyll;

palisade present .................. S. foliosa
Stellate cells absent from

mesophyll; palisade present....... dieterlenii

It

sobolifer
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51.

Plan of L/S ovary of Scleria natalensis

(Hennessy 410) with single, basal,

anatropous, bitegmic ovule.

OP outer, multilayered zone of pericarp
isolated cell shown in surface vicw and

in L/S view

MP middle, few-layered, secretory and
vascularised zone of pericarp : isolated
cells shown in surface view and in L/S view

IP idinner, single-layered zone of pericarp
isolated cells shown in surface view and
in L/S view.

S  stipe

P pedicel
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Fig. 52.

305.

Photomicrographs of ovary of Scleria

natalensis (Hennessy 410)

L/S ovary, ovule, hypogynium, stipe

and pedicel (X 20)

L/S pericarp showing three zones,
outer multilayered zone, inner,
single-layered zone of translucent
cells and middle, few-layered zone
comprising secretory cells and

vascular strands (X 128)

L/S solitary basal bitegmic
crassinucellate anatropous ovule

with curved micropyle (X 52)

Tangential section of part of
pericarp showing cells of outer
zone (right) and middle zone

(1eft) (X 320)

Tangential seclion of part of
pericarp showing secretory cells

of middle zone (X 320)

Tangential section of part of
pericarp showing cells of inner

zone (X 320)
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53. Photomicrographs of T/S stipe and base

of ovary of Scleria natalensis

(Hennessy 410) (all X 52)

A. proximal part of stipe with numerous

vascular traccs

B. stipe shortly above base showing

vascular traces converging

C. distal part of stip with vascular
traces organised in six strands,
three large and three small, and
silicification apparent towards

centre of stipe

D. section through base of ovary
with hypogynium lobe on right
(unsilicified) and ovule in
centre with its single vascular

strand on right.
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4.4. Flowers

A.4.1. Staminate flowers

Flowers reduced to 3, 2 or 1 stamen;
each stamen receiving one vascular strand
receptacle with two vascular bundles, one
of which branches to produce a third
strand if three stamens present, or with
a single vascular bundle in specics with

a single stamen per flower.

4.4.2. Pistillate flowers (Fig. 51; Fig. 52 A-F)

['lower reducced to a stipitate ovary
with a terminal, three-branched style;
the stipe trigonous without hypogynous
disc or lobes, or obpyramidal with
hypogynous disc or lobes ¢laborated
distally. Stipe parenchymatous except
for vascular strands (see vasculature);
placenta in median axile position deeply
seated wilhin tissue of stipe (intcrpreted
by Blaser, 1941, as a perigynous tendency).
Pericarp of three clearly-deiined zones;
outer zone multilaycered, of parencliyma
cells wilth wavy radial walls, the cells
flat and shallow, without air-spaccs,

with chloroplasts when young; middle



309.

zone of 2- few layers of thin-walled
cells morphologically like cells of
outer zone but densely packed with
secretory products, the zone traversed
longitudinally by vascular strands (3),
the dorsal carpel bundles (Blaser, 1914);

inner zone of a single layer of deep,

thin-walled ceclls which are elongate in
the plane of the circumference of the

ovary, with tapered ends. Vasculature;

proximal part of stipe with numerous small
traces (Fig. 53 A,B) which converge in
groups as they pass upwards to form

three large and three smaller vascular
strands (Fig. 53 C); +t1he three large
(dorsal carpel bundles, Blaser, 1941)
passing upwards in the angles of the
stipe, dipping once towards the junction
of the stipe with the body of the achenc
before ascending through the pericarp
into the style; the three smaller
vascular strands (ventral carpel bundles,
Blascr, 1941) passing upwards through the
stipe to the placenta where they converge
to form the single vascular strand of the

solitary ovule (Fig. 53 D).
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Fig. 54.
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Scanning Electron Micrographs of silicified achene
shells of Scleria spp. after removal of organic
matter by maceration. A-E. 8. woodii (Hennessy

409); F. S. melanomphala (Ward 5077)

Shell of mature achene with inner layer of
pericarp intact and outer layers of pericarp
removed from viewing side revealing the
silicified outer tangential walls of cells of
the inner pericarp and silicified radial and
tangential walls of cells of the multi-layered
middle and outer pericarp and stipe (X 30)

Shell of mature achene broken more-or-less 1in
half to reveal the silicified inner tangential

walls of cells of the inner pericarp (X 40)

Quter surface of outermost layer of pericarp
of immature achene showing thinly silicified
outer tangential walls of cells and wavy cell-

outline (X 450)

The same layer viewed from inside, showing
proud-standing silicified, wavy radial walls,
with inner tangential walls absent or partially

present as very thin siliceous layers with
pitting evident (X 450)

Inner surface of inner layer of pericarp of
mature achene showing silicified inner tangential

cell walls and cell outlines (X 220)

Portion of pericarp of immature achene showing
proud-standing silicified radial walls of
remaining cells of inner layer of pericarp,
their tangential walls removed by maceration
because not silicified, and underlying cells
of middle zone of pericarp with silicified

radial walls, their tangential walls also absent

because not yet silicified (X 100)
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4.5.

Fruit

1.

312.

Induration of the Fruit (Fig. 54 A-F)

wWhen the achenes has attained its
full size the style is shed and induration
commences at the distal end and proceeds
progressively until finally the stipe
becomes silicified and the attachment of
the achene to its pedicel is severed.
Silica is deposited in and on the outer
periclinal walls of the epidermal cells
and on their radial walls and the radial
walls of the cells of the underlying
pericarp layers. Silicification of the
inner tangential wall of the cells of the
outermost layer and of outer and inner
tangential walls of more deeply seated
cells proceeds progressively. 1In the
early stages unsilicified areas in these

walls appear as "pits" (Fig. 54 D).

The only cells of the achene (excluding
the seed) which remain unsilicified at
maturity are those of the free margin or

lobes of the hypogynium when one is present

(Fig. 10 A-C).
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Silica deposition in epidermal cells may be
even (Fig. 10 A,C,E), or there may be
nodular accretions standing proud as
papillate protrusions from the outer

surface of the achene (Fig. 10 G,H).

4.5.2. Trichomes

Achenes of some species are hirsute
(see Chapter 4). A hair is an unicellular
derivative of an enlarged epidermal cell,
the outer tangential wall forming the hair-
shaft. At maturity only the radial walls
and inner tangential wall of a hair cell
become silicified (Franklin, 1979, Figs.
2-20). In some species inflated epidermal
cells may occur the outer tangential walls
of which are not produced as hair-shafts.
The outer tangential walls of such cells are
either not silicified, or thinly silicified

and collapse inwards at maturity (Fig. 10 H).

Discussion

Among the diagnostic anatomical characters
listed by Metcalfe (1960) as being of importance
and significance were those to be seen in surface-

view preparations of the leaf epidermis and in
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transverse sccticns of the lamina taken midway
between its apex and the position where the lower
end of the lamina joins the sheathing base of the
leaf. -Some useful characters were also revealed
in transverse sections of the culm, while the
rhizome and the root provided few characters of

diagnostic value.

In this study, transverse sections of the
lamina have proved to be most useful in revealing
characters of diagnostic value at supraspecific
and specific levels and culm anatomy has
contributed some information of value, but root
and rhizome anatomy, except in certain species,
have provided little useful information, and
features of sobole anatomy appear to be of

value only at the species level.,

Certain anatomical features of laminas and
culms which have diagnostic value at the
species level, are associated with ecological
conditions, and may not be constant. 1In
particular this is true of the type of
mesophyll/ground tissue present. Stellate
achlorophyllous cells in mesophyll tissue
are present only in hydrophytes and are always
associated with actual or potential schizogenous
air cavities. 1In one species examined,

S. melanomphala, plants collected from drier
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habitats and those from wet habitats showed
differences in the type of mesophyll present.
Similarly, hypodermal translucent cells and
trabeculae or partial trabeculae of translucent
cells have been found only in plants from wet
habitats. -The occurrence of palisade chlorenchyma
in addition to spongy chlorenchyma may be an

advanced condition.

Another tendency seen in laminas of large
hydrophilous plants in which the thickness of
the lamina is greatly increased by the
development of aerenchyma and air cavities,
is the arrangement ol vascular bundles in more
than one horizontal row. 1In S. lacustris the
tendency is apparent (Fig. 43 16); in

S. melanomphala (wet form only, Fig. 45 5) it

is incipient, and in S. poaeformis (Fig. 43

2) it is very well developed.

In culms, the chlorenchyma is invariably of
the same type as in the lamina of the same
plant. Hydrophytes may have what has been
described by Metcalfe (1971) as "net-type"
translucent ground tissue. ‘This type of
tissue breaks down to form large central air
cavities, but the ground tissue of some species
which is not of the net-type may do the same

if the plant is growing in wet conditions.
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Great caution should, therefore be employed in
attributing taxonomic value to those anatomical

characters which may vary with ecological conditions

Certain anatomical characters have greater
constancy and these, used in conjunction with
evidence from other, such as morphological, sources,

are a valuable aid in classification.

Among the characters with reliable diagnostic
value among Southern African species ol Scleria

are: -

1. +the mid-lamina profile.

2. the relative cell sizes in different
parts of the epidermis, particularly
on the adaxial as compared with the

abaxial suriace.

3. the occurrcnce of stomata in both
upper and lower epidermes or their

restriction to the lower epidermis.

4. the continuity or otherwise of the
outer, parenchymatous bundle-sheath

around the associated sclerenchyma.

5. the devlecopment, in otherwise
dorsiventral leaves, of a pseudodorsiventral

extension beyond the true margin.
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6. the occurrence, in culms, of a
sub-peripheral ring of sclerenchyma

linking adjacent vascular bundles.

The shape of sclerenchyma girders/strands as
a means of distinguishing taxa among Southern
African representatives of the genus is of limited
value, since the same basic shapes occur among
all the taxa, and there may be variation even in
the two halves of the same lamina in the same
transverse seclion (Fig. 43). The repetition of
similar shapes of sclerenchyma girders/strands
among many species of diverse habit and habitat
points to the essential homogeneity of the genus.
Lven Lhe sub-T-shaped and subtriangular girders
thought by Metcalfe (1.c.) to be characteristic

of Scleria greigiifolia which was treated as a

separate, monotypic genus, Acriulus greigiifolius,

can be found among other species of Scleria

(Fig. 43 3,4,18,20,21,23).

Other indications of homogeneity are the
occurrence in all species examined of paracytic
stomata with broadly-triangular to dome-shaped
cells, and of a range of the same types of silica

bodies in all specics.
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Epidermal prickles, although varying in size
and number from species to species, are structurally
alike, consisting of an inflated base with a short
antrorse barb. ‘Epidermal hairs, in the species
in which they occur, are also alike, being thick-

walled, unicellular, with an inflated base.

Despite morphological differences, achene
structure in all species examined is fundamentally
alike. Whether the manner of induration of the
pericarp is unique to the genus I am unable to
say. Survey of literature has not yielded any
reports of similar types of silicified achenes
in other genera. -I{ the wholly silicified
pericarp of Scleria (excluding the lobes of the
hypogynium in those species which possess one)
is unique, its occurrence serves to emphasise the

homogeneity of the genus, including S. grcigiifolia.

Diffi ulties in obtaining fresh material for
fixation have prevented systematic survey of
ultrastructural features which provide evidence
of photosynthetic pathways. The laminas of only
two species, 5. sobolifer and S. natalensis, have
been investigated by TEM, and the mestome sheath
of both specimens suggested C3 type ultrastructure.
At light microscope level, no evidence of a radiate
arrangement of chlorenchyma such as may indicate

C4 metabolism was observed in any species.
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On the basis of anatomical structure, it is
postulated that from an ancestral stock of
hygrophilous herbs with slender culms having
little mechanical tissue, possessing dorsiventral
leaves with narrow laminas with a V-shaped
profile, with spongy mesophyll of slightly lobed
cells, with the cells of the adaxial and abaxial
epidermes more-or-less equal except for bulliform
cells which were restricted to the median
adaxial groove, with stomata more-or-less equally
distributed in both surfaces, two major
evolutionary lines have developed, one of which
comprises more-or-less hygrophilous taxa which
have retained the ancestral slender structure
and narrow leaves, (Line A), and the other,

(Line B), which culminates in hydrophilous
taxa some of which have attained stout stature
and broad laminas. ‘Within both lines some

taxa have retained some primitive characters.

Twelve of the twenty-three species of Scleria
recorded from Southern Africa can be assigned to
Line A, which comprises slender, hygrophilous iorms,
usually of open, grassland habitats. All are

amphistomatic. 'Two, S. woodii and S. pergracilis,

have V-shaped lamina profiles and ten have flanged-
V-shaped lamina profiles. Two, S. woodii and

S. welwitschii, have ad- and abaxial epidermal

cells more-or-less equal with bulliform cells.
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restricted to the median adaxial grocove. All

others have at least some intercostal adaxial
epidermal cells bulliform. One, S. aterrima,

which 1s more-or-less hydrophilous, has hypodermal
translucent cells subjacent to the adaxial epidermis.
Although most species have mesophyll at least
slightly differentiated as palisade and spongy
tissue, some or all specimens of four species

examined, S. welwitschii, S. pergracilis, S.

dregeana and S. dieterlenii, lacked palisade.

Of the eleven species which comprise Line B, all
have flanged-V-shaped lamina profiles. Four, S.

lacustris, S. foliosa, S. poaeformis and S.

greigiifolia are amphistomatic. Two of these,

S. poaeformis and S. greigiifolia, have bulliform

cells restricted to the median adaxial groove
whereas S. lacustris has additional adaxial bullifor:
cells in the angle region and S. foliosa has at
least some intercostal adaxial bulliform cells.

A striking feature of seven species, S. melanomphala

5. transvaalensis, S. natalensis, S. unguiculata,

S. achtenii, S. lagoensis and S. angusta is that
all the adaxial epidermal cells from the median

groove to the major marginal v.b., except those

overlying the sclerenchyma strand/girder in the angl.



region, are bulliform. -Such laminas are effectively
hypostomatic. 'The thickness of the lamina of this
group of species is greatest in the angle region,
giving the lamina profile a distinctive form

(Fig. 43). Scleria angusta differs from the other

members of this group in having an extension
beyond the true margin, of laminar tissue which
is pseudodorsiventral, a feature which by
increasing the surface area and the volume of the
lamina is likely to increasc the photosynthetic
capacity of the plant. T consider this to be an
advanced condition. All species in Line B have
clearly differentiated palisade and spongy
mesophyll, and in most, the cells of the spongy
tissue are strongly lobed, with four species,

S. lacustris, S. foliosa, S. poaeformis and

S. greigiifolia, having stellate chlorophyllous

cells and one, S. poaeformis, also having stellate

achlorophyllous cells with silicified walls.

Among the species in Line B the occurrence of
translucent hypodermal cells is not infrequent

and trabeculae or partial trabeculae of translucent

cells occur in S. poaeformis, S. lacustris and some

specimens of S. melanomphala and S. transvaalensis.

Three species, S. peaeformis, S. greigiifolia

and 5. angusta, all of them robust, -have a sub-
peripheral ring of sclerenchyma linking adjacent

v.b's in the culm. One other, S. lacustris,
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has very heavy sclerenchyma sheaths around the
major peripheral culm bundles which althsugh not
quite confluent, closely approach such a condition.
Net-type translucent ground tissue is present in

culms of S. unguiculata, 3. poaeformis. S.

greigiifolia and S. angusta. One species

S. greigiifolia has some amphivasal v.b's in the
culm, the only character which is not shared with

any of the other species examined.

‘Although there is a greater range of diversity
of features in Line B then in Line A, members
of Line B have many characters in common. Their
leaves all have clearly differentiated palisade
and strongly lobed spongy mcsophyll; which is
considered to be an advanced condition. All have
the outer, parenchymatous bundle-sheath continuous
around the sclerenchyma girders associated with
the vascular bundles, a condition rarely seen in
members of Line A. Many show anatomical features
of leaves and culms associated with hydrophily,
which is a specialised state. The development of
increased amounts of mechanical tissue in the culm
has allowed some species to attain considerable
height without having recourse to a semi-scandent

habit.
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Among Southern African members of Line A
there are fewer anatomically advanced characters
than among members of Line B, yet the taxa in
Line A are as well adapted to their habitats as

are the taxa of Line B to theirs.

Anatomical evidence therefore corroborates
morphological evidence that within Scleria,
evolution has been diphyletic from a common source.
Line A comprises species assigned on the basis
of morphological evidence to subgenus Hypoporum
and Line B, to subgenus Scleria. Of the two,
subgenus Hypoporum has retained a greater number
of primitive morphological and anatomical

characters than subgcnus Scleria.
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CHAPTER 5

Distribution

The approximately 200 species (Core, 1930;
Cronquist, 1981) of Scleria are distributed in the
tropical, subtropical and warm temperate regions of both
hemispheres in a zone extending from c. 40°N (except for
more northerly incursions in Japan and Southeast
Canada) to c. 35°S. Scleria is absent from Europe and
Asia north of the Himalayas. Within the tropics and
subtropics the genus is absent from desert areas such
as the Arabian peninsula, the Sahara, the Namib and the

Great Australian desert (see Fig. 1).

Members of sections Hypoporum (Neces) Endl. and
Scleria (Berg.) Endl. are widely distributed in the
Americas, Africa, Madagascar, Indomalaysia, China,
Korea, Japan and Australia. The single species,

S. greigiifolia (Ridl.) C.B.Cl. of section Acriulus

(Ridl.) C.B.Cl. is recorded from Africa and Madagascar.
Section Schizolepis (Nees) C.B.Cl. is represented in
tropical America and Madagascar, with a single species,
S. angusta Nees ex Kunth recorded from the African

>nd. one species, S bracteats Cav. [rom Assam,
continent, Representatives of section Ophryoscleria
(Nees) C.B.Cl. are recorded from tropical America,

Africa and Madagascar. Scction Hymenolytrum (Nees)

Core is endemic in tropical South America.

The recorded distribution of species represented

in Southern Africa is shown in Table VI.
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TABLE VI. Summary of recorded geographical range of the species of Scleria represented in Southern Africa.
S. AFRICA f E. AFRICA C & W AFRICA MALAGASY REPUBLIC | AMERICAS ASIA AUSTRALTA
S. angusta Natal i Mozambique Madagascar
Transkei ;
S. poaeformis Natal | Mozambique ;inanf)butsaii by : India Northern Territorie
i ; Zanzibar :Chﬂ”“°1°" to be | Malaya Dueensland
| Mafia Island infroduced ! | Thailand
; |
| | SPhillippines
S. lagoensis Swaziland % Zimbabwe Anglo ;Madagascar ? Brazil
| Zambia Zaire f § Colombia i
| Malawi | VenezueldI
Sudan
S. achtenii Natal : Zambia Zaire
| Mozambique
S. unguiculata Botswana I Zambia Central.Afr.Rep. i
Tanzania Togo Republic
| Sudan ! ;
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S. AFRICA |E. AFRICA C & W AFRICA MALAGASY REPUBLIC | AMERICAS ASTA AUSTRALTA
S. foliosa Transvaal |Zimbabwe Angela Madagascar India
Namibia Zambia Zaire
Mozambique Nigeria
Malawi
Tanzania
tganda
Fthiopia
S. natalensis Transkei
Natal
S. transvaalensis Natal
Transvaal
Swaziland
S. melanomphala Transkei |Zimbabwe Angola Madagascar Argentina
Natal Mal awi Zaire Brazil
Transvaal |Mozambique Central Afr. Repl Paraguay
Botswana Tanzania Nigeria
Uganda Gold Coast
Kenya Liberia




S. AFRICA E. AFRICA C & W AFRICA MALAGASY REPUBLIC | AMERICAS ASTA AUSTRALTA
S. greigiifolia Natal Zimbabwe Angola Madagascar
Zambia Zaire
Malawi
Tanzania
Uganda
S. lacustris Botswana Zambia Zaire Madagascar Cuba
Sierra Leone French
Guiana
Central Afr.Rep. Paraguay
Gabon Brazil
S. pergracilis var, Natal Zimbabwe
brachystachys
Tanzania
S. veseyfitzgeraldii | Namibia Zambia

Tanzania




S. AFRICA | E. AFRICA C & W AFRICA MALAGASY REPUBLIC | AMERICAS | ASIA AUSTRALTA
S. bulbifera Cape Zimbabwe Angola Madagascar
Transkei Zambia Zaire
Natal Mozambique Central Afr.Rep.
Transvaal | Malawi Cameroons
Swaziland | Tanzania Gold Coast
Uganda Ivory Coast
Kenya Nigeria
Ethiopia Sierra Leone
Sudan Guinea
S. nutans Transkei Zambia Zaire Madagascar Brazil
Natal Tanzania Gabon Venezuela
Transvaal | Uganda Nigeria
Sudan
S. longispiculata Namibia Zambia

Tanzani a




S. AFRTCA | E. AFRICA C & W AFRICA MALAGASY REPUBLIC | AMERTCAS | ASTA AUSTRALTA
S. welwitschii Natal Zimbabwe Angola
Transvaal | Malawi
Swaziland
S. rehmannii Transvaal Zimbabwe Angola
Namibia Zambia Zaire
Mozambique Central Afr.Rep.
Malawi
Tanzania
S. aterrima Transkei Zimbabwe Angocla
Natal Zambia Zaire
Transvaal | Mozambique Congo
Malawi Gabon
Tanzania Cameroon
Kenva Central Afr.Rep.
Llganda Nigeria

Togo

LAY 4 :'\:‘



S. AFRICA | E. AFRICA C & W AFRICA MALAGASY REPUBLIC AMERICAS | ASTA AUSTRALIA
S. aterrima Ivory Coast
(contd.)
Liberia
Sierra Leone
Guinea
S. dieterlenii Cape Zimbabwe Angola
Natal Zambia Guinea
Lesotho Sierra Leone
Trensvasl Ivory Coast
S. sobolifer Natal
S. drégeana Cape Zimbabwe Angola
Transkei Zambia Zaire
Natal Malawi
Transvaal Tanzani a
Lesotho

Swaziland

At S



S. AFRICA |E. AFRICA C & W AFRICA MALAGASY REPUBLIC | AMERICAS | ASIA AUSTRALTA
S. woodii Cape Zimbabwe Angola

Transkei Zambia

Natal Tanzania

Transvaal

0.F.S.

Swaziland

Botswana

s T
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Distribution of Hcleria in Africa

The genus is absent from the coast of Africa
bordering the Mediterrancan basin, from the
Sahara and Namib deserts, and in Southern Africa
from the arid west coast, the karroid regions

and the south-west Cape Province.

The greatest number and diversity of species
occurs in tropical latitudes (Nelmes, 1955;
1956) and within the tropics relatively few species
(Napper, 1971) are present at high (and therefore

temperate) altitudes.

Distribution of Scleria in Southern Africa

5.2.1. Definition of Southern Africa

Geographical limits of Southern
Africa territory for the Flora of
Southern Africa (F.S.A.) include the
Republic of South Africa, South West
Africa/Namibia, Swaziland, Lesotho,
Transkei and Botswana (Ross et al.,

1977).
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Distribution ol Scleria

0f the twenty-three species recorded
from this region to date, fifteen have been
found only in the summer-rainfall area
east of the twenty-seventh parallel, and
of these, six, S. angusta Nees ex Kunth,

S. poaeformis Retz., S. achtenii De Wild.,

S. natalensis C.B.Cl., S. greigiifolia

(Ridl.) C.B.Cl. and S. sobolifer E.F.
Franklin are known in the region only
from the subtropical, high-rainfall areas

of the coastbelt as far as 32°S.

Four species, S. woodii C.B.Cl.,
S. dréegeana Kunth, S. rehmannii C.B.Cl.

and S. melanomphala Kunth have been found

in the eastern summer-rainfall area and
also in damp, or seasonally damp habitats

in the northern Cape (S. drégeana),

north-central Botswana (S. woodii, S.

dregeana and S. melanomphala) and north-

eastern Namibia (S. rehmannii). Four
other species S. lacustris Wright ex

Sauvalle, S. longispiculata Nelmes, S.

unguiculata E.A. Robinson and S.

veseyfitzgeraldii E.A. Robinson are known

for our region only from north-central

Botswana or north-eastern Namibia. Of
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these, the distribution of S-

longispiculata may be controlled as much

by edaphic as by climatic factors. 1t

occurs only in Kalahari sands.

It is likely that when the area is
" better known botanically, north-central
Botswana, in particular the region around
the Okavango swamp, will prove to be far
richer in species of Scleria with both
east- and west-tropical African affinities

than present records indicate.

All but three of the species recorded
from Southern Africa are wide-ranging on
the African continent and in some cases,
beyond it (Table VI). The endemic species

are S. natalensis, S. transvaalensis,

E.F. Franklin and S. sobolifer. The other
twenty reach the southern limits of their
distribution in Southern Africa.

Robinson (1966) stated categorically that

S. welwitschii C.B.Cl. and S. drégeana,
both widespread in west, central and east
tropical Atfrica, are of southern African
origin, but whether this is indeed the
case is a question which, in view of the
present fragmentary state of knowledge

of the biological history of these and



‘914

SS

*

d4g,

D

-
<)

*BOTJIJIY UJDYJ4NOg UuT
Uo {ANQTIGS TP PapIoday

sat1ooads jJo 4dgTTEOOT
Jo

3

1TIPOOM

*123°9°0

17 33° u* 3¢

o o
'__:L‘ 5 . 26° R TR —
. | : i 1732 7
= B wory i
I F‘L‘.ﬁ. L . & ]
P 1 ‘
—y A (7] 183
‘ P u'::':.l =5 LE<T1 1835 2
Sl TP
~ —t E Ch N
13 e o3 Nl L 1228 [ razs I
g %39 ) i
s oy e | Mo L n-! L — T |'B'n ms 4
‘- ; ~ . ey | s i, _
) n 0 ws T 028 T b
Il | s | e Aaia !'mg erpoa e | o verav =
|
nm HELC] | L e oz s an % |ms Nen BT Ty
s | seme | o, Mg | e | Rasos | s il e =1 ] [P
: | = T s
l.,‘,. I ey =3 FFoT) ITor] i122, - —"I:_——rl———— |
- |22 | m I ! E | 1mE FZL e ] = i = -
L . e e e i B O R o waren: | P | = | 2234 22 Pl
e | | | 2 | ) f H P | ey r -t f‘
| | - | ] _| \ \\ ] |
I IEE) i:!z: [ s 1118 lame o J rer] o8 Tamp Tt =
I i wm, | 1"“""' e s !,.-n-s Bpon | rimees | s .....‘L_ s £ 3 23
2 o s "
TR T = 21 | 2824 e A 7 YT 5 AT A | h
= | IR e e T B Innnr.zm P -r,‘ v | e I i, | eima | ; 2 a1 pIeT T7ads N4
gl nannst MRS s it L ] Rt B s S Sl Bl M-
n, - - - L |
[?5:‘0. l:gﬂ 527 | 2823 | 2824 752% FREED FTTEL | PTET] 17558 1550 = _’1 -
o ..r._'T. T B B T T i | { ; 6% 7 e
‘. . ! o+ | T,
ms |8 e T L ;
(e - | | ap—| A E"“'"r"! - N I sl b i B o
3 1 o s 1
(¢ s ] ] ',;H-':--‘.f = e 1. | L
i) - : T I Fir 1173 T F i
i 1 | 7m8 jen? i S | | ”» u.l sty | | v | —-—
.| - ey | owng | R = LS [® I.:l

. |
LT ECT ECTH
| e r

“'“-‘.|ln
o | X

2016
LT O

Scleria
woodii C.B.CL.

3 ‘iﬁ.

ins k= -1

—-—\_{
4

S

*$EE



ut

"COTJUIY UIOYINog

*314q

95

UOTINQTI}STP POp.Iooay

JO

-3

LTYDSTMm]OM

103740

- : = 3
1= 13 14° 15° 1 18° 5 2w 2l ° u° [ 26° 277° 28 28° 31]_' ki He 35 —
T 1 ; i i1 | =1 .. ol Yooeai b, T T- 777 T [T I T~ TN |

. , — e - e iy : JMH Ty , (g o |——_... ‘1‘| ;i ‘ S i W,ﬂ
G| | | i L & i ] | [ | =
\—l'&.ntln...' .A——_,-._- et J ¢ v%'"l ol 1 Y | J J | |}\ &
——t e T || 18 =N m:\}\ 825 177 Tiazs [.g;r_. N - ____1___\#\
e | o | v [T v Al |2 v and B e Rl B = NP ol i o o
| . i \\ ]. A | | X l-u-m... | soirems |
. = —J—- m,j—“l_,g_f;;. D 1 w3 e | vezs J28 %7 Tms g t'—m =
— Ty % = 4
||315 | |I e l.mu'wn-l i, | - ] .\-—-'_\-q | -iwm PR e .t.un-. o S
shanng | EatilE — L W -
| | | | | \ A
L —r—— T 2w 5 zan- 2023 Er 2025 7028 098
I; ‘mm |2\-|-‘ | f— l (1] | e T TRARE WOLS [ SUESMRA FYTL (T Ty [0
s " | (1 S | LUl e & 1
| | | &
_l'__ —te ,“! 9 Fern] T nzz 2123 2124 225 N6 mr & | 7z 5 | )
|1|-:‘- | ::--m- | s | wromsgn | rvam !...,.r,-[ pannti o |. o an h g Rl e e nm_un{ o
| | | | 4 S TR
| | e ;
- 2271 {212 123 iz 2z 1228 th
=% R T T s [uw | e i worm | w i -
(i o . - " X 1 T u
I‘ e '| qeratie | i PRtk | wowm | | et ol I o | o 8 8
= p—= | | 1 | |
| . | l ! I
FET) 7‘;;:. | =] | m3 FET] | 2328 ETR S 39T B
715 = L ‘m‘ “ " ! |y | o (i o | e o parcias, oo, ]"'"'“’""l B ’ . |
{ | u Tagl NN S | =
__LH__p__. e / Lr [
T | |2z (241 T 438 EETREN T 2428 7438 |WW g
l oy g | e fuamaried  oR oo | Gasonos i ad s | s |'_w q_‘| ‘:umn.;.;
| Sy 2 Ty
! + + 4 .
ED ag |z‘;r R {23 2524 WD
" : Mafe fgia | PR AR Lk - o ' Ll Hid mv.lﬂ s
N
. 1. 1} . l‘ T,
<1
‘Jm Tl ESAEE O N
A...,‘A. mos | S | o s | eyl o
. _ Wi
| : |
723 il reoc] 27 2721 2728
[y Pl [ RO AL xn-_-nl',
i) Wi 2576 a7 T
SATARATED niy . ] ;AN 08T stmua e |
o T
2}9‘"’\ 34 ims 2928 29_2_1.‘1_ e
[P el asronan | e | iyn
1023 m \,
L ot an
naz J0s
y 7
M - Scleria i
1 1% . .
=, \welwitschii C.B.Cl. |
T i “
\.
e L
] 137 = i
P e e UStwTe | weTHEOMN | muceOn (STl e H19
- | | | L? | ‘ I
\ | |
| l \ | ]I 1 | _}_ . - - —s E
| ! i m A | 3% } | :
| | il A R [ i L RO A u‘
GiJ——' o T 19 200 100 460 Km | o W | | L. B
SSSROSIPSIN SIPES. Ny (I ! A S SN A -
o e Ve 13° 14 w1 72 18° 15 e e we I " 25° P FETS [

‘9L F



*S1g

LS

%
ut

UI9yInog

IV
JO UOTINQTIISTIP POPJIOOIY

1o LdaTTeooT odAg

*BOTJI

satna