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Introduction

Grasses are generally neglected by the layman because they all look the same
and do not have obvious flowers. However, the family of the grasses, Gramineae
(also called Poaceae), is worthy of attention for a number of reasons. First,
they are of huge economic importance. They are widely used for food (cereals,
fodder), ornamentals (including lawns) and construction (bamboos), while other
members of the family are known as the world’s worst weeds. The second
reason is that grasses are very abundant. Not only in species number is the
grass family one of the largest of the world (with about 10,000 species); but
they also cover a vast area, approximately 20% of the earth’s land surface,
ranging from tropical to arctic regions. They occupy a wide variety of habitats
but they are most abundant in open habitats.

The original vegetation of Singapore consisted primarily of forests
(mainly lowland dipterocarp forest) where only a few specialized forest-grass
species in low densities occurred. In the permanently open habitats such as
beaches, a few other grass species probably grew. (For a description of the
original vegetation and the impact of human activities see Corlett 1992, 1993).
Large-scale clearance of forest in Singapore started only after the British arrived
in 1819. By the 1880s only 7% of the original primary forest was left. Today,
99.8% of the original forest cover has been cleared or severely disturbed. Rivers
and even forest streamlets have been canalized or replaced by concrete drains
and many of the original beaches have been replaced by reclaimed land.

A considerable number of the native grass species are now endangered
or extinct. Ridley (1907) noticed that the majority of grass species of Malaya
(Peninsular Malaysia and Singapore) either occurred on sandy spots by the
sea or as weeds. At present, grasses are found mainly in unnatural open habitats,
such as turf, roadsides and wastelands. Turfed areas (including more than 1000
ha of golf courses) alone occupy about 18% of Singapore’s 574 km? of land
surface (Corlett 1992: 415). From this it will be clear that grasses are indeed
an important part of Singapore’s present day flora.

Ridley (1907) provided the first account of the grass family for Malaya,
followed much later by Gilliland (1971). Recently, Keng et al. (1998)
summarised the family for Singapore. Recent new records are discussed in
Duistermaat (2004). The keys provided in all works (in the latest flora treatment
unfortunately not to the species level) are very technical. Also, some quite
common species rarely seem to flower in Singapore and so cannot be identified
with the available literature.

The present guide aims to provide all the necessary information with
which anyone interested in grasses should be able to identify the species that
occur in Singapore. All species that have been mentioned for the island state
are included in this guide. The text is fully illustrated, a main key to the flowering
grasses of Singapore is continued to the species level in the generic keys, and
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a key that uses only the vegetative characters is provided. The identification
keys are designed to be user-friendly: the characters are easy-to-see (with the
aid of a handlens with 10x magnification) and are explained in a section on
Grass Morphology (p. 3) whereas descriptive terms are explained in the Glossary
(p. 19). The Key to Sterile Grass Plants is a novelty for the region. In Europe.
it has been proven possible to identify grasses on basis of vegetative parts
alone (e.g. Van der Meijden 1983). It seemed useful to develop one for Singapore
as a number of species rarely flower and roadsides and fields are mown
frequently. Species that are thought to be extinct or found only in cultivation
are, with a few exceptions, not included in this key. However, the majority of
species can be identified with this key and only in a few cases groups of species
remain (for the time being) unidentifiable when sterile. A shortened key to the
turf grasses is also included (p. 16) to facilitate the identification of turf material.
Bamboos were excluded from the present treatment, as the key in Keng er al.
(1998) seems quite satisfactory. The characters that differentiate these from
true grasses are shortly discussed. A separate section explains how to distinguish
a grass from other groups of plants that look like grasses.

The species are arranged according to their scientific name, rather than
by a common name as many do not have a common name. If an English and
Malay name is known from the literature mentioned above or from Henderson
(1954), they are included. In case more names are available priority has been
given to one that was mentioned by Gilliland (1971) or Keng et al. (1998).
English names have been checked in Mabberley (1997) to ensure they are not
in use for another species. Only one species (Pennisetum purpureum) is known
by two English names. The Malay names have been checked by staff of the
Singapore Herbarium. Only Padi Burung and Rumput Kumpai each refer to
two different species.

For reasons of convenience, the species descriptions are arranged
alphabetically, rather than taxonomically. A modern classification of the grass
family is found in Kellogg (2002). The descriptions are based on material present
in the Singapore Herbarium (SING) and the herbarium of the University of
Singapore (SINU). Almost all species descriptions are accompanied by an
illustration of a (group of) spikelet(s). A selection of species is illustrated in
colour.

The total number of accepted taxa (species, subspecies, varieties) is 134
(including 13 that have been found in cultivation only). Records are not included
in the account if no material is extant in SING or SINU or if they have only
been found cultivated in the Singapore Botanic Gardens. They are briefly
discussed under the genus. Also excluded are Eremochloa ciliaris (Buitenhuis
and Veldkamp 2001: 407; no material), Miscanthus floridulus and M. sinensis
(only cultivated in the Singapore Botanic Gardens).

It is remarkable that in the tropics grasses are largely ruderal with many
species being cosmopolitan. In relation to other plant families the grasses have
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a high (if not the highest) number of exotics: 31% of Singapore grasses are not
native. Some of them have been introduced intentionally, in Singapore for
instance as fodder for the horses of the British army or as a part of new seed
mixes for turfs. Others where brought in unintentionally, e.g. with straw and
hay for cattle, with sand for land reclamation or with potting mix. Itis unlikely,
however, that we have a complete record of all the species that have been
introduced in Singapore. Some of the exotics will have lived here for too short
a period to become noticed. If the climate is not (very) suitable for the introduced
species it cannot establish a viable population and when the import of the
fresh material ceases the species will (slowly) disappear. Other introductions,
however, are very successful. Today, 28% of the most common species are not
native whereas the commonest grass species of Singapore is probably the exotic
Axonopus compressus. This shows that not only the number of exotic grass
species is high, but that they do actually form an important part of the present
day vegetation.

The introduction of new species is an ongoing process that is only to a
certain level predictable, depending for instance on the geographical origin of
the imported material. No attempt has been made to include species in the
account that might be expected in the near future. If grasses collected in
Singapore cannot be identified with the present Field Guide, there are several
options. It could be that the plant under study is not actually a grass, or if it is
indeed a grass its characters could have been misinterpreted or the species is
more variable than described here or it might be a new record for Singapore.
In the case of new introductions the following works are recommended:
Gilliland (1971), Bor (1960) and the World Grass Species Database at the
Kew website (http://www.rbgkew.org.uk/data/grasses/grasses.ink).

Grass morphology

Vegetative parts

Grasses do not have primary roots (as in carrots, Daucus carota), only a tuft of
adventitious roots. In general grass roots are rather uninteresting except for
the ones of Lophatherum, which form small edible tubers.

The stem of a grass is called a culm. It is jointed: divided into nodes and
internodes (Fig. 1a,b). Nodes can be recognized as short, (slightly) thickened
and solid parts of the culm between the much longer internodes. The nodes
bear the leaves and, if present, roots and branches (in the leaf-axil). Before
roots at the nodes start to grow they may be seen as tiny circular pits termed
root-eyes (Plate 28, 29). Root-eyes are obvious in Saccharum species. The
internodes are generally hollow, but are solid in a few grasses (e.g. Saccharum
Sugar Cane and Themeda Tasselgrass). At the base of the culm they can be
very short (about as long as the nodes) resulting in a concentration of leaves,
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which cover all the nodes. In the upper part of the culm the internodes are
elongated.

The typical culm grows vertically: erect, or ascending from a geniculate
base. Some culms, however, grow horizontally. Horizontal culms that lie on
the soil surface are called stolons. They are generally green and the nodes root
or not and bear well-developed leaves. Culms growing horizontally beneath
the soil surface are called rhizomes. Rhizomes are generally whitish with rooting
nodes and reduced, scale-like leaves. The presence of nodes and reduced leaves
shows that rhizomes are not roots.

Branching of the culm always occurs at the nodes in a leaf axil between
the culm and the basal part of the leaf (sheath, see below). The new shoot
either grows upward to emerge at the sheath’s tip (intravaginal branching,
Fig. 2a) or else breaks through the base of the sheath and grows outward
(extravaginal branching, Fig. 2b). Rhizomes and stolons are the result of
extravaginal branching. Tufted plants, on the other hand, are the result of
intravaginal branching at the base of the culm.

Grass leaves always arise from the node, in two alternate (‘distichous’)
ranks along the culm (Fig. 3), but this is often obscured due to the twisting of
the sheath or the culm inside the sheath. The leaves are composed of three
parts: sheath, ligule, blade (Fig. 1c.d, 4).

The sheath is a tube around the culm with (slightly) overlapping margins
(only in a few species non-Singaporean are the margins united). The sheath
may be shorter to longer than the internode. The midrib may be raised or winged,
and (minute) transverse veins may be present as well (best seen with back
lighting). The throat (top of the sheath) or the base of the blade may have ear-
shaped or triangular appendages, referred to as auricles (Fig. 4d). Auricles can
be persistent or deciduous, glabrous or hairy.

The leaf blade arises on the top of the sheath. It is generally flat and
elongated (much longer than wide) with more or less prominent longitudinal
veins (parallel-nerved; only rarely, as in Scrotochloa urceolata, the blades are
pinninerved: with veins arising from the midvein). Transverse veins are
sometimes present as well. However, the presence of transverse veins in the
blade does not predict their presence in the sheath, and vice versa. The midvein
is prominent or not, is sometimes broad and white at the upperside of the blade

Figure 1. The jointed culm (stalk) of a grass.
a. nodes, b. internodes, from the nodes arise c. the sheaths with d. their blades.
Figure 2. Branching of the culm.
a. intravaginal; b. extravaginal.
Figure 3. Grass leaves arranged in two ranks or distichous.
Figure 4. Grass leaf.
a. sheath, b. blade, c. ligule, d. auricle.
Figure 5. Blade base.
a. cuneate, b. rounded, c. cordate, d. amplexicaul.
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or distinctly winged underneath. The base can be cuneate, rounded, cordate or
amplexicaul (Fig. 5). If the blade at the base is narrower than the sheath, the
sheath is termed shouldered (Fig. 6a). Sometimes the blade is much narrowed
at the base and appears stalked. It is then termed pseudopetiolate (Fig. 6b).
(This is not a true petiole, which would be at the base of the sheath). The way
the young blades emerge is constant within a species: either inrolled with one
margin overlapping the other (Fig. 7a), or folded along the midrib with the
margins meeting (Fig. 7b), or plicate (pleated; Fig. 7c).

The ligule is located at the junction of sheath and blade (Fig. 4¢) on the
side facing the culm (the adaxial side) and is either membranous and glabrous
or hairy or is just a row of hairs. Only in a few species is the ligule absent (e.g.
Echinochloa colona). A ligule even a few millimeters long is readily recognized.
Shorter ligules, however, are more difficult to see. To examine it, pull the culm
away from the blade and put your index finger on the underside of the blade’s
base while you prise open the sheath with your thumb. Pull back the blade
with the middle finger of the same hand. With your free hand you can now
hold the handlens to see the ligule (practice this first with one of the taller
grasses).

Sometimes (as in bamboos) a collar is present. This is a band of hardened
tissue on the abaxial side (this is the side furthest away from the culm) of the
top of the sheath, indicating that the blade will eventually break off at that
point (generally leaves have no callus, sheath and blade just wilt). An herbaceous
rim or a row of hairs at this place is called an external ligule (e.g. bamboos,
Paspalum conjugatum; Fig. 8).

The initial leaf (or leaves) of a culm or branch is (are) often different
from the upper leaves in having no blades and ligules. The first leaves of young
culms may be scale-like sheaths or cataphylls (Fig. 9). As growth proceeds,
normal leaves are produced. When culms branch, the first leaf of the new
shoot is produced from the adaxial side, between the new shoot and the main
culm. This prophyll is an elongated and thin sheath-like scale with two keeled
veins; its function is uncertain.

Various parts of the plant may be covered with hairs and these parts are
then called hairy. If margins or liguies have a fringe of hairs they are described
as ciliolate (with short hairs) or ciliate (with long hairs), but the difference is
gradual.

Figure 6. Leaf blade narrowed at base.
a. sheath shouldered, b. blade pseudopetiolate.

Figure 7. Young leaf blades.
a. inrolled with one margin overlapping the other, b. folded along the midrib with the
margins meeting, c¢. plicate (pleated).

Figure 8. External ligule, a herbaceous rim or a row of hairs at the abaxial side of the
sheath’s apex.

Figure 9. Cataphylls (sheathlike and bladeless bracts) at the base of the culm.
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The inflorescence will generally develop from the terminal leaf (but
see below), which is then also known as the flag leaf. It may differ from the
leaves on sterile shoots in, for example, hairiness, size or ligule length.

Reproductive parts

Flowers

Grass flowers are highly reduced. They consist of only 1—6 stamens, a single
ovary with 1—3 feathery stigmas, and/or 2—3 minute fleshy scales or lodicules.
True sepals and petals are lacking (Fig. 10a—d). The lodicules are thought to
be a reduced perianth and their function has still to be ascertained. The grass
flower is protected by two straw-coloured to green bracts. The lower bract is
called the lemma (Fig. 10e) and the upper is called the palea (Fig. 10f). The
palea has two keeled veins. The lemma and palea together with its flower is
called a floret (Fig. 10a—f). Florets are either bisexual (with stamens and ovary)
or unisexual (male with stamens only or female with ovary only) or sterile
(empty, both stamens and ovary are absent).

Bisexual florets may be cleistogamous, that is, they remain closed even
at flowering time, which results in self pollination. They are recognized by the
presence of anthers on the top of mature fruits in closed florets (e.g. Eragrostis,
Eriachne).

Spikelets

Florets are arranged in two alternate ranks on a central axis, the rachilla (Fig.
10g). At the base of the rachilla, below the lowest floret, are two empty bracts:
the lower glume (Fig. 10h) and the upper glume (Fig. 10i). The structure of
two glumes and a rachilla with one to many florets is called a spikelet (Fig.
10a—i). The structure of a spikelet can be compared with a flowering branch
(Fig. 11), with each flower in the axil of a leaf and accompanied by an extra
leaf. However, it is still unclear if the lemma and the palea are homologous to
(i.e. evolved from) these two leaves (Kellogg, 2002).

The spikelet is thus a miniature inflorescence. It is the basic unit in the
description of the grass inflorescence. Tiny as it may be, the basic pattern of a
spikelet is clear-cut. However, structures may be duplicated (as are the glumes
in bamboos) or reduced or even absent. This hampers the interpretation of the
structures and the determination of the number of florets in a spikelet (especially
the distinction between 1- vs 2-flowered). Therefore, in the main key to the

Figure 10. Grass flowers arranged in a spikelet (exploded view).
a. lodicule, b. anther, c. ovary, d. stigma, e. lemma, f. palea, g. rachilla, h. lower glume,
i. upper glume.
Figure 11. Branch with flowers in the axils of bracts and pedicels each with a bracteole.
Figure 12. Cross-section of a spikelet.
a. not flattened, b. laterally flattened, c. dorsiventrally flattened.
* = rachilla.
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flowering grasses (p. 20) whenever possible the neutral term bracts is used
instead of glumes, lemmas and paleas but in the generic keys these terms are
used as the genus description has already clarified which structures are to be
expected.

Spikelets may be sessile (not stalked) or stalked; the stalk is called the
pedicel. Spikelets or groups of sessile spikelets may be surrounded by an
involucre, which is formed of bristles or a single bract attached at the base of
the spikelet(s) and at least half as long as the spikelet. The involucre together
with the spikelet(s) it encloses is known as a bur. Generally, spikelets on the
same plant are similar (or homomorphous), but sometimes they are
heteromorphous, very different from each other (e.g. Digitaria bicornis,
Scrotochloa urceolata, Zea mays). These different types of spikelets may be
found within the same inflorescence or in separate inflorescences on one plant.

Apart from the size (length, width) of the spikelet, the shape of the spikelet
is very important for the identification of the species. The outline of the spikelet
varies from rounded (orbicular) to linear. Looking at the cross-section of the
spikelet, it can either be flattened or not flattened. A spikelet is called not
[lattened if the cross-section is rounded: all axes are equally long (Fig. 12a)
and the glumes and lemmas are generally distinctly rounded on the back. The
spikelet is called flattened if its cross-section is elliptic with one axis distinctly
longer than the other. Laterally flattened spikelets have boat-shaped glumes
and lemmas and the rachilla is (nearly) visible (Fig. 12b). When all the glumes
and lemmas are flattened to only slightly rounded on the back, the spikelet is
called dorsiventrally flattened and the rachilla is hidden deeply inside the
spikelet (Fig. 12¢). Finally, the hunch-backed or distinctly lop-sided spikelet
is called gibbous (e.g. Cyrtococcum species).

The number of florets per spikelet varies from one to a few tens depending
on the species. For most species this number is fixed, e.g. spikelets strictly 1-
flowered or (most commonly in Singapore) strictly 2-flowered (note that florets
are referred to as flowers). However, spikelets with an additional floret may
be found as abnormalities within the same inflorescence (e.g. Isachne species,
Panicum maximum). It is therefore advisable to always check several spikelets
within the same inflorescence. The number of florets is much less fixed in the
species that have 3- or more-flowered spikelets (for example, Eragrostis). The
lowest floret is referred to as the 1% floret (and 1% lemma, 1* palea), etc.

Awns are needle-like appendages or the much-narrowed continuations
of the glumes, the lemmas or the paleas. They arise either from the tip (as in
Dactyloctenium aegyptium) or in a sinus (referred to as the notch) between
two lobes at the tip of the bract (as in Chloris barbata), or from its back. They
vary in length and shape. In Singapore awns are always simple (unbranched),
either straight or geniculate (then often with a twisted basal part and terminal
bristle) and smooth or scaberulous. Bracts with very short awns (less than
0.5—1 mm long) are often called mucronate (if they are the continuation of
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the midvein only) or apiculate (if they are the continuation of midvein and a
narrow part of the bract), but the difference between these and a true awn is
gradual. The number of awns per spikelet varies from none to six.

Spikelets or parts of spikelets may be articulated, which means that they
fall off or break up at maturity. A thickened structure (the callus) often indicates
the place of articulation where either the entire inflorescence or a branch or
entire spikelet or a part of the spikelet (with the rachilla articulating or not)
breaks off.

Inflorescence

The inflorescence is the arrangement of the spikelets without any leafy bracts.
It develops within the protection of a sheath, emerging only when it is almost
ready for flowering. The main axis of the inflorescence is called the rachis (if
unbranched) or central rachis (if branched). The part of the main axis below
the first branch or spikelet is called the peduncie. The peduncle is generally
long, with the inflorescence arising well above the flag leaf.

The spikelets are either arranged directly on the rachis, or on (primary,
secondary or tertiary) branches. They are single or arranged in groups of 2—35
spikelets often with 1 sessile and 1 or more pedicelled. An unbranched
inflorescence with only sessile spikelets is called a spike (Fig. 13a), or if all
spikelets are pedicelled, it is called a raceme (Fig. 13b), and if the spikelets
come in pairs of 1 sessile and 1 pedicelled spikelet it is called a spike-like
raceme (Fig. 13c). The branched inflorescence is called a panicle and has
branches either at intervals along the central rachis (Fig. 13d) or clustered at
the tip of the peduncle (a central rachis is absent in this case, Fig. 13e). The
(central) rachis and panicle branches can be rounded, triquetrous (triangular in
cross-section) or flattened and the branches can be simple (unbranched) or
branched further.

Generally, a single inflorescence arises from the terminal leaf of a culm
or lateral branch. Sometimes, however, the terminal leaf has two or more
inflorescences (Fig. 14) or the subterminal leaves have inflorescence(s) as well.
The ultimate in this range is a spatheate inflorescence where much branched
culms with spathes (sheath-like bracts or reduced leaves) all produce a separate
inflorescence (Plate 36). The final sheath is any sheath from which axil arises
an inflorescence without any leaves or spathes. It may be the sheath of the flag
leaf or a subterminal leaf or a spathe.

Fruit

The ovary of a grass contains a single ovule that will mature into a single seed
and the ovary wall into the fruit wall. The fruit is a grain or caryopsis with the
fruit wall permanently fused to the seed coat (except in Eleusine and
Sporobolus). Only grasses have this type of fruit. It is orbicular to linear-
lanceolate in outline and flattened to round in cross-section. The hilum, the point



12 Supplement of Gardens’ Bulletin Singapore 57 (2005)

of attachment of the grain, is facing the palea. The embryo is at the base and
the starchy mass making up the rest of the fruit is the endosperm or foodstore
for the germinating plant. This is the part we eat.

Diaspore
A grass diaspore, the part that is dispersed, may be the fruit alone (e.g.
Eragrostis) or fruits together with a floret (e.g. Centotheca), a spikelet (e.g.
Lophatherum), groups of spikelets (Cenchrus, Pennisetum) or even an entire
inflorescence (Scrotochloa) depending on where disarticulation takes place.
The presence of hooks, hairs, awns and spines increases the chance of
(long distance) animal or wind dispersal. The ability to float (as in Mnesithea,
Rottboellia, Thuarea), will enhance dispersal by water. The diaspores of, for
instance, Rottboellia cochinchinensis also seem to get carried away by ants
that are attracted by elaisomes, structures that contain oily substances.

Life Forms

The absence of pronounced seasons in Singapore often makes it difficult to
establish whether a plant is an annual or a perennial. However, if at flowering
time all shoots of a plant show an inflorescence it is considered an annual.
Some annuals have more than one generation a year. The presence of sterile
shoots at flowering time, a rootstock and/or cataphylls indicates the plant is
perennial.

Making a Reference Collection of Grasses

When studying grasses it is a good idea to build up a small reference collection
or herbarium for personal use. This enables one to compare species seen at
different times and places and makes it easier to remember their names.
Collected plants should be dried and mounted on thick paper.

It is quite simple to make good collections of the smaller-sized grasses:
just collect the whole plant, including the underground organs. A blunt knife,
a small triangular trowel or a screwdriver is a useful tool to dig up the roots
and/or rhizomes, especially when clayey soil has hardened after a long period
of drought. Remove as much soil as is possible when still in the field. It is
advised to gather several specimens (‘duplicates’) and to collect both flowering

Figure 13. Type of inflorescence.
a. spike with spikelets single and sessile, b. raceme with spikelets single and
pedicelled, c. spike-like raceme with spikelets in pairs of 1 single and 1 pedicelled, d.
panicle with central rachis present, e. panicle without central rachis,

Figure 14. Terminal leaf with two panicles.

Figure 15. Two types of bamboo leaves.
a. culm leaves, b. foliage leaves.

Figure 16. Culm leaf of bamboo.
a. sheath, b. ligule, c. blade and d. auricles.

Figure 17. Tip of the leaf blade or bract.
a. bifid, b. emarginate, c. truncate, d. obtuse, e. acute, f. acuminate, g. mucronate.
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and fruiting spikelets, so that both the different parts of the spikelet (including
the anthers) as well as its disarticulation can be studied (essential in Eragrostis).
A young, emerging blade should also be included, if present, especially when
sterile material is collected. All this will increase the chance of finding the
correct name.

If the plant is too big to collect whole (or if it is impossible to reach the
lower parts), at least the inflorescence with the flag leaf and its node should be
collected. Try also to get a piece of the culm with at least two leaves, for the
flag leaf may differ considerably from the ones lower down. Be careful when
handling the leaves, as some have very sharp edges that can make very nasty
wounds.

For future reference number the collections in a notebook with a
consecutive numbering, starting with 1. Attach small pieces of paper with that
number to the plants. Date and place of collection should be recorded as well
as fieldnotes, such as habitat and any features that will be lost in the drying
process (e.g. coloration or three-dimensional shapes). At the same time, all
other parts that could not be included in the collection should be described,
such as whether the culm is single or tufted, erect or ascending, whether or not
stolons or rhizomes are present and the total length of the culm. Features that
can still be seen on the dried specimen (e.g. presence of hairs, veins etc.) need
not be recorded. If, at a later moment, you think you have collected the same
species again, do give it a new number, not the one you have employed before.
Most likely it is from another locality and therefore a different gathering.
Besides, it might even turn out to be a different species.

Collected specimens are easily dried when pressed between a single
sheet of tabloid-size newspaper. Arrange the parts so that all details can be
studied (avoid overlapping the leaves) and fold or cut the parts to fit the size of
paper used for mounting (see below). Best results are obtained when dried for
a few hours to a day in an oven at 60 "C (maximum). Without an oven, the
drying process will take a few days and the newspaper needs to be changed
every day to prevent mould from growing and to preserve some of the original
colour.

After drying, the specimens are best mounted with narrow strips of glued
paper on sheets of thick paper (A3 size) adding a label with the name and the
field notes, as well as collector’s name and place and date it was collected
(Plate 1). Store them in boxes or plastic bags in a dark and dry place; either
add mothballs or freeze them at regular intervals to prevent insects from foraging
on the collection.

You might want to send (unmounted) duplicates with the labels to a
scientific institute, like a local herbarium. They might want to keep them as
scientific records and so your efforts could become part of the national and
international heritage. The collector’s name and numbers allow for quick and
unequivocal reference to the individual collections.
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Turf Grasses

A number of characteristics make grasses especially suitable for turf and lawns.
First of all, in a number of perennial grasses the growing point of the non-
flowering culm is close to the soil surface. When mown, these grasses can
thus resprout more quickly than other plants. Furthemore, their linear leaf
blades with long fibres are better able to resist being trodden on. Finally, the
ability to form horizontal culms (rhizomes and stolons) enables grasses to
form mats. The more frequently mown the grass is, the denser the mat becomes.
When mown too low down, however, they cannot resprout and as a consequence
the turf will be damaged.

From the above it will be clear that some grass species are more suitable
for turf than others. Annual grasses, for instance, and grasses that form a single
erect stem or that grow in tufts are of no use, as they will never form a dense
mat. Only a few species, Axonopus compressus, Cynodon dactylon (including
the cultivars Tifway, Tif dwarf and Tif-fine that are commonly used in the
various parts of golf courses), Digitaria didactyla and Zoysia matrella, are
commonly used for lawns and fields in Singapore and a few more are (or
were) used infrequently. The fine-leaved grasses, such as Cynodon dactylon,
Digitaria didactyla and Zoysia matrella, produce beautiful lawns but need a
lot of maintainance. As it is difficult even for wiry weeds like Desmodium
triflorum (Lesser Clover-leaved Desmodium) to grow between the densely
arranged grass stems, they tend to cover the lawn and need to be weeded out
by hand. Also, these fine lawns are not tolerant to shade and tend to be less
resistant to intense use. Coarse turf with wide-leaved grass species, such as
Axonopus compressus and Stenotaphrum secundatum does not need regular
weeding as wiry weeds can grow underneath these grasses. Both grass species
are strong and will give good general purpose lawns. They will also grow in
light shade. It is impossible, however, to grow a lawn in deep shade. Eremochloa
ophiuroides (Munro) Hack. (Centipede Grass, Rumput Lipan, Rumput
Centipede) is also used for lawns in Peninsular Malaysia, but has not (yet)
been found in Singapore. This slow-growing species gives a rather coarse,
good lawn that is not very tolerant to wear.

The separate key to the species given here enables the user to quickly
identify turf grasses. The various cultivars of these species are, however, not
separated. As the lawn will normally be mown before the plants start flowering,
only vegetative characters are used. For older turfs in which weedy grass species
have invaded, The Key to Sterile Grass Plants of Singapore (p. 142) should be
used. Descriptions of the species (except for Eremochloa ophiuroides) can be
found in Descriptions and Generic Keys (from p. 31).
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Key to the turf grasses

la. Leaf blade 0.6—2.5(—3.0) mm wide. 2
1b. Leaf blade 3—9 mm wide. 5
2a. Ligule as a row of hairs, longest hairs at least 0.5 mm long. 3
2b. Ligule membranous, glabrous or with hairs at the tip up to 0.1 mm long.

4

3a. Sheath rounded, midrib not winged. Blade at base cuneate.
Bermuda Grass, Cynodon dactylon
3b. Sheath flattened, midrib winged, wing 0.5 mm wide. Blade at base rounded.
Centipede Grass, Eremochloa ophiuroides

4a. Ligule (0.5—)1.5—2.2(—2.5) mm long, glabrous.
Serangoon Grass, Digitaria didactyla

4b. Ligule 0.2 mm long, ciliolate. Siglap Grass, Zoysia matrella
Sa. Young leaf blade folded along the midrib. 6
5b. Young leaf blade inrolled. 8

6a. Ligule as a row of hairs, 0.5—0.7 mm long.
Centipede Grass, Eremochloa ophiuroides
6b. Ligule membranous, with hairs at the tip up to 0.1 mm long. 7

7a. Leaves glossy and (dark) green; sheath with margins in upper half glabrous
or glabrescent; blade hardly wider than sheath. Axonopus fissifolius
7b. Leaves glaucous; sheath with margins densely hairy in upper half; blade
distinctly wider than sheath.
St. Augustine Grass, Stenotaphrum secundatum

8a. External ligule present as a short-hairy fringe. 9
8b. External ligule absent. 10

9a. Nodes hairy. Ligule densely fringed.

Carpet Grass, Axonopus compressus
9b. Nodes glabrous. Ligule glabrous,

Buffalo Grass, Paspalum conjugatum

10a. Sheath 1—2.5 cm long, without transverse veins. Ligule 0.05—0.1 mm
long. Love Grass, Chrysopogon aciculatus
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10b. Sheath 4—8.5 cm long, with transverse veins. Ligule 0.5—0.8 mm long.
Creeping Panic Grass, Panicum repens

Bamboos and Grasses

Bamboos, which belong to the Bambuseae tribe in the Gramineae, are actually
grasses and not palms. Unlike palms but like the true grasses, they have jointed
culms with solid nodes and hollow internodes. Kellogg (2002) discusses their
relationship within the grass family.

Bamboos are recognized by a number of characters. First of all, they
have woody culms. Secondly, bamboos have leaves of two types (Fig. 15).
The young culm shoot is the part of the bamboo that we eat. It is covered with
scale-like leaves, which are brownish and rather rigid structures with the blade
absent or much shorter than the sheath and often triangular in shape (Fig. 15a
and 16). These culm-leaves are shed entirely when the culm hardens during
growth. The foliage leaves, on the other hand, are found on the branches higher
along the main culm (Fig. 15b). They have persistent sheaths with the blades
deciduous above the collar. The blades are green, elongate and pseudopetiolate.
Finally, the spikelets of bamboos are arranged in dense nodal clusters on a
leafless axis (Plate 2). The spikelet often has more than two glumes. However,
flowering of bamboos is rare, and therefore in their taxonomy much emphasis
is laid on the vegetative parts. If you see any flowering specimens it might be
wise to make a collection, for some flower only once in a human life time. Be
sure to collect the culm leaves, noting in your data the presence and direction
of the remnant of the blade (pointing up, down or horizontal). The hairs on the
sheath, if present, may stick to your hands. To remove the hairs, gently rub
your hands through your own hair.

The bamboos are excluded here because Keng ef al. (1998) provided a
useful key to all 19 species of bamboo known from Singapore, including those
only known from cultivation. Further information can also be found in Wong
(1995a,b) and Ohrnberger (1999).

Grasses and Grass Look-alikes

The grass family, Gramineae, can be confused with a number of other groups.
For Singapore, the sedge family, Cyperaceae, is the most relevant one. Both
have strap-shaped leaves that are differentiated into sheath and blade and the
flowers are arranged in spikelets without true sepals and petals. There are a
number of differences between the two families, but most do not hold for all
members, certainly not worldwide (Table 1).
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Table 1. Differences between grasses and sedges in Singapore.

Grasses Sedges

Culm Rounded to flattened, never  Triangular in cross-section or
triangular in cross-section rounded to flattened

Leaves In two ranks (may be In three ranks, rarely in two
obscure)

Sheath Overlapping, not fused (in Fused

margins Singapore)

Ligule Generally present and short ~ Absent or present (in Singapore
to long, sometimes absent always less than 1 mm long)

Flower Each generally subtended by Each always subtended by only
two bracts one bract (and a number of
perianth-bristles or scales can
be present as well)

Florets Arranged in two ranks Spirally arranged or in two
ranks
Fruit Fruit wall generally fused to  Fruit wall free from the seed
seed coat coat

Species from other families that could also be mistaken for grasses
because of their grass-like leaves include Blyxa alternifolia and B. auberti
(Hydrocharitaceae), Eriocaulon longifolium and E. truncatum (Eriocaulaceae),
Murdannia nudiflora and M. vaginata (and perhaps other Commelinaceae),
Philydrum lanuginosum (Philydraceae), Xyris complanata and X. pauciflora
(Xyridaceae). Most of them differ from grasses in that they have three sepals
and three colourful petals, but their petals tend to fall after flowering, and
some do have a lesser number or scale-like perianth parts. However, all these
non-sedge grass look-alikes have fruits that are different from the grasses:
namely a dehiscent capsule containing two to many seeds that are free from
the fruit wall as compared with always one seed per flower in grasses and
sedges.

If plants are not flowering or fruiting it, might be difficult to establish
beyond doubt whether they are grasses. If the sheath has free margins and a
ligule is present then the plant is a grass. On the other hand, if the sheath 1s
closed (the margins are fused) or a ligule is absent, and/or the distinction between
sheath and blade is unclear then it is probably not a grass.
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Glossary

Technical terms have been avoided as much as was possible. The use of some
general descriptive terms, however, could not be avoided. They follow in
alphabetical order. For the names of the different parts of a grass plant see the
section on Grass Morphology (p. 3).

acuminate Tapering to a point (Fig. 17f).

acute Sharply pointed (Fig. 17e).

amplexicaul Clasping the stem and the two lobes not fused (Fig. 5d).

annular Like a ring.

antrorse Pointing forwards or upwards.

ascending Gradually curving upward.

bifid Divided in two parts (Fig. 17a).

bristles Long stiff hairs (longer than 1 mm).

caducous Falling off (eventualy).

cartilaginous Hard and tough.

ciliate Fringed with long hairs.

ciliolate Fringed with short hairs.

collar-shaped The outline a band much wider than long (Fig. 18a).

cordate Heart-shaped (Fig. 5¢).

cuneate Wedge-shaped (Fig. 5a).

decumbent Horizontal and only the tip curving upward.

ellipsoid Three-dimensional body with elliptic outline.

elliptic The outline of a flattened circle, length-width ratio ¢. 1.5 and largest
width in the middle.

emarginate With V-shaped indentation at the top (Fig. 17b).

erect Upright.

fusiform Cigar-shaped and length-width ratio more than 2.

geniculate Abruptly bent upward, knee-like.

glabrescent Becoming glabrous.

glabrous Hairless.

glaucous With a waxy layer and a bluish glow.

globose Globe-shaped.

granulate Covered with small grains.

herbaceous Soft, coloured and not transparent.

heteromorphous Of dissimilar forms.

homomeorphous Of similar forms.

hyaline Thin, colourless and transparent.

indument The covering of hairs.

indurated Hardened.

keeled With a ridge.

lanceolate Length-width ratio 3—S5.
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linear Length-width ratio 10 or more and parallel sides.

membranous Thin and semi-transparent.

mucronate Ending abruptly in a sharp point that is the continuation of the
midvein only (Fig. 17g).

nodular With small rounded lumps.

nodule Small rounded lump.

oblong Length-width ratio c. 2.5 and largest width in the middle.

obtuse Blunt (Fig. 17d).

orbicular The outline circular, length-width ratio 1.

ovate The outline egg-shaped, length-width ratio c. 1.5 and largest width below
the middle (Fig. 18b).

ovoid Egg-shaped.

patent Spreading.

pectinate Margin with a row of relatively long hairs, comb-like.

punctate Covered with small dots.

reticulate Covered with intersecting lines forming the shape of a network.

rugose With irregular ridges as if wrinkled.

rugosity Irregular ridge like a wrinkle.

rugulose With irregular minute ridges as if finely wrinkled.

scaberulous With a slightly rough surface.

scabrous With a rough surface.

scrambling Climbing by sprawling over other plants or fences.

serrate Margin saw-toothed.

serrulate Margin minutely saw-toothed.

setaceous Bristle-like.

setae Short stiff hairs (up to 1 mm long).

setulose With short stiff hairs.

smooth Surface even, free from roughness, lumps, wrinkles etc.

striate Covered with narrow lines, ridges or furrows.

subglobose Almost globe-shaped.

terete Rounded in cross section.

triquetrous Triangular in cross-section.

truncate Appearing as if cut off (Fig. 17c¢).

undulate Wavy, going up and down.

winged With a flat elongation.

Key to the Flowering Grasses of Singapore

Transverse veinlets are best seen with back lighting (be sure not to look into
the sun or a lamp when using a hand lens). The terms leaves, sheaths and
blades do not include cataphylls, prophylls and spathes. Pedicel length is to be
measured on any spikelet except the uppermost of a branch where it may be
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much longer than usual. Unless stated otherwise, the size of spikelets excludes
awns if present. The adaxial side of a structure is the side closest to the axis,
the abaxial side is the side furthest away from the axis; for leaves this axis is
the culm, for inflorescence branches it is the central axis and for spikelets it is
the rachis or the branch of the inflorescence they are directly attached to.

To facilitate back tracking of the followed path in the key, the couplet
number of origin is repeated in bold print at the beginning of the couplet it
referred to if it is more than 3 couplets away.

A. Plant woody. Internodes hollow. Culm-leaf sheaths deciduous, blade absent
to shortly triangular, shorter than the sheath. Foliage leaves with sheath
persistent; blade deciduous from sheath, linear to lanceolate,
pseudopetiolate (Fig. 6). Inflorescence with spikelets arranged in dense
nodal clusters without subtending bracts (Plate 2).

Bamboos (see Keng ef al. 1998)

B. Plant herbaceous to semi-woody. Internodes hollow or solid. Culm-leaves
as foliage leaves, basal ones with sheath deciduous or not; blade
persistent, generally longer than sheath, ovate to linear, pseudopetiolate
or not. Inflorescence with spikelets single or in small groups and not
densely clustered, or spatheate and with clusters of spikelets in subtending
bracts. 1

(if not flowering see p. 142)

la. Inflorescence(s) from final sheath either an unbranched spike or (spike-
like) raceme (Fig. 13a—c), or branched with the longest branch up to 5
mm long and spikelet unawned. Ligule always present. 2
1b. Inflorescence(s) from final sheath branched (Fig. 13d,e), a panicle with
branches at least 10 mm long (sometimes with only 2 branches closely
together, as in Plate 13, 15); if panicle branches shorter then either ligule
absent or spikelet with 1—6 awns of at least 2 mm long. 24

2a. Spikelets (in groups) all surrounded by involucre of bristles or indurated
bract at least half as long as spikelet, and falling off together with them.

3

2b. Spikelets not or not all surrounded by an involucre, bristles when present
either less then half as long as spikelet or persistent on pedicel after
spikelet has fallen off (see Setaria parviflora). 4

3a. Involucre a dentate and indurated bract with bristles in lower half.
Cenchrus
3b. Involucre of many bristles only. Pennisetum
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4a. Inflorescence at base with a hard bead-like involucre enclosing 1 female
and 2 sterile spikelets; rachis continuing through pore at tip of involucre,

with 2 pairs of male spikelets. Culm internodes solid.
Coix lacryma-jobi
4b. Inflorescence at base with spikelets exposed, either involucre absent or
consisting of sterile herbaceous spikelets. Culm internodes solid or
hollow. 5

5a. Spikelets all either unawned, or awned with awn up to 1 mm long and
spikelet including awn shorter than 4 mm. (1
5b. Spikelets, at least part of them, awned, either awn at least 2 mm long or
spikelet including awn at least 9 mm long. 16

6a. Leaf blade 56—75 mm wide. All spikelets unisexual or sterile but never
bisexual, heteromorphous, 8—8.5 mm long.  Tripsacum dactyloides
6b. Leaf blade 1—24 mm wide. At least lowest spikelet bisexual. Spikelets

homomorphous or heteromorphous, 1—6 mm long. 7
7a. Lowest bract of spikelet 0.9—1 times as long as spikelet. 8
7b. Lowest bract of spikelet 0.05—0.65 times as long as spikelet. 12

8a. Inflorescence rachis transversely articulating, base of joints with a central
knob. Spikelets paired. Lowest bract of sessile spikelet dorsiventrally

flattened, indurated. 9
8b. Inflorescence rachis not articulating. Spikelets single. Lowest bract of
spikelet either boat-shaped, or flattened and herbaceous. 11

9a. Young leaf blade folded along midrib. Sessile spikelet orbicular, ¢. 1 mm
long. Lower glume with squarish depressions. Mnesithea granularis
9b. Young leaf blade inrolled. Sessile spikelet ovate to elliptic, 3.9—5 mm
long. Lower glume either granulate or marginal keels at base with gland-
like warts. 10

10a. Lower glume smooth, marginal keels at base with glandlike warts, glabrous
or hairy. 1* floret of sessile spikelet sterile. Mnesithea glandulosa
10b. Lower glume minutely granular, marginal keels smooth. 1* floret of sessile
spikelet male. Rottboellia cochinchinensis

11a. Nodes hairy. Rachis longitudinally folded (U-shaped), 3.6 mm wide with
1 bisexual spikelet at base and 4 or 5 male spikelets above. Inflorescence
disarticulating as a single unit. Thuarea involuta
11b. Nodes glabrous. Rachis rounded, ¢. 0.2 mm diameter with many bisexual
spikelets, not articulating. Zoysia matrella
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12a. (7) Young leaf blade folded along midrib. Spikelets 3.8—6 mm long.13
12b. Young leaf blade inrolled. Spikelets 1.7—3.4 mm long. 14

13a. Stolons absent. Branchlets absent. Rachis c. 1 mm wide. Spikelets 3—6-
flowered. Eleusine indica
13b. Stolons present. Branchlets each with 3 spikelets. Central rachis 3—4
mm wide. Spikelets 2-flowered. Stenotaphrum secundatum

14a. Pedicels (or at least half of them) with bristles 3—11 mm long. Setaria
14b. Pedicels all glabrous. 15

15a. Inflorescence a spike-like panicle; branches many, up to 5 mm long.
Spikelet not flattened, gibbous, 2-flowered. Sacciolepis
15b. Inflorescence a raceme; branches absent. Spikelets laterally flattened,
not gibbous, 1-flowered. Zoysia matrella

16a. (5) Culm with more than 20 inflorescences, forming a spatheate
inflorescence. Each inflorescence at base with an involucre of 2 pairs of
sterile or male, unawned spikelets, followed by 1 or 2 fertile awned
spikelets (and more sterile spikelets). Themeda
16b. Culm with 1—10 inflorescences, spatheate or not. Each inflorescence
either with fertile spikelets only, or if spikelets paired the pedicelled
ones may be sterile. 17

17a. Spikelets single, lowest bract with awn at least 2 mm long (a basal 0.3
mm-long bract at adaxial side should be ignored if present: see Lepturus).

18
17b. Spikelets in pairs or threes, lowest bract either unawned or awn up to 0.5
mm long. 20

18a. Rachis 1.5—2 mm wide, with cavities holding the spikelets, breaking up
at maturity. Lowest (abaxial) bract of spikelet flat, indurated.

Lepturus repens var. repens

18b. Rachis 0.1—0.4 mm wide, without cavities holding the spikelets,

persistent. Lowest bract of spikelet boat-shaped, hyaline to thinly

herbaceous. 19

19a. Nodes hairy. Spikelet 2-flowered, lowest bract (excluding awn) 0.6—0.7

times as long as spikelet. Oplismenus burmanni
19b. Nodes glabrous. Spikelet 1-flowered, lowest bract (excluding awn) as
long as spikelet. Perotis indica

20a. Young leaf blade inrolled. 21
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23

21a. Spikelets in threes, the middle pedicelled and the 2 lateral sessile.

Polytrias indica

. Spikelets in pairs of 1 sessile and 1 pedicelled. 22

22a. Sessile spikelet 3.5—5 mm long, dorsiventrally flattened, with 1 awn.

22b

23a

23b

24a

24b

25a

25b
26a
26b

27a

27b

Dichanthium

. Sessile spikelet 1.5—2 mm long, laterally flattened, with 2 awns.

Pogonatherum crinitum

. Blade at least at base with up to 7 mm-long hairs. Inflorescence 1 and at
tip of culm. Pedicel glabrous. Spikelets of lower 8 or 9 pairs all unawned,
followed by 5—=8 pairs of 1 sessile awned spikelet and 1 pedicelled

unawned spikelet.

Heteropogon contortus

. Blade glabrous. Inflorescences 2—10 scattered along culm. Pedicel hairy
on one margin. Spikelets all in pairs of 1 sessile awned and 1 pedicelled

unawned.

Schizachyrium sanguineum

. (1) Culm internodes solid. Spikelets unisexual with male and female
spikelets in separate inflorescences on the same plant. Male inflorescence
a panicle from terminal sheath, female inflorescence (cob) in the axils
of lower leaves, completely enclosed in large bracts, with a stout central

axis and numerous fruits in rows.

Zea mays

. Culm internodes hollow or solid. Spikelets either bisexual or unisexual
with male and female spikelets in the same inflorescence. 25

. Leaf blade with transverse veins present. Stolons absent. Blades 8.5—60

mm wide.

26

. Leaf blade without transverse veins. Stolons absent or present. Blades

0.5—50 mm wide.

. Spikelets heteromorphous, unisexual.
. Spikelets homomorphous, bisexual.

30

27
28

. Leaf blade 40—62 mm wide, pinninerved. Spikelets unawned; female
spikelet 6—7.5 mm long, not flattened, globose-obovoid; male spikelet
4—6 mm long, more or less laterally flattened, elliptic-ovate.

Scrotochloa urceolata

. Leaf blade up to 30 mm wide, parallel-nerved. Spikelets awned; female
spikelet ¢. 50 mm long (including awn), more or less laterally flattened,
lanceolate to linear; male spikelet ¢. 16 mm long (including awn), similar

in shape.

Zizania latifolia
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28a. Spikelets 4—12-flowered, awned with awn at least 1 mm long.

Lophatherum gracile
28b. Spikelets 2- or 3-flowered, unawned or mucronate with mucro up to 0.3
mm long. 29

29a. Plant 20—380 cm tall. Inflorescence up to 20 cm long. Longest branch
6—10 cm long, straight. Spikelets 4—5.5 mm long.

Centotheca lappacea

29b. Plant (40—)200—300 cm tall. Inflorescence at least (20—)50 cm long.

Longest branch at least 20 cm long, wavy. Spikelets (1.6—)2—2.1 mm

long. Thysanolaena latifolia
30a. (25) Ligule at least 6 mm long, membranous, glabrous. Inflorescence
with central rachis present. Oryza
30b. Ligule either absent or 0.05—4 mm long, if longer than 4 mm then ligule
hairy or inflorescence without central rachis. 31
31a. Inflorescence from final sheath with simple branches only. 32
31b. Inflorescence from final sheath with at least longest branch further
branched. 60
32a. Spikelet 3—many-flowered. | 33
32b. Spikelet 1- or 2-flowered. 36
33a. Spikelet unawned. 34
33b. Spikelet awned. 35

34a. Young leaf blade folded along midrib. Inflorescence with up to 11

branches, at least half the number at the tip. Eleusine

34b. Young leaf blade inrolled. Inflorescence a panicle with more than 20
branches scattered along central rachis, often in whorls of 2—4.

Leptochloa chinensis

35a. Stolons absent. Inflorescence branches with spikelets up to the tip. Spikelet
not flattened; awns 3—5 mm long. Chloris barbata
35b. Stolons present. Inflorescence branches without spikelets in the uppermost
1—2.5 mm (Plate 30). Spikelet laterally flattened; awns 1.5—2 mm
long. Dactyloctenium aegyptium

36a. (32) Ligule at least 0.5 mm long, either a row of hairs or basal part
membranous with hairs at tip as long as or longer than the membrane.
37
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36b. Ligule either absent or up to 0.1 mm long or up to 7.5 mm long and
membranous with hairs at tip absent or shorter than the membrane.

R

37a. Spikelet either unawned or with a mucro up to 0.3 mm long, or awn
concealed and not exserted beyond the spikelet bracts. 38

37b. Spikelet awned, awn obvious and not concealed. 41

38a. Culms 1—20(—40) cm long. Spikelet 1—2.5 mm long, either 1-flowered

or 2™ floret abortive and hyaline or herbaceous. 39
38b. Culms 30—500 c¢cm long. Spikelet 3—4.3 mm long, 2-flowered, 2" floret
indurated. 40

39a. Leaf blade 1.5—2.5 mm wide, cuneate at base. Inflorescence with branches

coming from one point, central rachis absent. Spikelets in two rows,

2.4—2.5 mm long. Cynodon dactylon

39b. Leaf blade 4—9 mm wide. Inflorescence with branches scattered along
central rachis. Spikelets not in rows, ¢. 1 mm long.

Sphaerocaryum malaccense

40a. Culm erect to ascending, stolons absent. Spikelet at base with a cup-

shaped callus, 0.2—0.7 mm long, often red-coloured. Eriochloa
40b. Culm geniculate to decumbent or creeping to scrambling, stolons absent
or present. Spikelet at base without a cup-shaped callus. Urochloa

41a. (37) Lowest bract of spikelet awned with awn at least 2 mm long.
Oplismenus
41b. Lowest bract of spikelet unawned or with mucro up to 0.5 mm long. 42

42a. Leaf blade setaceous, c¢. 0.5 mm wide. Spikelet with 2 or 6 awns, the two

lowest bracts as long as spikelet (excluding awns). Eriachne
42b. Leaf blade flat, 3—12 mm wide. Spikelet with 1 awn, lowest bract
distinctly shorter than spikelet. 43

43a. Panicle without central rachis. Spikelet 3—3.5 mm long. (Very dry places).
Alloteropsis cimicina

43b. Panicle with central rachis. Spikelet c. 4.7 mm long. (Marshy places).
Echinochloa picta

44a. (36) Culm with more than 20 inflorescences, spatheate. Inflorescence
without central rachis, branches 2. Cymbopogon
44b. Culm with 1(—10) inflorescences, not spatheate. Inflorescence with central
rachis absent or present, branches 2—many. 45
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45a. Spikelets in pairs, heteromorphous; sessile spikelet (4—)5—7.5 mm long.
Pedicel 0.7—2 mm wide, as wide as or wider than rachis. Ischaemum
45b. Spikelets in groups of 1—3(—35), homo- or heteromorphous, sessile and/
or pedicelled, 1.2—4.4 mm long. Pedicel 0.1—0.4 mm wide, narrower

than or as wide as rachis. 46
46a. Ligule absent. Echinochloa
46b. Ligule present, although sometimes a minute rim. 47
47a. Spikelets not flattened or laterally flattened. 48
47b. Spikelets dorsiventrally flattened. 55
48a. Inflorescence without central rachis, branches 2—4. 49
48b. Inflorescence with central rachis, branches 3—many. 50

49a. Young leaf blade inrolled. Spikelet 2.3—2.8 mm long, either unawned or

awn 5.5—8.5 mm long. Dimeria ornithopoda
49b. Young leaf blade folded along midrib. Spikelet c. 1.2 mm long, awn minute
and mucronate. Eustachys tenera
50a. Spikelets with lowest bract 0.9—1 times as long as spikelet. 51

50b. Spikelets with lowest bract 0.15—0.7 times as long as spikelet. 52

51a. Ligule 0.05—0.1 mm long. Spikelets in threes (or the lower in pairs), 2-
flowered, callus needle-shaped, awn c. 4 mm long; the two lowest bracts
herbaceous. Chrysopogon aciculatus

51b. Ligule 2 mm long. Spikelets single, 1-flowered, callus more or less obtuse,
unawned (acuminate); both bracts indurated. Leersia hexandra

52a. Ligule 1.5 mm long. Spikelets gibbous. Cyrtococcum accrescens
52b. Ligule 0.2—0.7 mm long. Spikelets not gibbous. 53

53a. Spikelets with 2" lowest bract 0.4—0.5 times as long as spikelet.
Ottochloa nodosa
53b. Spikelets with 2™ lowest bract (almost) as long as spikelet. 54

54a. Blade at base cordate. Spikelets c. 4.3 mm long; lowest bract 0.7 times as
long as spikelet. Glumes and lemmas at their tips laterally flattened, as
if pinched. Acroceras munroanum
54b. Blade at base cuneate to rounded. Spikelets 2.1—2.4 mm long; lowest
bract 0.15—0.2 times as long as spikelet. Glumes and lemmas at their
tips not laterally flattened. Panicum trichocladum
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55a. (47) Spikelet awned, awn 13—23 mm long. 56
55b. Spikelet unawned. 57
56a. Inflorescence with 13—21 branches. Rachis of branches and pedicels

more or less flattened and furrowed. Bothriochloa bladhii
56b. Inflorescence with 2—S5 branches. Rachis of branches rounded, pedicels

somewhat flattened, both not furrowed. Dichanthium annulatum
57a. Spikelets 1.1—1.6 times as long as wide. Paspalum
57b. Spikelets 2.2—3.3 times as long as wide. 58
58a. Spikelets in groups of 2 or 3(—35). Digitaria
58b. Spikelets single. 59
59a. Ligule 0.4 mm long, densely fringed. Inflorescences usually several from

the upper leaf. Spikelets 2—2.4 mm long. Axonopus
59b. Ligule 1 mm long, glabrous. Inflorescence 1 from the upper leaf. Spikelets

2.7—4.4 mm long. Paspalum vaginatum
60a. (31) Spikelets 3—many-flowered. 61

60b. Spikelets 1- or 2-flowered, rarely and then only a few 3-flowered. 64

6la. Culm 12—100(—160) cm long. Blades 0.5—7 mm wide. Spikelet
glabrous, or with hairs up to 0.6 mm long; 1% lemma 0.7—2 mm long.

Eragrostis
61b. Culm (80—)150—300 cm long. Blades 7—40 mm wide. Spikelet with
silky hairs 2—5 mm long; 1* lemma 3.5—12 mm long. 62

62a. Ligule of flag leaf 0.4—0.7 mm long (excluding hairs on blade just behind
ligule). Rachilla internodes between the lemmas with long hairs. Lemmas
glabrous. Phragmites vallatoria
62b. Ligule of flag leaf 1.5—5 mm long. Rachilla internodes between the
lemmas glabrous or with short hairs at its tip only. Lemmas (except
first) with long hairs. 63

63a. Culm internodes hollow. Ligule 1.5—2 mm long, membraneous, tip
ciliolate. Leaf blade 15—40 mm wide. The two lowest bracts of spikelet

c. 0.8 times as long as spikelet (including awns). 1¥ lemma hairy.
Arundo donax
63b. Culm internodes solid. Ligule 3—5 mm-long row of hairs. Leaf blade
7—20 mm wide. The two lowest bracts of spikelet 0.2—0.3 times as

long as spikelet (including awns). 1% lemma glabrous.

Neyraudia arundinacea var. zollingeri
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64a. (60) Ligule absent. Echinochloa
64b. Ligule present, sometimes just a minute rim. 65

65a. Either lowest two bracts of spikelet indurated (in lower half) and as long
as spikelet (excluding awn when present), or each spikelet with 2 bracts

only and these indurated. 66
65b. Lowest two bracts of spikelet hyaline to herbaceous, shorter than or as
long as spikelet; each spikelet with 3 or more bracts. 67

66a. Leaf blade 3—7 mm wide, margins serrulate. Spikelets single, laterally
flattened, with 2 bracts (1 lemma and 1 palea), unawned. (Ponds and
marshes). Leersia hexandra
66b. Leaf blade 21—42 mm wide, margins smooth. Spikelets paired; sessile
spikelet dorsiventrally flattened to subterete, with 5 bracts (2 glumes, 2
lemmas and 1 palea), awned or unawned; pedicelled spikelets variously
reduced, dorsiventrally flattened. (Dry places). Sorghum bicolor

67a. Spikelets awned, awn exserted beyond spikelet bracts and (0.6—)1—14
mm long; if awn 0.6—1 mm long then upper glume and 1* lemma densely
hairy, hairs 2—6.5 mm long and pinkish. 68
67b. Spikelets either unawned or awn not exserted beyond spikelet bracts and
up to 0.6 mm long and upper glume and 1* lemma glabrous or with
hairs up to 0.5 mm long and whitish or yellowish. 74

68a. Ligule either 0.05—0.1 mm long and densely fringed or membranous

with hairs at tip absent to shorter than membranous part. 69
68b. Ligule either a row of hairs or membranous with hairs at tip longer than
membranous part. 70

69a. Culms 40—110 cm long. Nodes hairy. Inflorescence with longest branches
4—7 cm long. Spikelets in pairs, the terminal in threes. Callus obtuse.
Awn 13—14 mm long. Bothriochloa bladhii

69b. Culms 15—35 cm long. Nodes glabrous. Inflorescence with longest
branches 1.5—3 cm long. Spikelets in threes, the lower sometimes in
pairs. Callus needle-shaped. Awn up to 4 mm long.

Chrysopogon aciculatus
70a. Ligule in basal third either membranous or of fused hairs. -7
70b. Ligule a row of free hairs. 72

71a. Inflorescence with central rachis absent or shortly developed, branches
(almost) in a single whorl. Lowest bract of spikelet unawned.
Alloteropsis cimicina



30 Supplement of Gardens' Bulletin Singapore 57 (2005}

71b. Inflorescence with central rachis well developed, branches scattered.
Lowest bract of spikelet awned, awn at least 2 mm long.
Oplismenus compositus

72a. Spikelets densely hairy; hairs pink to red turning silvery at maturity, patent,
at least a few longer than 4(—6.5) mm; awn up to 2 mm long.

Melinis repens

72b. Spikelets (sparsely) hairy; hairs yellowish white, appressed to erecto-

patent, up to 1 mm long; awn at least 3 mm long. 73

73a. Leaf blade flat, c. 12 mm wide. Spikelet with 1 exserted awn, lowest

bract about half as long as spikelet, second as long as spikelet (excluding

awns). Echinochloa picta

73b. Leaf blade setaceous, c¢. 0.5 mm wide. Spikelet with 2 exserted awns, the
two lowest bracts as long as spikelet (excluding awns).

Eriachne pallescens

74a. (67) Spikelet at base with a cup-shaped, 0.2—0.7 mm long, often red-

coloured callus. Eriochloa
74b. Spikelet without a cup-shaped callus at the base. 75
75a. Lowest bract of spikelet 0.1—0.7 times as long as spikelet. 76

75b. Lowest bract of spikelet (0.8—)0.9—1 times as long as spikelet. 82

76a. Pedicels usually with 1—9 bristles longer than the spikelet and not falling
off with the spikelets. Setaria
76b. Pedicels without bristles, if hairs present then shorter than spikelet. 77

77a. Spikelets gibbous. Cyrtococcum
77b. Spikelets not gibbous. 78
78a. Spikelet either 1-flowered or 2-flowered with 2" floret hyaline and thinner
than 1* floret. 79
78b. Spikelet 2-flowered, 2™ floret (more or less) indurated and thicker than
1% floret. 80
79a. Sheath with (few) transverse veins present. Spikelet (3—)3.9—4.9 mm
long, 2-flowered. (Semi-, aquatic). Hymenachne amplexicaule
79b. Sheath without transverse veins. Spikelet 1.1—2.3 mm long, 1-flowered.
(Terrestrial). Sporobolus

80a. Second lowest bract of spikelet (= upper glume) 0.4—0.5 times as long
as spikelet. Ottochloa nodosa
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80b. Second lowest bract of spikelet (= upper glume) 0.9—1 times as long as
spikelet. 81

81a. Inflorescence branches rounded to triquetrous, 0.1—0.7 mm wide, if patent
then with spikelets well-spaced. Spikelets abaxial, single or paired.
Panicum

81b. Inflorescence branches more or less flattened, 0.8—1.2 mm wide, patent,
with spikelets densely crowded. Spikelets adaxial, at least in middle of
branch paired or in threes. Urochloa mutica

82a. (75) Pedicels and/or spikelets with long silky hairs, hairs 2—12 mm long.
83
82b. Pedicel and spikelet either glabrous or with hairs up to 0.5 mm long. 84

83a. Leaves before flowering clustered at the base of the culm. Inflorescence
branches not articulated, not breaking up at maturity. Both spikelets of a
pair pedicelled, shortest pedicel at least 1 mm long. Imperata
83b. Leaves before flowering scattered along elongated culm. Inflorescence
branches articulated, breaking up at maturity. One spikelet of a pair

sessile, the other pedicelled. Saccharum
84a. Spikelet 3.5—5.2 mm long. Sheath at least 4 cm long. 85
84b. Spikelet 1.3—2.5(—3.3) mm long, if longer than 3 mm then sheath not
longer than 2 cm. 86

85a. Culm 120—250 cm long. Spikelets in pairs or threes of 1 sessile and 1 or
2 pedicelled, the pedicelled narrower and less hairy than the sessile
spikelet. Lower glume with many appressed hairs, acute.

Sorghum propinquum
85b. Culm 25—40 cm long. Spikelets in pairs, both pedicelled, similar. Lower
glume glabrous, apiculate. Urochloa glumaris

86a. Ligule row of hairs, 1—4 mm long. Leaf blade 2.5—9 mm wide, base

rounded. Isachne
86b. Ligule membraneous, 0.5 mm long, tip ciliolate. Leaf blade 15—20 mm
wide, base cordate. Panicum brevifolium

Descriptions and Generic Keys

Descriptions are kept short. If not mentioned otherwise, the following applies
to all species: internodes less than 3 mm diameter, transverse veins absent,
pseudopetiole absent, leaf blades parallel-nerved and not distinctly ribbed,
spikelets homomorphous and length measured excludes awns.
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A key to the species is given if a genus (i.e. the first part of the scientific
name) is represented by two or more species. Characters that are shared by all
the species of this genus are included in the generic description. There is no
generic description if only one species is present.

Beside the common names, synonyms used in the earlier literature (as
cited in the Introduction) are mentioned. The figures depict the spikelets, unless
mentioned otherwise. The glumes (if present) are always grey and the bar
indicates 1 mm. The species description is followed by information on whether
it is native in Singapore or not, its global distribution, its first record for
Singapore (as present in the Singapore Herbarium (abbreviated as SING) and
the herbarium of the National University of Singapore (SINU)) and its present
day abundance (and date of last record if now extinct in Singapore). Botanic
Gardens refers to the Singapore Botanic Gardens. In a separate line the ecology
is given. The term Malesia is used for the biogeographical region ranging
from the Isthmus of Kra in Thailand to Bougainville Island in the Solomon
Islands and including Malaysia, Brunei, Indonesia, Timor Leste, Philippines
and Papua New Guinea, but excluding Australia. Finally, any other information
of relevance, including differences with species it has been or might be confused
with is given in notes. Herbarium material is cited as the collector’s name in
italic print followed by the collection number and/or year of collection.

Acroceras Stapf
Acroceras tonkinense (Balansa) C.E.Hubb. was mentioned for the Botanic Gardens (Ridley
1907, as Panicum oryzoides Sw.; Ridley 1925, as A. sparsum Ridl. ex Stapf) but no herbarium
or living material has been found. It differs from A. munroanum in having hairy nodes, blades
with midvein distinct and margins thickened, and spikelets with only the 2" lemma pinched
at its tip.

Acroceras munroanum (Balansa) Henrard — Fig. 19.

Gilliland 1971: 165. Keng ef al. 1998: 154.
A, ridleyi (Hack.) Stapf ex Ridl. 1925: 229.
Culms stoloniferous, up to 55 ¢cm long; nodes glabrous. Sheath rounded, glabrous, margin
hairy. Ligule membranous, 0.2—0.3 mm long, entire or ciliolate. Young leaf blade inrolled.
Blade 3.5—7 cm long, 6—9 mm wide, glabrous, scabrous, base cordate. Inflorescence panicle,
central rachis 3—5 cm long, branches 3—35; longest branch 1.5—2.5 ¢m long, ¢. 0.5 mm
wide, simple. Pedicel c¢. 0.7 mm long. Spikelets in pairs and similar (or single), ¢. 4.3 mm
long, 1.8—2.5 mm wide, not flattened, 2-flowered, unawned; lowest bract ¢. 0.7 times as
long as and 2™ as long as spikelet; glumes and lemmas at tip laterally flattened, glumes and 1¥
floret herbaceous; lower glume ¢. 3.1 mm long, glabrous; upper glume ¢. 3.8 mm long, glabrous;
1*' lemma and palea present, glabrous; 2™ lemma and palea glabrous, indurated.

Figure 18. Lower glume of spikelets of Panicum.
a. collar-shaped, b. ovate.
Figure 19. Acroceras munroanum (Balansa) Henrard.
Figure 20. Alloteropsis cimicina (L.) Stapf,
Figure 21. Arundo donax L.
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Not native; India and Myanmar to Malesia. First record 1899; extinct (1961).
It is probably adventive as it was only found in the Botanic Gardens; however. Ridley
(Ridley s.n., 1899, SING) reports it as wild.

Alloteropsis J.Presl

Alloteropsis cimicina (L.) Stapf — Fig. 20.

Ridley 1925: 223. Gilliland 1971: 198. Keng ef al. 1998: 154.
Axonopus cimicinus (L.) P.Beauv.: Ridley 1907: 144,
Culms tufted, 40—60 cm long; nodes glabrous or hairy. Sheath rounded, glabrous to hairy,
external ligule hairy. Ligule membranous with hairs at tip, basal part 0.6 mm long, hairs 1 mm
long. Young leaf blade inrolled. Blade 3—7 cm long, 7—11.5 mm wide, glabrous, base cordate.
Inflorescence panicle, central rachis absent or shortly developed; branches 4—35, (almost) in
a single whorl, 8—14 c¢m long, ¢. 0.6 mm wide, lowest 3—7 c¢m naked, simple (or branched).
Pedicel 1—5 mm long. Spikelets in groups of 2—4, similar but unequally pedicelled, 3—3.5
mm long, 1.2—1.8 mm wide, dorsiventrally flattened, 2-flowered, awned; lowest bract 0.5—
0.7 times as long as and 2™ as long as spikelet; glumes and 1* lemma thin herbaceous; lower
glume 1.6—2 mm long, glabrous, acute to acuminate; upper glume 2.9—3.4 mm long, margin
densely hairy, hairs up to 1.2 mm long; 1* lemma 2—2.5 mm long, glabrous; 1* palea absent;
2" Jemma and palea glabrous, indurated; 2™ lemma awn 1—2.7 mm long, scabrous.

Native; Paleotropics. First record 1890. Rare.

Waste places, usually on damp soil.

Arundo L.

Arundo donax L. — Fig. 21.

Gilliland 1971: 51. Keng et al. 1998: 154,
Culms loosely tufted, erect, 150—300 cm long; internodes hollow; nodes glabrous. Sheath
rounded, glabrous. Ligule membranous, 2 mm long (1.5 mm in non-flowering shoot), ciliolate.
Young leaf blade inrolled. Blade ¢. 40 cm long, 15—40 mm wide, glabrous, sometimes with
white stripes (cv versicolor), base rounded. Inflorescence panicle, central rachis 35—60 cm
long, branches many (in whorls); longest branch 20—30 c¢m long, ¢. 0.7 mm wide, branched.
Pedicel 3—8 mm long. Spikelets single, ¢. 13 mm long (including awn), c. 5 mm wide, laterally
flattened, 3- or 4-flowered (falling off at maturity), awned; rachilla internodes with short
hairs at tip, between the glumes 0.8 mm long, between the florets 1.7 mm long and articulated;
the two lowest bracts c. 0.8 times as long as spikelet; glumes and lemmas herbaceous, paleas
hyaline; lower glume ¢. 10.3 mm long, enveloping, glabrous; upper glume ¢. 10 mm long,
glabrous, midvein 0.5—0.8 mm-long protruding; 1*lemma c. 11.3 mm long, basal half densely
covered with up to 5 mm-long hairs, midvein protruding in ¢. 3 mm long awn; 1* palea c. 5
mm long; 2*—4" florets as 1%, gradually decreasing in size.

Not native; S. Europe, Asia, now worldwide. First record 1877. Cultivated.

Axonopus P.Beauyv.
Culms with stolons, erect part 10—40 cm long. Sheath more or less flattened, midrib raised,
glabrous, margin hairy. Ligule membranous, 0.4 mm long, densely fringed. Inflorescence
panicle, 1—4 per sheath, central rachis absent or present, at least 2 branches at tip; longest
branch 4—8 cm long, 0.8—0.9 mm wide, simple. Pedicel absent. Spikelets single,

Figure 22. Axonopus compressus (Sw.) P.Beauv.
a. facing the 1 lemma, b. facing the upper glume.
Figure 23. Axonopus fissifolius (Raddi) Kuhlm.
Figure 24, Bothriochloa bladhii (Retz.) S.T.Blake, pair of spikelets.
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