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T S A i SR T

ABSTRACT,

The genus Axonopus Beauv. is defined in the terms proposed by

¥
Chase (1911) and the pan tropic distribution of the A ,comptressus(Sw.)

Beauv, complex is commented upon. Seven taxa are proposed for West
Africa, These include two new species, two new hybrid taxa, and a
recently introduced species from America (4.affinis Chase). The seven

taxa are:- A,compressus (Sw.)Beauv.

A.brevipedunculatus Gledhill sp.nov.

4. flexuosus (Peter) Hubbard ex Troupin
A.,arenosus Gledhill sp.nov.
A.,affinis Chase

A,compressus x flexuosus Gledhill hyb.nov,

A brevipedunculatus x compressus Gledhill hyb.nov.

The taxa are shown to differ morphologically, cytologically, and
in their breeding mechanisms. Phenopypic varistion is showm to affect
spikelet length and leaf width, both of which characters have been
afforded taxonomic importance by other workers. The species form a
polyploid'series, the first two being tetraploid, the second two being

hexaploid, and the fifth being octoploid. A.compressus x flexuosus is

approximately pentaploid, but plants with additional chromosomes,or which
have lost chromosomes,are common.

A.compressus and A.affinis are sexual outbreeders, but are also

self compatible. A,brevipedunculatus and A,arenosus are apomicts. The

apenictic process is described for A.brevipedunculatus as obligatory

autonomous automixis (Thomas,1940). In this process the embryo sac is
produced from a reduced megaspore, but a diploid 'egg' is formed due to

the failure of one nucleus to divide. Such embryo sacs have a characteristic




seven-nucleate appearance, in which the 'egg' occupies a lateral position.

A.flexvosus is also capable of producing some apomictic offspring,
but is probably a facultative apomict in wild populations. Both hybrid
taxa are sterile.

Hybrids were obtained from three interspecific crosses and the

. hybrids are compared with their parents and with the natural hybrids.

The origin and taxonomy of the West African representatives of khe
genus are discussed. Their evolution is discussed in terms of
polyploidy and apomixis. Two lines of relationship are recognised, one

consisting of the sexual species (A.compressus, A.flexuosus and A.affinis)

- and the other of the apomicts (A.,brevipedunculatus and A.arenosus).
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Introduction

The present work is an investigation of the experi-

mental taxonomy of a group of plants which suggested itself to

the writer as one of a great number of such groups in Sierrs
Leone which exhibit wide ecological tolerance accompanied by
considerable structural variation.
Carpet grasses (Axonopus species) are used widely in
the tropics as protective cover crops to reduce ercsion of road
and rail embankments, as lawn grasses and as forage crops.
They have probably been introduced from America and the West |
Indies into West Africa where they are now widespread, not only
in artificial habitats but also in semi-natural habitats. Only

one species, A, compressus (Sw,) Beauv., is listed in Hutchinson

and Dalziel's Flora of West Tropical Africa (1938); but this
species is very variable. In this thesis, an account will be

given of this variability; the taxonomy of the A. compressus

(Sw.) Beauv. complex, which in fact consists of several species,
will be considered and clarified; and an account will be given
of some of the evolutionary problems which are presented by the

members of this complex.




Definition of the genus Axonopus

Accounts of the early controversies as to the validity
of the genus are contained in the literature (e.g. Chase, 1911
and Dedecca, 1956). These controversies stem originally from
Beauvois' (1812) diagnosis, in which he himself expressed doubt
as to the validity of splitting Axonopus from Milium and in
which he cited four species as being representative of the new
genus. In fact, these four species differ in respect of the
arrangement of their inflorescences and spikelets. Together

with their currently accepted names, they are:-

Milium compressum Sw. (Axonopus compressus (Sw.) Beauv.)
Milium digitatum Sw. (Syntherisma digitata (SW_.) Hitche.)
Milium cimicinum Linn. (Alloteropsis cimicina (Linn.) Staff.)
Milium paniceum Sw. (Syntherisma paniceum Nash)

The controversies have served to establish AXonopus as a genus
in which there is considerable uniformity amongst its members,

the congeners of A. compressus (Sw.) Beauv., particularly in

respect of the structure and orientation of the spikelet.

For the purpose of this thesis, the genus is defined
in the terms proposed by Chase (1911), as follows:-
Inflorescence with two or more simple, slender, spike-like
racemes digitately or sub-digitately arranged at the summit of

the peduncle. Spikelets small to very small, solitary, biconvex,




adaxial, alternating on two faces of the triquetrous rachis

and closely adpressed to it, falling entire with the rudimen-
tary pedicels. First glume suppressed, second glume abaxial
and equal to the spikelet. Lower floret reduced to its lemma
which may resemble the second glume but may lack a mid-nerve.
Fertile floret with sub-similar lemma and palea, the former with
its back turned away from the rachis and embracing the latter
marginally. Lodicules two, small, broadly cuneate. Stamens
three. Styles two. Grain enclosed in the hardened lemma and
palea, dorsally compressed. Hilum punctate, sub-basal. BEmbryo
less than half the length of the grain.

Stoloniferous perennials, caespitose perennials or
rarely annuals. ILeaves more or less linear, flat, conduplicate
or involute. Ligules very narrow, membranous and ciliate.

The key characteristics are those of the alternately
arranged, solitary, sub-sessile, adaxial spikelets in which the

first glume and sterile palea are lacking, and the racemes

being aggregated at the summit of the peduncles.

The taxonomic position of the genus is in the tribe
Paniceae of the sub-family Panicoideae. Appendix 1 contains an
artificial key in which Axonopus is separated from allied genera,
a table of distinguishing characters of the inflorescences of
Axonopus and allied genera and é very brief history of the

julismrarie e as

establishment of the genus AXonopus upon the type species

Axonopus compressus (Sw.) Beauv..
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Variation within the genus

Variation within the genus Axonopus mainly concerns
habit, dimensions and hairiness. The leaf blades of stoloni-

ferous species may be all alike (A. fissifolius (Raddi) Kuhlm.)

or those on the stolons way differ from those on the culms

(A. compressus (Sw.) Beauv.). A. stragulus Chase can be re-

garded as intermediate between the stoloniferous and caespitose
species since it has short, geniculately ascending stolons.

Most species are perennial but a few are annual (4. capillaris

(Lam.) Chase, A. holochrysus (Trin.) Henr., A. appendiculatus

(Presl.) Hitchc. & Chase). The leaves of many of the caespitose,

bunch~grass species are folded and narrow (A. marginatus (Trin.)

Chase, A. barbigerus (Kunth) Hitchc., A. siccus (NWees) Kuhlm.,

A. elegantulus (Presl.) Hitchc.), but those of the stoloniferous

species are mostly flat or folding on drying. The anatomy of
the spikelet is constant throughout the genus (except that
nervation of the glume differs) but the size of the spikelets
and the arrangement of the inflorescences show much variety.
Spikelet length may be as little as 1.7 mm (4. ater Chase) or

as great as 6 mm (A. obtusifolius (Raddi) Chase) and the pro-

portion of the length which is occupied by the fertile floret

varies from about 2/3 (A. flexuosus (Peter) Hubbard ex Troupin)

to the whole (A. affinis Chase and A. fissifolius (Raddi) Chase).
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A slight resemblance to Stenotaphrum is found in the sunken

spikelets of A. chrysoblepharis (Lag.) Chase, which has a broad

rachis, but all other species have characteristic sub-spicate
racemes which may be few (two in A. furcatus (Fltlgge) Hitchc.)

or numerous (A. scoparius (Flfligge) Hitchc.). The racemes them-

selves are arranged in digitate, racemose or even fasciculate

{A. pubivaginatus (Fliigege) Hitchc.) heads towards the summit

of the peduncle.

Chase (1911) proposed three sections within the genus,
based upon the distribution of hairs upon the inflorescence.
These are defined as follows:-—

(a) Euaxonopus: lacking hairs on the rachis of the in-
florescence.

(b) Cabrera: with golden hairs on the rachis but few,
or none, on the spikelets.

(G) Lappagopsis: with pale hairs on the rachis and pilose
spikelets.

A. suffultus (Mikan) Henr. has a few, to many, golden

to pale yellow hairs at the base of the spikelets and so is in-

termediate between Axonopus proper and the section Cabrers.

A1l the materials dealt with in the present work be-
long to the first section, FEuazonopus, and are all members of

the Axonopus compressus (Sw.) Beauv. complex. This complex is
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the only portion of the genus which is widely distributed out-
side the tropical American centre of proliferation. Because

of its present wide distribution throughout the tropics and
sub-tropics, its disjunct series of populations may be expected
to show discontinuities in morphological and physiological vari-

ation patterns.




History of the taxonomy of

A. compressus (Sw.) Beauv. - sensu lato.
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The oldest known specimen of Milium compressum Sw.

is reputed to be that collected by Sloane (1696) in Jamaica.
Swartz (1788) described this species also from Jamaican material
and a specimen, contained in the Botaniches Staatssammlung,

Munich, bearing the legend "Milium compressum Sw. Jamaica,

0. Swartz.", may be part of the type collection. This and
Swartz' second, more amplified, description (1798) clearly agree

with the application of the name Axonopus compressus (Sw.) Beauv.

to the common form from the West Indies.

Stapf (1909), in Prain's Flora of Tropical Africa,
distinguishes Axonopus as having adaxial spikelets in which the
second glume is wanting and the lower floret is reduced to its

lemms. He describes Axonopus compressus (Sw.) Beauv. in very

adeguate terms so that it is clear that the description was
based upon a large volume of material which exhibited consider-
able variation., This is particularly true for the values given
for general dimensions and hairiness, but the description of the
inflorescences ag "subdigitate, sessile, erect or spreading
spikes; common axis very slender; ....pedicels solitary, ....

" clearly agrees

reduced to smooth elliptic subsessile discs.
with Swartz' (1798) description. Stapf also notes that the
species was "evidently introduced from South America'.

Chase (1938) pursued her earlier (1911) observations

on the recognition of a narrow-leaved form of A. compressus (Sw.)
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Beauv. by describing it as a new species, A. affinis. This led
to the re—examination of Axonopus in both Australia and Malaya.
McLennan (1936) had already recognised that New South Wales
material fell into two categories; those with narrow, %~— %
ing, leaves and those with broad, g»— 4 ins, leaves. He had

identified the narrow-leaved material as Axonopus compressus

(Sw.) Beauv. with the synonym Paspalum platycaulon Poir. and

left the broad-leaved material undetermined but with the synonynm

Paspalum compressum (Sw.) Rasp. Chase (1938) maintained that

the Poiret and Raspail types were both broad-leaved and, there-
fore, themselves conspecific. Cross (1938) and Jagoe (1940)
recognised the narrow-leaved materials of both Australia and

Malaya as belonging to Axonopus affinis Chase. Jagoe listed a

number of additional characters by which A. affinis Chase could

be separated from A. compressus (Sw.) Beauv. but, by doing so,

he made a descriptive departure from earlier descriptions by
referring to the latter species as having short peduncles.
Jagoe's illustration, and those of other workers, shows a short-
peduncled plant which is strikingly similar to short-peduncled
material which is common in West Africa. Since Swartz' des—
cription of the peduncles wag '"pedunculis longissimis", this
character has been examined in some detail and is discussed
later.

Chippindal (1985) admitited uncertainty concerning the
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identification of the South African material. He found the

leaf widths to agree with A. compressus (Sw.) Beauv. but the

spikelet lengths to be more in accord with those of A. affinis
Chase. This is also found to be the case amongst West African
material and is also considered later.

Henrard (1945) described A. compressus (Sw.) Beauv.

subsp. congoensis from the herbarium material collected by Hens
and by Pobéguin in the Congo. The main characteristic of this
subspecies 1s the greater spikelet length; up to 4 mm as com~
pared with 2.2 mm. Other differences are narrower leaves and
two additional nerves on the glume.

Peter (1990) described Digitaria flexuosa from

Tanganyika in terms which leave no doubt that it should be a
species of Axonopus, and that it is identifiable with Henrard's
subspecies congoensis. In making the new combination, Troupin
(1956) cited the herbarium materials of DeSaeger and of
Noirfalise, from the Congo, to replace the no longer extant
type of Peter. Troupin's diagnosis differs from that of Peter
by including material of greater stature and with much broader
leaves.

Avila de Araujo (1943) described a South American

variety of A. compressus as also having larger spikelets, culms

and leaves and gave 1t the varietsl name Jesuitica. This may

be identieal with West African A. flexuosus (Peter) Hubbard

ex Troupin.
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Gledhill (1962) described A. compressus (Sw.) Beauv.

subsp. brevipedunculatus from Sierrs Leone and noted that this

was very widespread throughout West Africa and apparently in
many other areas. The main characteristics of this subspecies
were the short peduncle, the broad and usually hairy leaves

and the longer hairy spikelets. It is now recognised that this
taxon is composite and can be gplit into two distinct species
and a hybrid taxon.

From the foregoing it is clear that the Axonopus
compressus (sw.) Beauv. complex, outside the American area,
consists of populations between which discontinuities of both
quantitative and gqualitative characters have been recognised.
The taxonomic treatments given to the complex have not taken
into account the genetic aspects of control over the discon-
tinuities in the variation patterns but have been based upon
means of qualitative characters exhibited by materials from
geographically or ecologically dissimilar areas. Variation
within each taxon is considerable and in consequence the taxa
are interconnected by intermediate individuals. Thus, a more
reliable concept of the taxa must embody cytological character-
istics and an understanding of the interrelationship between
taxa.

In fact, seven taxa have been recognised of which five

are given specific rank and two are regarded as interspecific
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hybrids., Two of the five species are new, as are both the hybrids,
The seven taxa are:-

1. A,compressus (Sw.) Beauv.

2. A.compressus x flexuosus Gledhill hyb.nov.

. A,flexuosus (Peter) Hubbard ex Troupin

. A.brevipedunculatus Gledhill sp.nov.

3
4. Abrevipedunculatus x compressus Gledhill hyb.nov.
5
6

. d,arenosus Gledhill sp.nov.
7. A,affinis Chase
Their diagnoses, synonymy and distributions are set out in full
in Appendix 1.

The names given to the hybrid taxa are constructed in
accordance with Article H.,l. of the International Code of Botanical
Nomenclature (1961) by the formulae in which the specific epithets
of the putative parents are placed in alphabetic order. Thus, the
names do not purport to show which parent was pollen or seed
parent, but simply that the taxa are of intermediate nature between
the two putative parent species.

From this point the seven taxa will be referred to by
their binomisls or formulae, without citation of authorities,

As has been stated earlier, the complex which these taxa
constitute today extends as a series of disjunct populations

throughout the tropics and some subtropical areas (see
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figure 1, which shows the known distribution of Axonopus
species). Introduction into Queensland and into New South Wales,
Australia, and into Singapore in 1895 was intentional. It is
also likely that introductions into other tropical areas may
have been intentional, where such areas were developing as
cattle rearing areas. Much less likely is introduction, other
than accidental introduction, into the Tsetse areas of West
Africa. Attempts were made to establish Axonopus as a cover
crop in Senegal and Morocco, but these failed. Elsewhere in
West Africa the methodical establishment of pastures, using al-
ready present Axonopus, is quite a recent practice (Nigerian
Grass Yearbook, 1948) and is confined to the non-Tsetse areas.
It is likely, therefore, that the present distribution of the
complex in Africa (throughout the medium altitude moist forest
formations of the Western Guinea area from Gambia to Angola and
across the Congo into East Africa from Kenya to South Africa)
is the consequence of easy transport of seed. This transport
may have started when these forest areas became linked by slave
trading with the American centre of origin.

With the exception of the material of A. affinis, all
the living material examined for this work is of West African
origin. The localities and their reference numbers are listed
in Appendix 2, as are the names of herbaria whose collections

have bheen examined.
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The following key and table of characteristics may
be of use in identifying the taxa to which the investigations

refer: -

Peduncles not much longer than the ultimate leaf-sheath.
Leaves and nodes glabrous; spikelets over 3 mm long and
with few adpressed hairs. A. arenosus.
Leaves and nodes hairy; spikelets up to 3 mm long and
silky-hairy.

At least the first racemes becoming fully exserted
from the ultimate leaf-sheath; ultimate leaf about

half as long as its sheath; often anthocyanosed.

A, brevipedunculatus x compressus.

Racemes seldom fully emerging from the ultimate
leaf-sheathy ultimate leaf less than half the
length of its sheath; dark green.

A. brevipedunculatus.

Peduncles much longer than the ultimate leaf sheath.
Spikelets over 2.7 mm long; racemes more than 9 cms
long, flexuous.

Stolon internodes over 12 cms long, stout.

A. flexuosus.

Stolon internodes up to 10 cms long, slender.

A. compressus x flexuosus.
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Spikelets less than 2.7 mm long; racemes less than 9 cms
long, straight.
Peduncles straight; leaves lanceolate, 6 — 9 mm
wide, sub-acutey; fertile lemma with a conspicuous

apical tuft of hairs. A. compressus.

Peduncles flexuous; leaves linear, 3 - 7 mm wide,
abruptly obtuse to sub-acute; fertile lemms with
an inconspicuous or no apical tuft of hairs.

A, affinis.

The following table of characters is supplementary

to the biometric comparison contained in Table 3.
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Table 1
A. A. A. A. A‘
compressus breviped. flexuosus arenosus affinis
fertile + equals 3/4 length 2/3 length 2/3 length equals
floret glume of glume of glume of glume glune
anther pale yellow— dark brown- dark
colour mauve brown mauve mauve mauve
stigma pale pale dark mauve dark
colour mauve mauve mauve mauve
glume obtuse sub-acute sub-acute obtuse obtuse
apex toothed toothed toothed toothed entire
glume - :
erves 4 -5 5 5 -1 5 (-7 4
leaf few, hispid, glabrous, glabrous, few,
hairs margin margin margin + margin + margin
ciliate ciliate ciliate ciliate ciliate
leaf asymmetric asymmetric =+ symmet- symmetric symmetric
apex sub—acute  + obtuse ric, sub- sub-acute obtuse
acute
tanova- + erect prone erect + erect ascending
tions -~ A
peduncles long not exserted not long
exserted exserted exserted exserted
stolons usually extensive massive few, extensive
short arched short
habit tufted spreading rank, tufted spreading
matted and
spreading
habitat bush paths ditches flood maritime onliy in
etc. banks plains cultiva-
tion

Table of some of the characters which distinguish five species of

Axonopus.




Investigations on material

brought into cultivation
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Selection of material

The use of Axonopus compressus - sensu lato - for

lawns etc. has played a definite part in the spread of the com~
plex throughout West Africa. One consequence of this is that
Axonopus appears as a ruderal weed around habitations and on
farms, embankments and ditches. Together with the shifting
nature of West African agriculture this has led to the intro~
duction of Axonopus as a component of secondary and diverted
plant communities. Axonopus under cultivation and Axonopus
growing in habitats which are not, and cannot be, cultivated
represent the two extremities of its occurrence in West Africa.
Between these two conditions, Axonopus occupies a wide range of
habitats in which human activity may have been, has been or
still is partly responsible for its presence. Although these
intermediate conditions are, in a sense, artificial, they re~
present transient stages in secondary seres and, because it is
virtually impossible to discover the past history of such habi-
tats, it is reascnable to regard them as natural and to regard
Axonopus, in them, as occurring sub-spontaneously.

In selecting material for this work, only natural
populations (i.e. those in which human interference was absent
or was evidently passive or unintentional) were sampled. No
population which looked as though it might have been intention-

ally planted was sampled for material for cultivation. Observa—
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tions were made, however, on planted populations, for the pur-
pose of examining the effects of imposed conditions and treat—
ments upon the morphology of the various taxa. These observa-
tions are considered later.

In all cases of collection by the writer (see Appendix
2), ten plants were selected at random from the populgtion.
Material obtained from other sources was obtained either as
whole plants or as seed. Whole plants were stood in water for
24 hours and were then planted in experimental beds. Seeds
were germingted on steam sterilized soil in plastic pots, and
were then planted out, either in experimental beds or into deep
wooden boxes until conditions were suitable for planting out.

The first year of growth in experimentsl beds, in all
cases, produced a closed cover, almost entirely due to vegeta-
tive spread, in which the identity of the original plants was
lost.

Selection of characters for investigation

The writer's first encounter with Axonopus was in
1955, when he identified his first collection using the Flora
of West Tropical Africa (Hutchinson and Dalziel, 1938). The
agreement with the description was so slight that further col-
lections were made and the collections in the Sierra Leone
Agricultural Department herbarium, Njala, were examined. A

number of sheets in the NWjala collection were found to bear the



- 20 -

name Axonopus africanus Hubbard but the only notes as to the

distinguishing features of this 'species' referred to its having

longer spikelets than A. compressus. A few plants were col-

lected and grown in pots and were found to remain distinct in
respect of a number of morphological characters, in addition to
spikelet length. These characters included:-

1. The density of tillering.

2. The production and length of stolons.

3. Height.

4. Exsertion of inflorescences.

5. Leaf size.

6. Coloration of leaves etc. by anthocyanin.

T. Hairiness.

8. Anther and stigma colours.

9. Fruiting.

Originally these materials were classified as A. com-

pressus or A. africanus (an illegitimate name proposed by

Hubbard for long spikelet material and which appeared in
Deighton's 'Vernacular Botanical Vocabulary for Sierra Leone’
1957). It soon became obvious that populations did not fall

into two simple categories but rather into three (A. compressus,

101 etec., in Appendix 2, A. flexuosus, 201 etc., and A. com-

pressus subsp. brevipedunculatus, 301 etc.). The second and

third of these categories were later found to be further
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divisible; the second into A. flexuosus and a putative hybrid

and the third into A. brevipedunculatus, a putative hybrid and

A. arenosus.

The early recognition of three categories arose from
the fact that much of the long spikelet material had character—
istic short peduncles. Both Henrard's (1945) description of

A. compressus subsp. congoensis and Peter's (1950) description

of Digitaria flexuosa (which Hubbard, in conversation, had sug-

gested to the writer was the basis of what had become known as

A. africanus, but which should become 4. flexuosus) refer to

their tall habit and long, flexuous inflorescences. The third

category, erected as A. compressus subsp. brevipedunculatusg

Gledhill (1962), was set up to include material with long, hairy
spikelets, short peduncles and leaves which were hispid above
and frequently anthocyanosed.

Characters such as red pigmentation and hairiness and
arching of stolon internodes do not lend themselves to easy,
critical comparison in the same way as numerical or dimensional
characters. These characters were recorded, therefore, in arbi-
trary terms; e.g. very hairy, -+ + +, hairy, + +, sparsely
hairy, +, glabrous, —, for anther and stigma colour, dark mauve,
mauve, pale mauve, or by comparison with the condition found in

A. compressus.

Both seasonal and environmental changes were found to



be accompanied by variation in genersl dimensions. This vari-
ation was detected when measurements of general dimensions were.
made in January, April and October (i.e. in the early part, at
the end and at the beginning of the dry season) and were com—
pared. The characters chosen for the biometric comparison of
the taxa were found to express the differences in general dimen-
sions adequately and reliably. They weres-

1. Lengths of culm, culm-~leaf and culm-sheath.

2. Dimensions of tiller-leaves.

3. Dimensions of stolon internodes.

4. Length of the longest raceme.

5e Length of spikelets and fertile floret.
In addition, comparisons were made of the average numbers of
spikelets produced on a single culm, the hairiness of nodes,
leaves and spikelets, the weight of fruits and the percentage
of pollen which stained with aceto-carmine.

With the later recognition of putative hybrid taxa,

anatomical characters of the spikelets, leaves, stolons and
roots were examined.

Methods of sanmpling cultivated material

As has been stated, the identity of the original ten
plants in each experimental bed was lost after they had together
formed a closed cover. This did not prevent repeated sampling,

however, and the experimental populations were examined in
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October and January, each year from 1957 to 1963. April ex—
aminations were discontinued because dieback and scorching pre-
vented adeguate sampling.

The method of selecting material from the experimental
beds was to remove ten specimens, from different parts of the
bed, each specimen having a tiller with culms and stolons. This
ensured against the possibility of obtaining as a sample mate-
rial which was all the product of only one of the original
plants.

By making two measurements for each character on each
of the specimens, a sample of twenty measurements was obtained.

The stolon internodes were scored by measuring the
lengths of the basal internode and the antipenultimate internode
of each of ten stolons. This was thought more likely to provide
more accurately comparable figures because of the differences
which exist between the taxa, in respect of the number of inter-—

nodes which are normally produced (A. flexuosus and A. compressus

x flexuosus, for example, produce long but few-noded stolons).
It was also thought that this method of sampling would tend to
correct errors which might otherwise have resulted from measur-
ing internodes at different stages of development.

Innovation leaves were sampled by measuring the lowest
unwithered leaf on the innovation. The dimensions of these

leaves have not been employed in the biometric comparison be-
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cauge théy depend upon the age and state of development of the
stolon and also upon the state of establishment of the innova-
tion itself. Since the stolons of some taxa are true ‘'creeping
stemg' and those of other taxa are arched and, finally, geni-
culate, it was thought that no true comparison could be made
between rooted and aerial innovation leaves. The characteristic
inclinations of the innovation leaves were recorded and have
been mentioned in Table 1.

Raceme length varies on one agnd the same peduncle.
The upper two racemes are of approximately egual lengths but
the third (or lowest if there are more than three) is longer.
Since some peduncles have only two racemes, it was decided to
employ the character 'longest raceme' in preference to the mean
of a sample.

Spikelet dimensions were scored from bulk, mature,
fallen spikelets. In scoring these dimensions, only undamaged
spikelets were used. Aphid damage could be detected as per-
foration of the second glume, usually accompanied by fungal in-
fection. Fallen but non-fruiting spikelets were scored. The
reason for this discrimination was that aphid attack of young
spikelets causes them to fall prematurely, but some spikelets,
which have not been attacked, grow to their full size without
fruiting. This is particularly the case in the sterile putative

hybrids.
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Methods of measurement

Measurement of the culm, its leaf and sheath, of
tiller leaves and stolons were made with a steel scale, gradu-
ated in half millimeters. This permitted estimation of lengths
to the nearest tenth of a millimetfer.

The smaller measurements were made microscopically,
using a x2 objective and a x6 ocular and with the body length
adjusted to convert the eyepiece graticule divisions into equi-

valents of 100 stage divisions each of 0.05 mm.
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Biometric comparison of the taxa
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Comparison of morphological dimensions

Tables 2, 3 and 4 attempt to compare the dimensions
of various structures in each of the taxa.

Table 2 is based upon samples of 20 measurements for
each parameter, except in the case of spikelet length, for which
samples of 100 were employed. The measurements were made in
October, 1961. In addition to the sample means, the table gives
the standard errors of many of the means (being those which were
most extensively investigated) and, in the lower part of the
table, arbitrary assessments of the hairiness of the nodes,
leaves and spikelets.

It will be seen that for most of the parameters the
taxa differ widely, even when they are grown side Dby side.

Thus, differences which were first noted in the field are shown
to be more than phenotypic responses to the influences of the
environments. Shortening of the peduncles was at first thought
to be entirely due to cutting or trampling but, although such

a response doeg occur, as will be discussed 1afer, the persis-—
tence of such shortening in three of the taxa indicates that in
those taxs the control of the short peduncle character is gene-
tic.

The standard errors of the means in Table 2 provide
expressions of the variability within each sample and also in-

dicate the significance of differences between mean values for
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Table 2

Characterisation of the taxa - the means are for samples of 20
measurements, 100 in the case of spikelet length, fruit weight and
% good pollen, and the lower figures are standard errors.

Culm length 26.3 |52.8 {56.8 }19.2 [14.3 }14.2 |27.9
+0.34 |+5L.63 | +1L11 [+0.55 |+0.43 | +0.02 | +0.55
Culm-sheath 9.1 |15.6 }25.0 {13.4 {1l.4 8.6 {14.5
+0.39 | +0.41 | +0.02 [+0.33 |40.34 | #0.03 | +0.32
Culm-leaf 6.6 8.4 7.2 7.1 4.8 2.9 3.9
+0,31 | +0.22 | +0.09 |+0.28 | +0.25 | +0.30 | +0.13
Piller-leaf 15.7 |41.4 |24.3 |11.4 }12.3 | 11.1 [17.3
length +0.24 | +0.46 | +0.67 |+0.43 | +0.34 | +0.42 | +1.04
Tiller-leaf 9.9 }14.7 }20.9 9.5 |13.5 } 15.2 7.0
width (mm) +0.33 | +0.,17 | +0.19 |+0.46 [+0.09 | +0.20 | +0.12
Stolon 5.4 7.5 {26.4 2.6 2.5 4.6 1.3
internode +0.,15 | +0.21 | +0.33 |+0,04 | +0.07 | +0.15 | +0.12
Stolon width 1.3 2.3 4.5 2.3 2.2 2.7 1.2
(mm)
Longest raceme 7.0 14.0 16.0 8.0 6.0 8.5 6.5
Spikelet 2.2 2.9 3.3 2.7 2.8 3.2 2.3
length (mm) +0.020{ +0.030} +0.022| +0.022} +0.023 +0.043} +0.023

Fertile floret 1.6 1.9 2.0 1.8 1.8 1.9 1.8

Spikelets/culm | 210 422 370 265 172 197 205

Fruit weight 20 - 30 - 30 30 20
mgm /100

% good pollen 96 17 96 30 87 95 96

Nodal hairs + + - + + 4+ + | +

Legf hairs + - - + + + - -

Spikelet hairs + + - + + + + -+
A : B C D E F G

A - A, compressus B - A. brevipedunculatus

B - A. compressus X flexuosus P -~ %. arenosus

C - A. flexuosus G - A. arfiinis

D.~ A, brevipedunculaius X compressus
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pairs of taxa. If the difference between two mean values is
less than twice the standard error, the difference could have
arisen through sampling errors, but if the difference exceeds
twice the standard error, there is a high probability that the
means are derived from two distinct populations which exhibit
little or no overlap.

The variability within each taxon can also be ex-
pressed as the Coefficient of Variation ((standard deviation
x 100) + mean) and some figures are given in Table 3.

Table 3

Coefficients of Variability

(The taxa are referred to in the same order as in Table 2.)

Culm length 5.64 1 13.38 6.77 112.48 |13.11 0.19 8.59

Culm-sheath 18.68 | 11.46 0.38 |11.74 }13.00 1.91 9.62

Culm-leaf 8.611 11.41 0.54 117.19 |22.71 |45.09 [14.69

Tiller leaf :

length 6.66 4.84 112.00 |16.44 |12.05 |16.10 |26.20

Tiller leaf

width 14.53 5.04 3.96 f21.11 2.91 0.57 Te37

Stolon

internode 12.11] 12.20 5e45 6.71 [12.19 |14.21 |40.24

Spikelet )

length 9.041 10.29 6.63 8.11 8.17 [13.38 9.95
A B C D B ® G

The most variable parameters are the stolon internodes of A. af-

finis and the culm leaf length of A. arenosus. A. compressug is

seen to be variable in culm-sheath length, tiller-leaf width and
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stolon internode length. A. compressus x flexuosus is least

variable in its tiller—~leaf dimensions but is more variable in
most of the other parameters than either of its putative par-

ents. A. flexuosus is very uniform in all but tiller-learf

length. A. brevipedunculatus x compressus is fairly variable

in 211 but stolon internode and spikelet lengths. A, brevi-

pedunculatus is also fairly variable in all but leaf width and

spikelet length. A. arenosus is very variagble in leaf, stolon
internode and spikelet lengths but is very uniform in the other
Parameters. A. affinis is variable in leaf dimensions and
stolon internode length.

A, compressus x flexuosus can be seen from Table 2 to

be intermediate between its putative parents in all the para-—
meters except leaf lengths, the numbers of spikelets per culm
and the percentage of good pollen produced (the two last will

be discussed later). This in itself suggests that it is hybrid
and appears to be confirmed by the greater variability exhibited
by it.

Table 2 also suggests that A. brevipedunculatus x com-—

pressus has intermediate dimensions between those of its puta-

ytive parents. The greater resemblance to A. brevipedunculatus

in most of the characters suggests that introgression to that
parent may have taken place. As with the other hybrid, the vari-

ability of A. brevipedunculatus x compressus is generally greater
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than that of either of the putative parents.

Table 4 attempts to emphasise the differences between
the taxa by comparipg the means of the parameters. In it,
t-values of 3.29 or less can be interpreted as showing that
there is no significant difference between that particular pair
of mean values. MNore strictly, such low t-values indicate that
the differerices may have arisen through sampling errors. OFf
the various parameters, none is found to be of wvalue in diag-
nosing every one of the taxa. EXach taxon can, however, be
characterised by one or s pair of parameters. Thus, the culm-

sheaths of A. flexuosus are of significantly different length

from those of any other taxon, as are those of A. brevipedun-

culatus. Similarly, tiller-leaf width characterises A. affinis
and culm height combined with culm-sheath length characterises
A. arenosus.

One point which appears from Table 4 is that spikelet
length alone can not be employed to define any one of the taxa.
This is an important point in the taxonomy of this group and
will be considered in greater detail in connection with the
changes in spikelet length which result from seasonal changes
and from habitat conditions, in the section on variability.

The comparison of spikelet lengths in Table 4 suggests

that there is a slight significance in the difference between

A, affinis and A. compressus but that there is very little be-
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Table '4

Significance of Differences between means

(the taxa are referred to in the same

order as in Table 2)

A B C D E 7

Culm lengths

B 15.9

C 26.2 2.0

D 11.0 19.6 30.3

E 21.8 22.9 35.6 7.1

F 30.6 23.7 39.2 9.2 0.2

G 2.5 14.5 23.3 11.2 19.4 24.8
Culm-sheaths

B 11.4

C 40.3 22.7

D 8.4 4.2 35.3

B 4.4 7.8 3945 4.2

1.3 16.9 500.7 14.6 8.1

G 10.7 2.1 32.4 2.4 6.6 18.3
Culm-leaves

B 4.7

C 1.8 5.0

D 1.2 3.7 0.3

E 4.5 10.8 9.1 6.2

F 8.6 14.9 13.9 10.3 4.9

G 8.0 17.6 21.2 10.5 3.2 3.1
Tiller-leaves

B 49.8

c 12.1 20.9

D 8.8 47.6 16.2

B 8.2 50.4 15.9 1.6

F 9.5 48.4 16.7 0.5 2.2

G 1.5 2l.2 5.6 5.2 4.6 5.5
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Table 4 contd.

A B C D E F

Tiller—leaf widths

B 12.9

C 28.9 2443

D 0.7 10.6 22.9

E 10.5 6.2 35.4 8.5

) 13.7 1.9 20.9 11.4 6.9

G 8.2 36.6 61.6 5.2 42.8 35.3
Stolon internodes

B 8.3

C 57.9 48.4

D 18.4 23.3 Tl.1

E 17.9 23.0 70.5 1.2

i) 3.8 11.3 54.6 12.6 12.5

G 21.4 29.5 98.7 9.9 8.5 16.8
Spikelets

B 20.6

C 37.8 10.8

D 17.2 5.4 19.3

B 20.1 2.6 15.7 3.1

F 21.3 5.7 2.1 10.3 8.2

G 3.4 15.9 31.4 12.6 15.4 18.5




- 34 -

tween A. flexuosus and A. arenosus. Neither putative hybrid is

significantly different from A. brevipedunculatus but the hybrids

themselves are different.

The comparative figures for the numbers of spikelets
produced per culm can be interpreted as comparative reproductive
potentials, and are considered as such in the section on repro-
duction and breeding mechanisms. The numbers themselves are
functions of the length of the racemes and the number of racemes

produced on each culm. A. compressus and A. affinis, with com-

parable spikelet and raceme lengths, also resemble each other

in the number of racemes produced on each culm. A. flexuosus

and A. arenosus, on the other hand, have comparable spikelet

lengths but the latter has fewer, shorter racemes. A. flexuosus

and A. compressus X flexuosus differ in that the lower spikelets

of the latter are separated along the raceme by intervals ap-
proximately twice the length of the spikelets, while the number
of racemes produced by the hybrid greatly exceeds that produced

by A. flexuosus. The inflorescences of A. compressus X flexuosus

have a fascicled appearance.
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Variability

The data in Tables 2, 3 and 4 do not present a full
picture of the extremes of variation within a taxon or of the
morphological overlap between taxa. Specimens collected from
the same habitat at different seasons, or from different habi-
tats at the same season, were found to have widely different
dimensions, but were also found to become inseparable when grown
under the same conditions. Similarly, certain treatments, such
as trampling and mowing, were found to induce great morpholo-
&ical modifications which can be regarded as phenocopies of
other taxa.

Four approaches have been made to the study of the
variability exhibited by Axonopus taxa for this work. They are:-
1. Culture of clonal material in various soill types.

2. Culture of clonal material under two dissimilar en-—
vironments.

3. Mowing.

4. Biometric examination of cultured material at two

Seasons.

1. Culture of clonal material in various soil types.

The first of these approaches was an attempt to inves-
tigate the affects of various types of soil (sand, sterilized
topsoil, graded lateritic soils ~ from 1.5 cm gravel down to

those fractions which passed through a 70 mesh/cm sieve) upon
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the growth of clonal material of A. compressus ( a single plant

from Wt., Aureol, 101, was used).

Tistilled water alone was supplied to these cultures
but, apart from deficiency colourations and lesions which de-
veloped in the sand and lateritic soil cultures, the difficulty
of maintaining equivalent water supplies made it doubtful that
this investigation would give any useable resulits. For example,
evaporation from the sand and larger grained lateritic soil
cultures rapidly produced a dry, protective surface layer in
which the plants were very loosely rooted. In the topsoil and
fine lateritic soil fractions, to which the same volumes of
water were added, the soil was nearly water-logged and losses
by evaporation were less. A control experiment, using a free
water surface of equal area to the exposed soil surfaces, showed
rates of loss toc the air éf up to 0.1 cc pexr hour. It was de-~
cided, therefore, that the investigation could not reasonably
be pursued without facilities for controlling the environment
and so reducing variations in soil-water-content. The investi-
gation was abandoned in favour of reciprocal transplanting of

clonal materials into two dissimilar environments.

2. Culture of clonal material under two dissimilar environments.

Single plants were removed from the experimental beds
and Wefe divided into two. Fach pair of plants was potted in

sterilized litter topsoil and one member of each pair was placed
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in a wet, shaded habitat while the other member of each pair
was placed in a dry, exposed habitat. The pots were watered
every morning and every evening, throughout the investigation.
The plants were examined freqguently but, since it was hoped to
detect the extremes of variation, only the outstandingly dif~
ferent features were recorded.

Under shaded, wet conditions, A. compressus was in-

distinguishable from West Indian material examined. Spikelet
length increased to 2.3 mm and the longest lower leafl recorded
was 20 cms long and was twisted into a loose spiral. Under the

same conditions, A. brevipedunculatus produced spikelets 3.4 mm

in length and lower leaves up to 30 cms long and twisted into

a somewhat tighter spiral. A. compressus x flexuosus produced

spikelets up to 4 mm in length but the lower leaves, which were
up to 30 cms long, were rigidly erect and had a tendency to
fold along the main nerves.

Moderate shading affects tillering and stoloniferous
spread. Under shade all taxa produced stolons and the innova-~
tions from these rooted firmly in the surrounding soil. A. fle-

xuosus was most vigorous in this respect and A. compressus was

least vigorous. Fairly heavy shade, however, reduced the vigour

of A. flexuosus in terms of stolon production. Under exposed

conditions, A. flexuosus is the least stoloniferous taxon but,

although the stolons produced by other taxa (particularly
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A, affinis, A. brevipedunculstus x compressus and A. compressus

x flexuosus) may be extensive, their innovations seldom become
established well enough to persist through the dry season.
Exposure and drier soil conditions stunted the growth

of all taxa. A. brevipedunculatus and A. arenosug produced

rosettes and shori, many-noded stolons. A. compressus and

A. flexuosus produced tussocks with few, initially arching sto-

long. Under exposed and drier conditions, A. compressus x

flexuosus was very similar to West Indian A. compressus, parti-

cularly as its spikelet length was decreased to 2.7 mm.
Differences in susceptability to wilting were also

noted. A. compressus wilted most easily and before A. flexuosus.

The leaves of A. affinis and A. compressus x flexuosus folded

but remained rigid even to the state of dehydration from which

they failed to revive after watering. A. brevipedunculatus and

A. brevipedunculastus x compressus withstood dry conditions with-

out wilting and A. arenosus exhibited a slight tendency to leaf
folding. The last three taxa developed terminal leaf lesions
which are characteristic of the first two, but not of the third,
in natural populations.

Changes in the habit of single plant pot cultures, on
which the above observations were made, are of the same nature
as those observed in less disturbed field pop_ulations. In these

latter, such factors as shading and water supply are inf'luenced
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by seasonal changes and topography. They therefore present a
much more varied but less extreme picture of phenotypic changes
in morphology than do cultures under artificial regimes. Soil
conditions in the field are influenced by the type of surround-
ing vegetation, agriculture and elevation and have a consider-

able effect on Axonopus. The most cosmopolitan taxa, A. com—

pressus, A. brevipedunculatus snd A. brevipedunculatus x com-
pressus, flourish on a range of organically rich soils and sur-
vive on agriculturally impoverished lateritic soil and sands.

A. flexuosus is confined to fluvial and alluvial soils on

seasonal flood plains and its putative hybrid, A. compressus X

Tlexuosus, has s wider distribution on similar, inlend soils.
A. arenosus is confined to sandy soils which can best be com-
pared with grey dune scils. The last taxon is difficult to
cultivate on non-sandy soils, apparently because of the absence

of the stimulus of burial by blown sand. A. flexuosus can be

cultivated on lateritic soil but loses vigour as a resuli. On
organically rich soil, hairiness decreases, anthocyanin de-

creases and in A. arenosus, A. brevipedunculatus and A. com-

pressus leaf width increases and the leaf margins become undu-
lating.
3. Mowing.
Mowing of Axonopus lawns was found to cause important

morphological changes. Similar changes were observed in natural
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populations which were grazed or trampled. Lawns are started

by dibbling in tufts of Axonopus at about 20 cm intervals. The
initial growth is stoloniferocus but consolidation of the turf

is largely due to rhizomatous growth. In order to maintain a
close turf it is necessary to irrigate'and mow frequently. Two
of the effects of mowing are to prevent flowering and at the
same time to encourage lateral vegetative spread. As the closed
turf forms, the competition between plants increases.

A. compressus, when mown, produces fewer stolons and

those which are produced have shorter internodes. This is
partly due to the ascending posture of the young stolons and
their inability to penetrate, back through the turf, to the soil.
The leaf-sheaths and leaf-blades become shorter and the leaves
narrower, in a close turf. Culms only form under humid and
overcast conditions and they are then usually inclined, rather
than erect, and the inflorescences are shorter. The shortened

culms resemble those of A. brevipedunculatus but flowering is

free, although different from flowering in isolated plants.
Bach spikelet flowers soon after it emerges from the mouth of

the leaf-sheath, so that the spikelets at the apex of one of

the short racemes contain maturing fruits by the time that the
lowest spikelets are exposed. The peduncles seldom greatly ex-

ceed the leat-sheath in length.

The narrow leaves may be as little as 5 mm wide but
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they remain distinct from those of A. affinis because they are
thinner, shorter and more acute at the apex. When a plant
having narrow leaves and short culms is removed from a lawn and
cultured in isolation, it reverts to the production of normal
width leaves and long culms and also produces stolons with long
internodes.

The much larger A. flexuosus and A. compressus X

flexuosus are not suitable for lawns, nor do they tolerate close
mowing. They can be cut down to 10 cms but this only exposes
the soil and litter which always accumulates under their rank,
high arching stolons. Nec morphological modifications have been
noted to result from such mowing.

A, brevipedunculatus and A. brevipedunculatus x com-—

pressus and, to a lesser extent, A, arenosus tolerate close
mowing. They form rosettes in which the crowded leaves are of
reduced length but normal width. Shortening of the culms is
pronounced and, as the peduncles are also shortened, only as
few as ten spikelets may be exposed beyond the mouth of the

leaf'-sheath., In A. brevipedunculatus and A. arenosus fruiting

occurs within the sheath.
A, affinis responds slowly to mowing and does not con-

solidate as well as A. compressus. It forms a somewhat open

turf with long stolons. The internodes of these are numerous

and short and the leaves from the innovations are ascending.
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The wiry culms evade cuiting by cylinder mowing machines and

no morphological changes in culm length have been detected.

4. Biometric examination of cultured material at two seasons.

Seasonal variation ih four characters is demonstrated
in Table 5 for four taxa. These four characters were chosen
because they are those which have been employed by others to
distinguish the taxa and also because the culm dimensions are
important in expressing the external appearance of ithe taxa.
Table 5 is compiled from measurements accumulsted between 1957
and 1963, except in the case of A. affinis for which the figures
were compiled from measurements made during 1962 and 1963 only.
The culm characters are based upon samples of 120 measurements
and the spikelet lengths upon samples of 100 measurements. The
mean values and their standard ée;g;ziens (s(x)) are recorded
and the values for January and October are compared by the use
of Student's t test. Values of t less than 3.29 have probabi-
lities greater than 1 in 1000 that the variation in guestion’
could be due to sampling errors. The other values are signi-
ficantly different and show that there is a seasonal change in
the gize of the organ concerned.

Recause the 'Christmas rains' and ‘'Harmatthan wind'
vary in intensity from one year to the next, and because the
wet season may end in October or continue into December, the

table is strictly a comparison of two monthly means and does
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Table 5
Seasonal Variation in Dimensions
A. compressus Mean ] S(X> L 1
Culm length Jan. 27.2 0.3083 3.25
Oct. 28.17 0.3626
Culm-sheath Jan. 8.1 0.1163 4.7
Oct. 8.9 0.1268 *
Culm-leaf Jan. 6.4 0.0968 9.18
Oct. T.7 0.1048 *
Spikelet Jan, 2.1 0.0089 1.40
Oct. 2.1 0.0109 '
A. compressus x flexuosus
Culm length Jan. 52.8 0.5263 2.19
Oct. 51.3 0.4346 )
Culm—sheath Jan. 25.4 0.3014 3.84
Oct. 23.9 0.2479 )
Culm=leaf Jan. 8.7 0.1867 2.17
Oct. 8.1 0.2046 *
Spikelet Jan. 2.8 0.0173 7.37
Oct. 3.0 0.0152 )
A. brevipedunculatus
Culm length Jan. 18.5 0.2988 13.49
Oct. 24.3 0.3042 B
Culm~sheath Jan. 10.2 0.1460 13.32
Octe. 13.6 0.1933 i
Culm-leaf Jan. 3.5 0.1077
Octe. 5.8 0.0927 16.12
Spikelet Jan. 2.5 0.0105
Oct. 2.8 0.0020 23.58
Culm length Jan. 22.8 0.5192 5.01
Oct. 27.9 0.3406 -
Culm-sheath Jan. 9.1 0.1392 12,90
Oct. 11.5 0.1287 i
Oct. 3.9 0.,0512 o
Spikelet Jan. 1.9 0.0138 4.07
Oct. 2.0 0.0014 ’




._44....

not necessarily compare the two extremes of seasonal variation.
Significantly different dimensions are shown %o occur

in the culm~sheath and culm-leaf of 4. coupressus, the culm-

sheath and spikelet length of A. compressus x flexuosus and in

all four characters in A. brevipedunculatus and A. affinis.
It would appear from Table 5 that seasonal changes in

spikelet lengths of A. compressus and A. compressus x flexuosus

are not as great as those induced by differences in habitat
conditions. This may indicate that shading may influence spike-—
let lengths more than water relations,

The spikelet lengths of A. compressus and A. affinis

recorded in Tables 2 and 5 deserve comment. In Table 2 these
are given as 2.2 mm and 2.3 mm respectively. These dimensions
are based upon a single sample taken in October, 1961, at which
time A. affinis had just been established in Sierra Leone and
was showing very great vigour of growth. In fact, it multiplied
so rapidly that it is now being planted in preference to A. com-

i

pressus. The greater spikelet length of A, affinis may have
been due to the increased vigour of p_lanis grown from selected

seed under West African conditions but, in comparative terms,

it is also due to the West African material of A. compressus

having shorter spikelets than West Indian material. The cor-
responding figures given for spikelet lengths in Table 5 present

a different picture. A. compressus there has a spikelet length
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of 2.1 mm (based on the combined samples) and A. affinis of
2.0 mm. This suggests that the initial vigour of the latter
has ceased (a very common feature in many cultivated plants in
Sierra Leone).

Correlation of culm dimensions

A further investigation of the relationship between
culm length (the distance between the ultimate node and the apex
of the inflorescence, y,) and the length of the ultimate leaf-
sheath, x, is contained in Table 6. From the 1962/63 samples of
20 measurements, taken from the same cultures as in Table 5, a
linear relationship, y = mx 4+ ¢, was solved for the constants

m and ¢. The converse relationship, x = my + Cqy Was also

™
solved for my and Cqe These solutions were obtained by sub-
stitution of the experimental values obtained for {xg gx?,
f Y, iyz, and {xy'into the derived relationships, m{gz + cé? =
ixy'and m(x + Ne = iy and the equivalent converse relationships,
ml€y2 + cliy = {xy and mlfy + e = {X. From the values thus

calculated for m and m the correlation coefficient r was cal-~

1)

culated as:-—

As the values of r always fall between +1 and -1 and as a value
of gero indicates a complete absence of correlation, the r values
provide a numerical index of the uniformity of the relationship

between the two linear characters, within each taxon. It can



FIGURE 2,

Spikelets of the seven West African taxa,

The drawings illustrate the comparative sizes and
shapes of the spikelets, fertile florets and ovaries. Théy
als§ compare the hairiness of the spikelets and the size of

the apical tuft of hairs on the fertile lemma.

1. A, affinis

2, A, compressus

3. A, brevipedunculatus x compressus
L, A, brevipedunculatus.

5. A, compressus x flexuosus

6. A, flexuosus

T A, arenosus.
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pedicel in a concavity in the triquetrous rachis. Since these
concavities alternate to the left and right of the abaxial
margin of the rachis, they confer a sinuous appearance upon it,
The lower glume is reduced to an inconspicuous rim, which faces
the rachis because of the inverse or adaxial position of the
spikelet. The lower floret is reduced to its lemma (the sterile
lemma), which resembles the second glume. The upper, fertile”
floret is hermaphrodite and has subsimilar lemms and paleas

the former may or may not have an apical tuft of hairs (see
figure 2).

The two lodicules are short, broadly cuneate struc-
tures. The three stamens have small anthers, by comparison with
the length of the spikelet. The ovary has a bipartite, plumose
stigma.

The wvascular supply to the spikelet shows no signs
of resupination in the pedicel but runs longitudinally inwards,
forming a large plexus in the rachillas (see figure 3). From
this plexus there diverge supplies to the various organs of the
spikelet. Also present in the rachilla is a mass of scleren-—
chyma at the base of the fertile floret and an abscission layer
below the glume and sterile lemma.

No evidence of intergeneric hybridisation was obtained
from investigation of spikelet structure. The spikelets of

Paspalum differ from those of Axonopus particularly in shape



FIGURE 3,

Arrangement of the parts of the spikelet,

The drawing is of a lateral vertical section. It
shows the basal pedicel with two 'wings' which are the sides
of the recess in the rachis (r). The vascular supply traverses
the abscission layer (shaded) in the base of the rachilla, and
forma a plexus (u.p) from which traces pass to the parts of the
spikelet. The margins of the upper glume (u.g.) and sterile
lemmna (s.1) overlap, and so do those of the fertile lemma (f,1)
and palea (f.p). There is a layer of fibrous tissue (sc.) at the
base of the fertile floret. The lodicules (1.) are motched at

ghe apex., The ovary has two stigmas. The stamens are net shown,
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(they are orbicular, plano-convex) and by being abaxial.

Differences which were noted in spikelet structure

are set out in Table 7.

taxonomy as proposed earlier.

These are in general support of the

Characters of the spikelet and caryopsis

(the taxa are referred to in the same order as earlier)

Glume veins 45 5 5-17 5 5 | 5(-7) 4
Glume hairs few— few |[few or copious few
many none
Glume apex scattered hyaline teeth tentire
: i : : :
Reticulation . . very
e 1 minutely rugose finely
o emma, rugose
f f !

. absent or
Hair tuft conspicuous reduced very much
on lemms /

reduced
Fertile floret .
- - +
/zlume length | °2u1 2/3 | #2/3 | 2/3 - 3/4 | +2/3 | tequal
Embryo/grain P
. + ?

length 1/3 —;/2 1/é

A B G D B F G

Caryopsis and embryo

The taxa differ considerably in the development of

the caryopsis;

these differences mainly concern the cytology

of embryo-sac formation (which is considered later) but there
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are also differences in fruit setting and the relative sigze of
the embryo to the caryopsis.
Low fruit setting is characteristic of the two hybrid

taxa, A. compressus x flexuosus and A. brevipedunculatus x com-

pressus, and also of destruction by aphids, particularly in

A. compressus.

In both A. brevipedunculatus and A. .arenosus fruits

are formed within spikelets which remain enclosed within the
vltimate leaf sheath. This condition is not found in other
taxa.

All the caryop_ses have punctate hila and, in the
mature state, are closely embraced by the fertile palea and
lemma. The fertile floret remains enclosed by‘the sterile lemma
and second glume and at maturity the whole spikelet disarticu-
lates at the base of the rachilla.

The embryo, in all the taxa, has a deep cleft between
the coleorhiza and scutellum and the base of the coleoptile is
remote from the point at which the scutellar vascular strand
enters the embryo. There is no epiblast. These are all fea-
tures characteristic of the Panicoid grasses and no variation
was noted betwéen the taxa.

Differences in caryopsis structure are also contained

in Teble 7.
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Flowering axis

The abbreviated conical axis,bearing the inflores-
cences, and the stolons represent two extremes in the develop-
ment of the aerial stem, in Axonopus. In the former, each in-
florescence is produced from the apical meristem and the stem
axis elongates from the axil of a reduced leaf (if the entire
structure were to be elongated, the condition would resemble

that found in many Androbpogoneae). The abbreviated axis and

its acropetal series of inflorescences is confined within, and
derives mechanical support from, the ultimate leaf-sheath (see
figure 4, a). The abbreviated axis contains a pelxus of anas-
tomosing vascular bundles from which the inflorescences and the
reduced. leaves receive their supplies. The peduncles of the
inflorescences have intercalary meristems, by which they elon-
gate to expose the spikelets beyond the mouth of the leaf-sheath.
The vascular arrangement in the base of the ultimate
leaf~sheath consists of alternating large and small bundles,
each with a large fibrous supporting sheath which is most pro-
nounced towards the periphery (see figure 4, b). At the sheath
margins the fibres alone are present and are situated immedi-
ately under the epidermis. At the mid-nerve a number of bundies
is grouped towards the periphery. The inner epidermis contains
conspicuous opals {opaline silice cells) overlying the mid-nerve

region. Opals are not present in the delicate, reduced leaves




FIGURE 4,

The anatomy of the abbreviated conical axis bearing the
inflorescences.

Inzthe arrangement of the ultimate leaf-sheath (l.s.)
and three peduncles (pi, pii and piii) are shown in vertical
section. In b, the arrangement of the ultimate leaf-sheath, first
peduncle (pi), first reduced leaf (rli) and conical axis (c.a) are
shown in transverse section. Vascular bundles (shaded) are shown
in b,

The peduncles are leaf opposed; pi to the leaf-sheath
(1.s.), pii to the first reduced leaf (rli), piii to the second

reduced leaf (rlii), etc..



FIGURE 4




within the sheath.

The taxa differ in the number of inflorescences which
are produced on the abbreviated axis and in the dimensions of
this axis and the ultimate node, but neither of these characters
is reliable, taxonomically, since each is affected by growing

conditions.

Stolon internodes

Unlike the abbreviated axis, the lower part.of the
flowering stem and the stolons have elongated internodes whose
intercalary meristems allow for their elongation and also for
their upwards, geniculate curvature (in the case of flowering
stems) or downwards, arching curvature (in the case of stolons).
In the penultimate internode of the flowering stem this elonga-
tion and curvature is accompanied by rubturing of the central
parenchyma to give a fistulose structure. This is seldom found
to occur in the stolon internodes, except on drying. 1In all
other structural respects these two types of stem are identical
and in order to obtain comparable data for this account sections
were prepared from the third internode of stolons, above the
intercalary meristem.

The stolon internodes have a parenchymatous ground
tissue and the peripheral cells of this contain chloroplasts.

The central spongy parenchyma consists of enlarged cells and



...59._

large intercellular spaces. Only in the most massive stolons

of A. flexuosus has the apical portion of this spongy parenchyms

been observed to become fistulose before drying out.

Mechanical tissues (figure 5) include a double layer
of sub-epidermal collenchyma cells, the bundle sheaths and a
band of sclerenchyma which delimits the outer 'cortical' paren-—
chyma from the inner 'medullary' parenchyma.

The individual bundles are arranged somewhat irregu-
larly in three layers; one within the fidbre layer and consist-
ing of large bundles, one within or adjacent to the fibre layer
and one outside the fibre layer. The innermost bundles are in
one to three more or less concentric series. The outermost

bundles are small leaf trace bundles and are most conspicuous

in the larger stolons,which are relatively more compressed.
This suggests that it is a mode of increasing mechanical support.
The bundles have a sheath of small diameter fibres
within which the phloem consists of quite large diameter sieve
elements and the xylem consists of three radially tiered proto-
xylem vessels flanked on each side by a single large metaxylem
vessel. In the more elongated stolons lysigenous cavities may
form near the protoxylem. Fusion of bundles, especially in the
region of the fibre layer, results in an amphivasal structure.
The differences in stolon anatomy are summarised in

Table 8 and illustrated in figure 5.




FIGURE 5,

Variation in stolon anatomy.

The drawings are of transverse sections of the third
(antepenultimate) internode, sbove the intercalary meristem.
The most obvious differences are those of size, the arrangement
of the vascular bundles, and the width of the fibrous band (Sca)e

a. A, arenosus

b. A, brevipedunculatus

c. A. affinis

d., A, compressus

€. A, flexuosus,



FIGURE 5
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Table 8

Differences in stolon structure

(The numbers represent increasing orders of conspicuousness.

The taxa are referred to in the same order as earlier.)

Size in T8 2 5 7 4 3 6 3

Keeling 7 6 2 5 4 3 1

Fibre layer 2 1 3 1 1 1 1

Bundles in

fibrous layer 3 1 1 ! 2 1 3
A B C D B F G

Figure 5 shows diagramatically the arrangement of the

bundles and fibre layers in A. compressus (d), A. arenosus (&),

A, flexuosus (e), A. brevipedunculatus (Bb) and A. affinis (e).

It can be seen that the width of the fibrous layer is accen-
tuated by the juxtaposition of bundles and is most conspicuous

in A. flexuosus and A. compressus. The small number of leaf

trace bundles in A. compressus and A. affinis suggests that in

these two species the traces remain associated with the fibrous
layer instead of running outwards into the outer parenchyma as
in the other species.

The stolon internode is the equivalent of the peduncle
in ontogenetic terms. The development of the peduncles, however,
is definite and leads to the production of the racemes. That

of the stolion is indefinite in so far as each internode forms




FIGURE 6,

SEEDLINGS OF A,COMPRESSUS

Ba The coleorhiza penetrates the fertile lemma and glume
before the radicle emerges. The coleoptile attains a length

of about L4mm, before it is ruptured by the first leaf.

b, The first leaf is initially inrolled and erect, but
expands and becomes inclined at an angle of h5o, or less, as

it matures.,




FIGURE 6
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as a consequence of the activity of the apical meristem and
this process is repetitive. The innovations, like the abbrevi-
ated axis of the culm, is axillary but unlike the abbreviated
axis an innovation may give rise to a lateral stolon and so
exhibit further indefinite growth. This last is commonly found

in A. compressus, A. arenosus, A. brevipedunculatus, A. brevi-

pedunculatus x compressus and A. affinis. In A. flexuosus the

‘high arching stolons have up to 4 very long internodes and the
lower nodes do not come into contact with the soil. The inno-~
vations at these lower internodes produce branches from which
one to several flowering shoots may arise. The apex of the
stolon produces a terminal flowering shoot and sometimes also

a number of extravaginal ones. The hybrid A. compressus x

flexuosus also produces extravaginal flowering shoots.

The leaf

The first leaf of the séedling ruptures the coleop-
tile when the latter is some 4 mm in length, in dish germinated
seeds. The leaf is initially inrolled but expands to about
9 mm in length and 2 mm in width (see figure 6). It becomes
inclined at an angle of 450, or less, to the horizontal. Being

. broad, relative to the length, and spreading are both Panicoid

features.

The epidermis of grass leaves 1s characterised by




FIGURE 7,

Variation in the form of leaf epidermal cell opals.
A, The range of form of the siliceous bodies found in

the leaf epidermis of A.,compressus. Top row:-bplan views of

dumb-bell, two forms of tri-partite, and cruciform opals.
Second row :=- profile of dumb-bell opal (left), and a siliceous
plate from an intercostal cell,

B. Plan and profile views of dumb-~bell opal from

A brevipedunculatus,

C. Plan and profile views of triparlite and dulb-bell opals

from A.flexuosus.,

D. Plan and profile views of dumb-bell opal from
A,arenosus,

E, Plan and profile views of dumb-bell opal from A.affinis.
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FIGURE 8,

CHARACTERS OF THE LEAF EPIDERMIS.

a. Opaline silica cells in the epidermis above one of
the larger subsidiary leaf veins (above) and cruciform opals in
epidermal cells above s small vein. One stomum is shown in the

intercostal region, with triangular subsidiary cells.
b. Two examples of short hairs from the leaf margin,

C, Orbicular base of an epidermal hair, sunk beneath the level

of the epidermal cells,




FIGURE 8
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having some cells with siliceous contents. These opaline silica
cells are short costal cells in which the opals, or silica
bodies, are dumb-bell shaped or abbreviated to a cruciform shape
or slightly elongated to a tripartite, nodular shape. The range
of variation in opal shape is illustrated in figure 7.

The opals are produced in 3 to 5 rows over and below
the larger veins and in single rows over and below the sub-
sidiary veins (figures 8, a and 9). The intercostal long cells
have sinuous walls, those between the stomata being quite short
and having concave ends (figure 8, a). Macro-hairs, when pre-—
sent, have sunken orbicular bases and are thick walled and

tapering (figure 8, c¢). Stomata are superficial and have tri-

angular subsidiary cells.

The general structure of the leaf, as seen in trans-
verse section, is shoﬁn in figure 9. The numerous vascular
bundles are not conspicuocusly angular. The smaller bundles con-
sist of an inner (fibrous) sheath of as few as four sclerenchyma
cells, no distinct outer sheath, few tracheids and little phloem.
The larger bundles have a single inner sheath (is), an indis-~
tinet outer sheath layer, intravascular fibres (if) between the
fairly copious phloem and xylem and blocks of narvow diameter
fibres, or girder sclerenchyma (g) either between the hundle
sheath and the lower epidermis or between the sheath and both

the upper and lower epidermis. The term girder 1s applied




FIGURE 9,

o —————

VARTATION IN LEAF ANATOMY

1. General structure, as seen is transverse section in
the region of & large subsidiary vein, HC, hinge cells of
the upper epidermis. LS, single inner sheath of vascular
bundle., G, girder sclerenchyme above subsidiary bundle. O,

opaline silica cells, IF, intravascular fibres. M, mesophyll,

2. Median region of A.,brevipedunculatus, showing adaxial

girder (hatched) median vascular bundle (solid) and abaxial

hinge cells,

3. Mediannerve region of A.flexuosus, showing deep V-shaped

appearance of hinge cells.

L, Median nerve region of A.arenosus showing shallow

V-shaped appearance of hinge cells,
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because of the resemblance betwsen these fibrous structures
and the web of a girder. The principal bundles have large ab-
axial girders but the adaxial ones are revlaced by groups of
large hinge-cells (hc), the collapse of which results in the
lengthwise folding of the leaves on drying. The median keel is
conspicuous with a single abaxially girdered bundle and two or
three subsidiary bundles laterally. The hinge cells above the
median nerve show differences in the several taxa and some of
these are illustrated in figure 9.

The mesophyll hés an incipient palisade structure

(figure 9, m) sdaxially to the smaller bundles but 1s otherwise

semi-radial. Apart from dep_ressions over the principal nerves,
the upper epidermis is smooth. VWhen present, hairs have their
bulboug bases sunken in the epidermis of the intercostal bands.
The lower epidermis is swooth.

Hairs on the leaf margins (figure 8, b) are either
long and tapering, from g sunken orbicular base, or are short
and slightly curved, from the two rows of thickened marginal
cells. These latter are supported by two submarginal rows also
consisting of thick walled cells.

The main anatomical differences in leaf structures

are summarised in Table G.




Table 9

Leaf anatomy

(The main features which distinguish a taxon, only, are pre-

sented. The taxa are referred to in the same order as earlier.)
thicker hornéd o
Opals in in | g“.“if
profile profile rucilorm
Girders most pro-—
nounced
large, rounded
Hinge cells in deep V shallow
v
least
Mesophyll pallisade
like
Epidermal none most few none
hairs copious
Marginal £ Lew
farglka. few izhgr widely
ong hairs spaced
Marginal .
. most pro-
short hairs nounced
(teeth)
B C B 7 G

The
gated cells.

verse section

and their radial and inner walls are thickened.

Root hairs arise centrally from these. In

young root has a uniform epidermal layer of elon-

trans-—

the epidermal cells are slightly elongated radially

The outer cor-
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tical parenchyma is composed of isodiametric cells towards the
outside znd tiers of trapezoidal cells towards the centre. ¥No
distinct endodermal layer is evident in the young root. The
inner parenchyma is spongy and envelopes up to twenty primary
vascular elements.

Root hairs persist throughout most of the length of
old roots and only after the formation of a four cell thick
layer of fibre in the oulermost cortex are the piliferous and
hypodermal layers sloughed off. Within the fibrous layer the
cortex becomes lacunar towards the outside (figure 10) and the
trabecular portions often collapse. The endodermis of older
roots is well developed and has very thick inner and radial
walls. Within the endodermis the stelar region developes as a
fibrous ground tissue within which about ten metaxylem elements
can be detected (the number varies with the size of the root).
The centrifugal protoxylem is compressed and difficult to dis-
tinguish from the fibre. FPhloem groups are more numerous than
metaxylem elements; usually about three times as numerous.

Since no variation in root anatomy has been detected,
which was not related to root size, and since size variation
in a single plant is considerable, no value can be attributed
to root anatomy as a taxonomic criterion within this group. It
is of interest, however, that the numerical relationship between

phloem and xylem groups has not been noted by Metcalfe (1960)




FIGURE 40.

‘e Transverse section of young root. Beneath the pilifercus
layer, the outer cortical parenchyma (oc) is composed of
iscodiametric cells, and the inner cortical parenchyma is composed
of radially tiered cells. The primary vascular elements (px)

are shown, shaded,

2. Trensverse section of an 0ld root, The root hairs (rh)
persist for some time, after the formation of the fibrous layer
(£) in the outer cortex. Within the fibrous layer, the cortex
becomes lacunar(l). Within the endodermis (e) the stelar region
hazs a fibrous ground tissue, in which are shown eight metaxylem

elements,




FIGURE 10
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in his treaztise on the anatomy of the grasses; especially as

this feature is to be seen in both Paspalum conjugatum and

F. commersonii, the latter being described in some detail by

Metcalfe. It is clear that large metaxylem elements do not
form in every primary xylem group. This lack of differentiation
and the copious formation of sclerenchyma may account for the

apparent discrepancy.

A number of anatomical differences are of taxonomic
importance.

The relative lengths of the fertile floret and the
glume, although affected by environmental changes in overall
spikelet length as described ezrlier, permit the recognition of

A. compressus and A. affinis (in both of which the fertile flo-

ret almost equals the glume in length) as distinct from the
other taxa (in which the glume is considerably longer than the
fertile floret). The glume apex of A. affinis is entire or,

at the most, only slightly irregular at the margin. All the
other taxa have minute hyaline teeth on the margin of the glume

apex. These are minute in A. compressus,and have the appearance.

in A. flexuosus and A. arenosus. of irregular laciniations.

The apical tuft of hairs on the fertile lemms is inconspicuous

in A. brevipedunculatus and mostly lacking entirely in A, arenosus
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and A. affinis. The nerves of the glume distinguish A. flexu-

osus, although A. arenosus may have a similar nerve arrangement.
The length of stolon internodes has already been dis-

cussed. The anatomy of these provides the distinguishing fea-

tures of the large amount of sclerenchyma in A. flexuocsus and

the most pronounced keeling in A. compressus.

All the taxa show much variety in the form of the

opals of the leaf epidermis. A. flexuosus has thicker opals

than any cf the other taxa and A. arenosus opals appear to have
extended upper marging, when seen in profile, which give them

a horned appearance. The large hinge-cell region of the leaf,

above the mid-nerve, is most extensive in A. flexuosus and 1is

least pronounced in A. arenosus and A. affinis. This agrees
with the observations on wilting behaviour in these taxa.
The evidence obtained from the anatomical investiga-

tions supports the taxonomic proposals.
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Cytological variation
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Within the Paniceae the basic chromosome number for

the genera Oplismenus, Leptocoryphium, Isachne, Paspalum, some

species of Urochloa, Stenotaphrum, many species of Panicum is

10, and this is apparently the case in some species of Axonopus

and several other grass tribes.

Records of the chromosome num-

bers of species of Axonopus include the following:-

A,

argentinus Parodi

. var. genuinus

. var. glabriflorus

- var. glabripes

.o var. hirsutus
hagenbachianus (0.Kze) Parodi
longicilius (Hackel) Parodi
pressus (Nees) Parodi

suffultus (Mik) Parodi

. var. pubiflorus
scoparius (Flligge) Hitch.
iridaceus (Mez) Hitch.

compressus (Sw.) Beauv.

furcatus (Fliigge) Hitch.

n=18 .o
n=19 .
n=19 .
n=18 .
n=21 .
n=22 .
n=23 -
n=23 .o

2n=40 DeWet & Anderson, 1956.
n=23 Parodi, 1938.

2n=20 Dedecca, 1956.

2n=20 Nunez, in Parodi, 1946.
2n=20 Delay, 1950.

2n=40 Janaki-Amal, 1945.
2n=56-60 Nunez, in Parodi, 1946.
2n=40,50,60 Delay, 1950.

2n=40 Brown, 1950.
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A. affinis Chase 2n=80 Burton, 1942.

.o 2n=80 Brown, 1948.
Carnahan and Hill, 1961, recorded the diploid number of A. af-
finis as 54, but this apparently was due to a card indexing
error by those authors (personal communication).

Materials and methods

For the examination of somatic chromosome numbers,
actively growing culms were selected at random from the experi-
mental beds and cultured in Bristol's solution (Peacock, 1940).
The roots selected for examination were the newly developing
adventitious roots of up to 1 cm length and 0.5 mm diameter.
Roots of these dimensions were found to have more cells in di-
vigsion and to have larger cells than roots of greater or lesser
length. Cell division was found to be most active during the
night and the culms were transferred to a solution of a-mono-
bromo-naphthalene at 8.0 p.m., in which they were kept at 1200.
for two to three hours. This was found to inhibit spindle for-
mation and to prevent the clumping of the chromosomes, which is
a common feature in grasses. Fixation was allowed to proceed
overnight at -6°C. in 70% alcohol in 1% lactic acid (Jacobsen,
1954). This fixation gives material which squashes easily and
so allows the wide separation of the chromosomes.

Synthetic Orcein (LaCour, 1941) was found to give good

staining but tended to differentiate less well than iron-aceto-




carmine.

A number of transverse sections was prepared by wax
impregnation through a tertiary butyl alcohol series, sectioning,
and staining with Lugol's iodine and crystal violet. There were
found to be less useful than the squashes for chromosome number
determination. Meiotic chromosome behaviour was examined by
preparing anther squashes. Young anthers were dissected out of
the spikelets on inflorescences which were still confined within
the ultimate leaf-sheath. This was done at 8.0 a.m. and the
anthers were fixed for 24 hours in fhe alcohol/lactic acid
medium. It was found possible to store the anthers at -6°¢.
for several weeks. Microsporogenesis was investigated by split-
ting the anthers by hand, under a binocular microscope, and then

proceeding as with a root-tip squash, using iroh-aceto-carmine.

In the following account of the cytological findings,
the taxa are dealt with individually and the meiotic behaviour
during microsporogenesis is expressed in the tables as chromo-
some configurations at diakenesis. Thus, bracketed figures in-
dicate the occasional observation of a particular associastion
(iv = quadrivalent, iii = trivalent, ii = bivalent, i = uni-
valent) and 'multivalents' signifies highly irregular behaviour
in which the chromosomes associated in a complex mass and had

the appearance of being 'sticky', due to numerous attenuated
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interconnections.

Table 10
A. compressus
Material Somatic number . Mic?osporogenesis
iv iii 1i 1

101 40 (~42) - - 20 (-2)
102 40 - - 20 -
103 40 (~44) -1 - 20 (-4)
104 40 - - 20 -
105 40 - - 20 -
106 40 - - 20 -
107 40 (-44) (- - 20 (-4)
108 40 - ~ 20 -
109 40 - - 20 -
110 40 - - 20 -
‘111 40 - - 20 -

(Figures 11, a and b are of preparations made from 102.)

The somatic chromosome counts show a uniformity which
serves to confirm the morphological delimitation of the species.
The higher somatic counts (bracketed figures for 101, 103 and
107) were found in only a few of the roots examined.

Some difficulty was found in obtaining a satisfactory
dispersal of the chromosomes and cells were freguently burst.

Since this bursting raised the possibility of losing chromosomes




FIGURE 411,

A,compressus. a. Root-tip squash, pretreated with a-mono-

bromo naphthalene, showing 40 chromosomes, of which cne pair
{arrowed) have conspicuous trabants.

b. P.M.C, at diakinesis, showing 20 bivalents
and a single nucleolus.

(Phase contrast photomicrographs.)
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burst cells were disregarded and the certain counts of Z2n=40
(see figure 11, a) were made on intact cells. These show one
homologous pair of chromosomes with conspicuous trabants
(arrowed in the figure) and it may be that it is the rupturing
of these which gives rise to the occasional appearance of two
additional chromosomes. Since, however, the evidence of the
meiotic counts shows that, in the same materials which occasion-
ally gave somatic counts greater than 40, additional univalents
or tetravalents were occasionally observed, it may be assumed
that additional or B-chromosomes are present in some plants of
this species. The quadrivalents recorded, in 103 and 107, might
result from secondary association which is known to occur be-
tween B-chromosomes, and alsc between fragmenis, because of
their remote homology. The association supports the view that

4. compressus should be regarded as tetraploid.

It must be mentioned, however, that the small chromo-
somes of these grasses (the longest bivalent in figure 11, b is
less than 3.8 microns} are difficult to interpret when super-—
imposed and that the interpretation as a gquadrivalent may be

incorrect.




FIGURE 42,

A, flexuosus a. Root—-tip squash, pretreated with a-mono-

bromo naphthalene, showing 60 chromosomes.

be. PM.C., first anaphase, showing normal

reducticn.

(Phase contrast photomicrographs).
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Table 11
A, flexuosus

Material Somatic number Microsporogenesis
iv iii ii i
203 60 - - 30 -
205 60 - - 30 -~
206 60 - - 30 -
207 60 - - 30 -

(Figures 12, a and b are from preparations made from 206.)

The somatic counts serve to confirm the morphological
recognition of this species. The somatic counts are confirmed
by the regular meiotic forxrmation of 30 bivalents. The regu-
larity of the meiotic behaviour suggests an allopolyploid con-
stitution. The species may be regarded as a hexaploid, derived

from the amphidiploid, A. compressus, but this will be con-

gsidered in greater detail in a later section.

Table 12
A. compressus x flexuosus
Material Somatic number Microsporogenesis
iv iii ii i
201 48-54 4 (1) 17-19 (4)
202 50-54 multivalents
204 50 multivalents

(Pigures 13, a and b are from preparations made from 201.)




FIGURE 13,

A,compressus x flexuosus. a. Root=tip squash, pretreated

with e~monobromo naphthalene, showing 54 chromosomes:,

k. P M.C. at diskinesis, showing
'stickiness' of chromosomes and a single nucleolus.

(Phase contrast photomicrographs).,
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The somatic counts support the view that these nate-~
rials are hybrid. The habitat of the 204 material is not known
but the somatic complement suggests formation of the hybrid by
union of x = 20 and x = 30 gametes. This might also be the case
in the 201 and 202 materials which, in addition, have accumula-
ted up to four additional chromosomes. The 201 material also
suggests that chromosome losses might have followed such a
hybridising process. No 2n = 60 material has been detected in
the original habitat of the 201 material, however, so that it
appears more likely that they have resulted from a union between
gametes both of which carried extra chromosomes. This would
greatly depend upon both the gametes being functional and also
upon either the previous accumulation of additional chromosomes
or an irregular first division segregation in both mega- and
microsporogenesis. An alternative explanation might be that
these higher chromosome numbers have arisen by the somatic asc-~
cumalation of additional chromosomes alone. This would be
facilitated in a closed turf, under conditions favouring all
the year active growth, by the strongly vegetative growth of
these grasses. Clonal individuals formed thus would differ in
somatic number and would tend to exclude seedlings, by physical
competition. Seedlings would subsequently become less frequent
due to the chromosome conditions causing increased meiotic

irregularity.




FIGURE _4i4,

A,brevipedunculatus, a. Root~tip squash, pretreated.

with a~monobromo naphthalene, showing 40 chromosomes.

. P.M.C. at diakinesis, showing
20 hivalents and %wo nucleoli (one much smaller than the

other),

(Phase contrast photomicrographs).
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All these materials are approximately pentaploid and
are to be expected to show both meiotic irregularity and infer-
tility. It is of interest to note that, in 201, tetravalents
are formed rather than univalents and that in all the materials
there is a great amount of homology which leads to the forma-
tion of multiple chromosome configurations rather than of bi-

valents. These points will be discussed later.

Table 13
A. brevipedunculatus
Material Somatic number Microsporogenesis
iv iii ii i
302 40 - - 20 -
306 . 40 - ~ 20 -
307 40(-42) - - 20 (-2)

(Figures 14, a and b, are from preparations made from 302.)

These materials are cytologically similar to A. com-
pressus. The occasionally recorded somatic number of 42 gmild be
again regarded as being due to acentric fragments and this ap-—
pears to be confirmed by the occasional observation of two 'uni-
valents' during microsporogenesis, but it is equally probable
that the two extra chromosomes are B-chromosomes, and this is

the more likely explanation.




FIGURE 15.

A brevipedunculatus x compressus.

a., Root-tip squash, showing 4O chromosomes. Pretreated
with a-monobromo naphthalene, The darkest mark at the left is an
artefact.

b, P.M.C. at diskinesis, showing 14 bivalents (16 were
distinguishable in the preparation), a trivalent (iii), a quadri-
valent (iv) and a univalent (i). Two nucleoli are also visible.

(Pase conrast photomicropraphs)
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Table 14

A. brevipedunculatus x compressus

Material Somatic number Microsﬁorogenesis
iv iii ii i
301 40 (1) (1-3) 16-20 ()
303 40 - (1) - 1u-19 (8)
305 40 multivalents

(Figures 15, a and b, are from preparations made from 301.)

The somatic counts support the view that these mate-
rials are hybrid. The materials are all from transitional
habitats in which populations of both putative parent species
occur side by side and are subject to disturbances by man.

The meiotic configurations suggest that there is con-
siderable homology between the genomes of the two parental
species. The formation of multiple chromosome configurations
may be due to small differences in parental genome structures,
such as inversions and interchanges, but it has not been found

possible to interpret them precisely.

Table 15

A. arenosus

Material Somatic number Microsporogenesis
_ iv iii ii i
304 60 - - 30 -
308 60 - - 30 -

(Pigures 16, a and b, are from preparations made from 308.)




FIGCURE 16.

A,arenosus, a. Root=tip squash, pretreated with

acenaphthélene, showing 60 chromosomes.

b. P,¥.C. at diakinesis, showing 30

bivalents.

(Phase contrast photomicrographs).,
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The somatic chromosome counts serve to confirm the

distinction between this species and A. brevipedunculatus ,and

also show A. arenosus to be hexaploid. As for A. flexuosus,

the regularity of pairing suggests allopolyploidy.

Table 16
A. affinis
Material Somatic nunmber Microsporogenesis
iv iii ii i
401 80 - - 40 -
402 80 - - 40 -

(Figures 17, a and b, are from preparations made from 401.)

The somatic counts confirm the morphological delimit-
atioh of this species and also show 1t to be octoploi&.

The cytological evidence will be discussed in the last
chapter when it will be assessed in the light of the addiiional
information obtained from the examination of artificial hybrids
and of currvent views arising from other workers' findings on

other plants.




FIGURE 17,
A,affinis, a. Root=-tip squash, pretreated with
a~nonobromo naphthalene, showing 80 chromosomes.
B, P.M.C., at diakinesis, showing 40
bivalents.

(Phase contrast photomicrographs).
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Reproduction and breeding mechanisms
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Vegetative reproduction

It has been seen that all the taxa under consideratioh
have rhizomes and stolons,and that there are differences in the
size and behaviour of the latter. In all the taxa, ecological
success against other competing species is largely dependent

A

upon the efficiency of stoloniferous growth. Thus A. compressus,

A. brevipedunculatus and A. affinis produce numerous many-noded

stolonsg with short internodes when grown on open ground, where

ephemerals provide the main competition, and A. flexuosus has

few-noded stolons with long internodes, which enable it to com-
pete with the taller competitors in the herbaceous margins of
riparian forest. In most regions of West Africe, the climax
vegetation is composed of very tall plants (the various forest
and thicket communities) or is too arid to support herbaceous
perennials such as Axonopus. The competitive ability of Axono-~
pus appears at its most efficient in biotically disturbed or
controlled habitats, where the disturbance or control has been
directed against woody growth but has not been so drastic as to
produce drier, savanna-like areas.

Stoloniferous growth provides for the rapid covering
of open so0il surfaces and, if competition from other species
is to be overcome, for the production of a clonal population.
This would be the case if a single seedling.succe$sfully colo-

nised an area by vegetative spread alone. Decay of the basal
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portions of the stolons results in multiplication of the parent
genctype by detaching the innovations from each other and from
the parent plant.

Perennation by rhizomes also favours the process of
vegetative multiplication but, since the rhizomes are short, it
favours more intensive cover of the ground already occupied,
rather than the colonisation of new ground.

Vegetative propagation, although having the primary
effect of producing new individuals with the same genotype as
the parent, also affords a possible opporitunity for perpetuating
cytological changes which might occur in the somatic meristems.
Chromesomal structural changes, and gains or losses of chromo-
somes which become established in a somatic meristem, might be
perpetuated and multiplied vegetatively by the action of that
meristem. A consequence of this would be that the vegetatively
produced offspring of a single plant would differ amongst them-
gselves in respect of chromosome structure or number.

Dispersal of Axonopus by vegetative means plays a
greater part in its spread into new habitats than is normally
the case in terrestrial angiosperms. Populations established
by man may be composed of individuals which have been trans-—
vorted over great distances and are then, at least initially,
exposed to conditions which favour turf formation and reduce

competition from other species. Such massive bursts of vege-
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tative dispersal are of brief duration, but they have the result
that a population so established may consist of individuals
from a few, or even a single clone. The process tends, there-

fore, to create a series of uniform populations.

Axonopus compressus - sensu lato - is favgured as a
lawn grass and cover crop in 3ierra Leone and elsewhere,partly
because it can be made to cover the ground rapidly and partly
because 1t is at least as successful under the climatic con-
ditions here as any other lawn or cover grass. In drier ter-

ritories, Stenotaphrum is preferred because of its more xero-

morphic properties, but it does not tolerate the soil water-
logging which characterises the wet season in all but the sandy,
coastal pabts of Sierra Leone. Cynodon is the only other ex-
tensively used lawn grass but, although it covers the ground
rapidly and is also well adapted to the climate, it has been
found to encourage sand-flies (Culicoideae) and is less popular
than Axonopus.

The vegetative vigour of Axonopus is most obvious
during periods of very active growth. During the dry season
approximately from October of one year to April of the follow-
ing year) termites consume any litter upon the soil surface so
that little remains, in féirly exposed habitats, except the
larger pieces of woody debris and the living portions of hemi-

cryptophytes. In the account which follows, the sudden and con-
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spicuous bursts of vegetative development of Axonopus are re-
lated to the meteoroclogical changes which occasion such activity.
It is the great vigour of Axonopus under such conditions which
enables it to colonise open soil in competition with many other
herbaceous plants,and which makes such bursts of activity so
conspicuous.

During the dry season of 1957/58, it was noted that
periods of active growth were dictated not only by rainfall,
humidity and temperature but also by wind, cloud, haze cover
and by the extent to which the water content of the soil had
been depleted. More than 4 ins (10.2 cms) of rain fell on
January lst, 1958, to be followed by hot dry conditions but no
flush of growth. Over the period March 28th - 30th, 1% ins
(3.25 cms) of rain, during a period of cooler, humid conditions,
produced a burst of very active growth. Minor periods of acti-
vity were noted tc have followed periods of high humidity which,
during the early part of the dry season, were accompanied by
characteristic early morning ground mists. The more noticeable
activity towards the end of the dry season was found to occur
only when rainfall had been followed by wind conditions which
allowed cloud cover or haze to maintain a high atmospheric
humidity. Thus, 0.29 ins (0.74 cms) of rain on May 2nd, 1958,
followed by three almost windless days, produced a noticeable

period of active growth. The three days after the rain were
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humid and the night temperatures remained between 64 and SSOF
(17.8 and 14.500). An earlier (January 1st) fall of rain of
1.57 ins (4 cms), which was caused by the wind backing to the
N.BE. during a Harmattan period from the E to S.E., was accom-—
panied by hot, dry atmospheric conditions and did not result in
a period of active growth.

Of the measurements made during the examination of
periods of active growth, low ground temp_erature shows the
closest association. Allowing thet there must be a period of
lag before growth becomes obvious, grass temperatures (the tem-~
perature as recorded at the soil surface on a lawn) of 69 - 66°F
(20.6 - 1900) were noted following rainfall which resulted in
periods of active growth,and of 70 - 730F (21.1 - 22.8OC) fol-
lowing rainfall which did not. These conditions were never
realised during the dry season of 1958/59, which was character-
ised by three distinct and severe periods of Harmattan intluence.
By April of 1959, the exposed communities (including a lawn
which had been regularly irrigated) had died back and their
stoloniferous remains had been consumed, leaving detached inno-
vations.

Much more complex relationships control vegetative
reproduction and competition during the wet season. Rainfall
may exceed 10 ins (25.4 cms) per day and shading due to the

growth of taller plants becomes an important factor in deter-
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mining the ability of Axcnopus, and other herbs, to survive.
Waterlogging of the soil causes the breakdown of Axonopus

populations, except those of A. flexuosus and A. compressus X

flexuosus. These two, and in particular the former, spread

most successfully in wet, partly shaded conditions.

Flowering behaviour - the production of spikelets

The number of spikelets produced on a single flowering
stem has been mentioned earlier, ih the comment on Table 2.
These numbers provide a comparison of the taxa, since they can
be regarded as indices of reproductive potential. As such they
are worthy of further comment.

Bach spikelet having a Single fertile floret might
be regarded as being the initial point in the sexual production
of a single new individual. The total number of spikelets pro-
duced by one plant can be regarded as the potential size of the
next generation. (Clearly this is a fallacious statement in
the case of the sterile hybrids, unless a very loose meaning is
given to the word 'potential'.) Since Axonopus is perennial
and stoloniferous , it continues to produce spikelets for
several years and at the same time undergoes vegetative multi~-
plication. It would be most satisfactory fo be able to compile
figures which tock into account the total number of flowering

stems produced by a single plant, but in order to obtain com-
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parable figures (i.e. figures representing the total numbers

of spikelets which a plant of any taxon might be expected to
vroduce in its life span) a protracted schedule of scoring would
have to be carried out or a method would have to be devised for
the calculation of some factor by which the states of maturity
of individual plants could be given parity. It was thought
reasonable to compare the total numbers of spikelets which were
produced on single flowering stems (i.e. on all the racemes
produced upon peduncles arising from a single abbreviated con-—
ical axis, as described earlier), since this would avoid pro-
tracted scoring, with its possibility of errors, and would pro-
vide a numerical comparison in which the numbers were expres-—
sions of such taxonomically important features as the lengths
of the racemes and the numbers of inflorescences produced.

The figures presented in Table 2 were:-

A. compressus 210
A. compressus x flexuosus 422
A. flexuosus 370
A. brevipedunculatus x compressus 265
A. brevipedunculatus 172
A. arenosus 197
A, affinis 205

Both hybrid taxa show increased flowering vigour over

their putative parents and this is most marked in A. compressus
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x flexuosus. A. compressus, A, arenosus and A. affinis have

comparable reproductive potentials, on the basis of these fig-

ures, but A. flexuosus appears to have a greater reproductive

potential and A. brevipedunculatus appears to have a signifi-

cantly lower one. The high values for both A. flexuosus and

A, compressus x flexuosus arise because these two taxa have man
b

fascicled inflorescences bearing long racemes, whereas, by con-

trast, A. brevipedunculatus has fewer inflorescences with

shorter racemes.,
Flowering shoots are produced throughout the year by

A, compressus, A. brevipedunculatus x comp_ressus, A. arenosus

and A. affinis but flowering ceases if the dry season is pro-

longed or has been severe. A. flexuosus and A. brevipedunculatus

flower during the wet season and remain vegetative throughout

the dry season.

Anthesis

Anthesis in A. compressus and A. affinis is normal and

occurs aifter the elongation of the peduncle has carried the
racemes far out of the ultimate leaf-sheath. In both species
the prooess is protandrous and the release of pollen from the
anthers takes place very soon after the exposure of the latter.
The stigmas remain exposed for 10 to 12 hours, or occasionally

longer, before they are partially withdrawn into the fertile
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floret or degenerate.

In A. arenosus and A. flexuosus anthesis occurs less

freely, especlally in cultivated plants, and in both species
occurs when the racemes are only shortly exposed from the ulti-
mate leaf-sheath. In A. arenosus the racemes remain shortly

exserted but in A. flexuosus the extension of the peduncles

carries the racemes well clear of the leaf-sheath.
Anthesis in the hybrid taxa 1s uncommon. It is par-

ticularly rare in A. compressus x flexuosus and, when it does

occur, one or two of the anthers may fail to emerge from the
Palea and lemma.

A. brevipedunculatus very rarely flowers but has been

seen to do so under cooler, humid conditions during the wet
season.

These grasses appear to have litlle sensitivity to
day-length as a factor influencing flowering and anthesis, Both
these prcocesses continue throughout the year if plants are main-
tained with an adegquate water supply. Some early attempts to
induce anthesis were carried out in an insect-proofed breeding
house in which day-length alcne was controlled., In these at-
tempts, plants were grown in pots and were watered liberally
but as no facilities were available for the control of atmos-
pheric humidity and temperature, only day-length conditions

could be adjusted, by screening or by fluorescent light extension.
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A. compressus flowered freely under short day conditions (dif-

fuse daylight of 12 hours duration), but flowered equally as
freely when the plants were bagged with diathene bags and sub-
jected to antural day-length (13 to 13% hours, under moderate
shade) or artificially extended day-length (15 hours) regimes.
From this it was concluded that anthesis was controlled by
humidity/temperature relationships of the atmosphere rather than
by day-length. Further evidence in support of this view was

obtained when both A. compressus x flexuosus and A. brevipedun-

culatus plants contained in diathene bags flowered while un-
bagged plants in adjacent pots failed to do so. One plant of

A, compressus x flexuosus even flowered after an accidental

veriod of 72 hours continuous illumination.

A second attempt to accelerate anthesis was based upon
the method, reported by Jordan (1957), which is regularly em-
ployed for the hybridisation of Oryza cultivars. Jordan's
method relies upon simulation of the atmospheric changes which
have been found to obtain during norwsl anthesis. Vacuum flasks
filled with water at 4300 are emptied and quickly inverted over
the Oryza inflorescence. As the saturated atmosphere within
the flask cools, the spikelets open. This permits the emascu-
lation of spikelets, the collection of pollen and cross-
pollination at times when natural anthesis has not yet started.

RBefore attempting to employ this technique on Axonopus, a study
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was made of the regularity and timing of anthesis. This was
done by inspection of inflerescences, of plants in experimental
beds, at five minute intervals between the hours of 7.0 a.m.

and 8.30 a.m. daily. These observations were continued for a
period of three weeks. Temperature, wind and humidity were re-
cofded and it was found that flowering was associated with fall-
ing humidity and rising grass-temperature. In sheltered situ-
ations, it was found that flowering was delayed, often to 10.0
a.m. Bvening flowering was occasionally observed and was found
to be associated with increasing humidity and falling tempera-
ture. Attempts to simulate the conditions under which morning
flowering occurred, by exposing inflorescences to a warm, humid
atmosphere as in Jordan's iechnique, did not produce any worth-
while results when the attempts were made in the morning (i.e.
before 7.0 a.m.) and failed entirely when the attempts were made
in the evening.

The timing of anthesis, by inspection, was investigated
further by the usé of a mechanical device which the writer con-
structed. This device (see figure 18) consisted of a carriage
(a) which was drawn by a thread (b) below and across a slit in
a chamber (c), within which an inflorescence was confined. The
motive power for the carriage's transit was provided by an addi-
tional spindle which the writer built into a stop-clock. A

microscope slide smeared with Mayer's albumen was placed upon




FIGURE 18,

Apparatus for timing the release of pollen,

The apparatus consists of a chamber (c), with a slit
in its lower corner. A carriage (a) #s drawn below the slit
by the thread (b), which is comnected to a clockwork drive.,
The microscope slide (d) is transported on the carriage,
across the slit, and when pollen is released this falls through
the slit and onto the slide. Xnowing the rate of transit of
the slide across the slit, and the position of the slide at hhe
beginning of transit, the time at which the pollen was released
can be calculated from the position of the first pollen greains

on the slide,
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the carriage and a reference mark was scribed on it to mark its
pogition at the beginning of the run. If pollen was released
during the run, it fell onto the slide and could later be de-—
tected by inspection under a microscope; this was made easier
by irrigation with aceto-carmine. The rate of transit of the
slide was 1.2 cms in 10 miﬁutes and by measuring the distance
moved, from the reference mark to the first pollen grains on
the slide, the time lapse after commencement of the run, and
hence the time of pollen release, could be calculated. By this
mneans the timing of anthesis, which had already been determined

by inspection, was confirmed.

Pollination experiments

The Sierra Leone Rice Research Station has obtained
some evidence that wind transport of pollen is most effective
over very short distances. Cross-~pollination decreases rapidly
when the distances between panicles exceed some 25 cms. Since
crops of rice are grown under conditions in which the wind
transport of pollen must be considered as being more efficient
than between small grasses in, say, a mixed vegetation of trees,
shrubs and herbs, cross-pollination in such small grasses is
likely to be effective only over very short distances. Sexual
Axonopus populations being perennial and clonal are probably

mostly inbreeding. In them, most pollination will be self-
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pollination or cross—pollination between closely related indi-

viduals or the members of a single clone. Crosses between

widely separated individuals will be rare. :
In order to examine the wind transport of Axonopus

pollen, potted plants of A. compressus were used. These were

kept under large diathene bags and observed for several days in
order to determine which of their inflorescences were in com-~
parable states of flowering. All but the inflorescences chosen,
and those which were much younger, were removed from the plants.
It was found possible in this way to remove the undehisced an-
thers from the newly opened spikelets on several planis in the
early morning. If such emasculated plants were kept in isola-
tion, no fruits were set, but when the emasculated inflores-
cences of several plants were staked at 20 cms intervals in a
straigﬂt line on either side of an unemasculsgted inflorescence,
the fruits set on the emasculated inflorescences ceonfirmed that
transport of pollen over distances greater than 20 cms was not
very effective. The results of four such tests are contained

in Table 17.
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Table 17

position 40cms 20cms 0 20cms 40cms
fruits set 0/6 1/6 Pollen 2/6 0/6
1/6 2/6 parent 0/6 1/6
1/6 1/6 1/6 0/6
1/6 1/6 2/6 0/6

Total set at 40 cms 4 Total set at 20 cms 10

The numbers of fruits set, in each case out of six
emasculated spikelets, on inflorescences at each side of the
pollen parent are not regarded as being significantly different.
Such minor differences may have been caused by daily variation
in wind direction and force through the insect-proofed breeding
house. The differences between the proportions of fruits set
at each of the two distances from the pollen parent (4 out of
48, or 8%%, at 40 cms and 10 out of 48, or 20£%, at 20 cms) are

regarded as being different.

The following investigations of the breeding mechan-
isms were performed on potted plants in the insect-proofed
breeding house: -

1. Tests for self compatibility.

2. Tests for apomixis.
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l. Tests for self compatibility

Single plants were isolated under diathene bags and
all old inflorescences were remdved. Care was taken to ensure
that previously flowered spikelets were also removed from the
remaining inflorescences. Such spikelets were detected by the
protruding remnants of the stigmas. After thus ensuring that
the remaining inflorescences had no spikelets which might have
been cross-pollinated, the plants were kept in isolation for a
further two days. After that time, the inflorescences were
inspected and 2ll but those spikelets which had flowered under
conditions of isolation were removed. This ensured against the
risk that younger spikelets might subsequently set fruit as a
result of cross-pollination and be scored as having resulted
from self-pollination.

A. compressus, A. flexuosus, A. arenosus and A. affinis

all set fruit when isolated. It was noted, however, that the

ovaries in most of the open spikelets of both A. flexuosus and

A. arenosus were greatly enlarged. It was also noted that in
both these species some fruits were formed on isolated inflores-
cences in which anthesis failed to occur.

A. compressus x flexuosus failed to set fruit in iso-

lation. The ovaries in open spikelets were long and dorsi-

ventrally collapsed.

A. brevipedunculatus and A. brevipedunculatus x com-
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pressus were not investigated. Anthesis did not occur in iso-
lated plants, but fruits were set freely in the unopened spike-

lets of A. brevipedunculatus.

2. Tests for apomixis.

These tests were mgde because fruiting in A. flexuosus,

A. arenosus and A. brevipedunculatus appeared to be independent

of normal anthesis.,
Single plants were isolated and thelr inflorescences
were trimmed to remove all spikelets which had obviously

flowered. A. compressus and A, affinis were emasculated with

fine forceps after normal ovening of the spikelets. The stigmas
were then inspected under a binocular microscope and any which
bore pollen, liberated by rupturing of’ the anthers during dis-
section, were excised. The less freely flowering taxa, A. fle-

xuosus, A. arenosus and A. brevipedunculatus, were emasculated

by dissection of unopened spikelets. To do this the inflores-—

cences were examined and those parts on which the spikelets had
enlarged ovaries were cut away. The anthers were removed, from
spikelets which had ovaries of comparable size to those in newly

opened spikelets of A. compressus, with flamed needles. The

dissections were carried out under a binocular microscope and
care was taken to avoid unnecessary damage to the spikelet. It

was not possible to avoid some damage to the unhardened glume
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and sterile lemma and to the slightly indurate fertile lemma
and palea. It is possible that damage was also caused to the
rachilla and pedicel during dissection.

Yo fruits were produced by emasculated spikelets of

A. compressus and A. affinis. It was concluded that these two

species are obligately sexual and self compatible.

In A. flexuosus few of the emasculated spikelets set

fruit. Many of the spikelets fell off, probably as a result of

damage caused during dissection, and most of those remaining
failed to fruit. This species may be facultatively apomictic
but this hasg not been confirmed cytologically.

Emasculation of A. arenosus did not inhibit fruiting
entirely, nor did removal of the stigmas. A nuwber of spikelets
fell off prematurely and some of the remainder failed to fruit.

Failure to fruit, as also in A. flexuosus, may have been due to

infection by fungi or thrips but could also have been the direct
result of emasculation. 4. arenosus is regarded as being facul-
tatively apomictic.

A. brevipedunculatus hes been examined in the greatest

detail because of its ability to set fruit even in those spike-
lets which remain confined within the ultimate leaf-sheath.
Such spikelets are unable to open and, as the fruits mature,
the anthers and stigmas become compressed towards the apex of

the fertile floret. Spikelets in which the ovaries are not
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enlarged are only found within the sheath. It was found possible
to cut away a portion of the sheath and to dissect the anthers
from the spikelets and at the same time fto cauvse less damage
than was possible With the two previous species. The sheath
provided support to the raceme being dissected and the spikelets
were easier to open because of the softer condition of the fer-
tile lemma and palea. TFew of the emasculated spikelets failed
to produce fruit,.

Unopened spikelets were examined for cleistogany.
This was done by careful removal of the fertile lemma and pales
and mountingkthe floral organs in cotton-blue in lacto-phenol
(Lundquist, 1961). Ungerminated pollen grains and pollen tubes
are stained by cotton-blue whereas germinated pollen grains re-
main almost unstained. HNo pollen tubes were detected. Also,
serial sections of the spikeleits were examined for signs of
pollen germination in the unopened spikelet and none was found.
(The serial sections were prepared for the cytological examina~-
tion of ovary development, which is considered later.) This

oukonomoud

suggests that A. brevipedunculatus is an obligate spegametie

apomict.

3
=
@

two hybrids, A. compressus X flexuosus and

A. brevipedunculatus x compressus, were not examined for apo-

mixis. Sowings of bulk, naturally abscissed spikelets confirmed

their sterility. Occasional seedlings of the former were ob-
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tained but none persisted beyond the four-leaf stage. This
suggests that functional ovaries are rarely produced and that,
when such ovaries fruit, the offspring derived from them are

not fully viable.

The genetic variability within populations will be
influenced by the mode of seed production. The two sexually

reproducing species, A, compressus and A, affinis, are out-

breeders but are also capable of inbreeding. Their populations
(even those created artificially by man) will exhibit genetic
variability at an early stage. This will arise even when the
populations consist, in the first place, of clonal individuals
vecause these will certainly have a high degree of heterozygo-
sity. The existence of the two hybrid taxa confirms that out-
breeding occurs between their putative parents. The sterility
of these hybrids provides a barrier to gene flow between the
parent species, but it is conceivable that some back-crossing

of the hybrids to A. compressus may be possible. The extent of

such back-crossing would depend upon production of functional
pollen and ovaries, the freguency with which the spikelets
opened and the relsase of pollen from the anthers of the hybrids.

Although some seed is evidently produced by A. compressus X

flexuosus, all the ovaries which have been examined, both of

this and of A, brevipedunculatus x compressus, were collapsed.
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Anthesis does not occur as freely as in the sexual species and
when it does occur the anthers do not always emerge fully. The
pollen which is produced includes some apparently good grains,

as 1s shown in the table.

Table 18

Comparison of pollen produced

staining with . grain
aceto-carmine diameter
(microns)
A. compressus 96% all 28
A, compressus ; ot
x flexuosus 1T% 10% 31, 30% 29, 60% 25
A. flexuosus 96% all 29
A. brevipedunculatus 30% all ©.29
X compressus
A. brevipedunculatus 87% all 28
A. arenosus 95% all 29
A, affinis 96% all 28

Seventy percent of the pollen grains of A. brevipedun-

culatus x compressus were collapsed so that it was difficult to

distinguish variation in grain diameters.
Prom Table 18 it can be seen that both hybrids produce
some apparently good pollen and might, therefore, occasionally

act as pollen parents in back-crosses to A. compressus.

The evidence obtained relating to seed production in

A. flexuosus and A. arenosus is inconclusive but suggests that

both species are facultative apomicts. Agamospermy, or repro-
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duction by seed which is preoduced by other than the normal pro-
cess of fertilisation, reduces genotype variability but in most
cases maintains heterogygosity. PFacultative apomicts derive
selective advantage from breeding mechanisms which isolate them
from their less specialised relsatives. Their offspring inherit
genotypes which ensure their success in the parental habitat.

The incidence of sexual reproduction determines the rate at which
new genetic combinations are introduced into the population.

It is clear that sufficient phenotypic plasticity exists in such

a breeding system in A. flexuosus, since this species occurs in

specialised habitats in a number of climatically different areas
of Africa.

In the obligate apomict, A. brevipedunculatus, geno-

typic variability must be confined to any structural hetero-
zygosity or mutation which becomes established in a somatic meri-
stem. Such rare genotypic variants would be multiplied by vege-
tative reproduction and would also allow recombination during

the apomictic production of seed. It will be seen in the next

section that the apomictic mechanism in A. brevipedunculstus

ensures that each of the offspring is completely homozygous but
if the parent has any heterozygosity (such as may arise somati-
cally) the offspring could be different homozygous recombinants.

Populations of A. brevipedunculatus show minor phenotypic dif-

ferences as a consequence of such recomhinations.
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Embryo sac formation
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Materials and methods

Spikelets were removed from young racemes and the
second glume, sterile lemma and distal third of the fertile
floret were cut away. This was found to be necessary for the
removal of air and to ensure the adequate penetration of the
wax during impregnation. The material was killed in formalin-
acetic—alcohol and fixed in 70% alcohol. A tertiary butyl-
alcohol series was used for impregnation and two changes of 60°¢
melting point wax were made before the material was blocked.
Great care had to be exercised in the last stages of impregna-
tion to avoid excessive heat, since this causes the lemma and
valea to become hard and brittle.

Sections were cut at thicknesses of 8 to 10 microns,
in a lateral vertical plane, and were stained either with haema-
toxylin and safranin or with crystal violet and iocdine. Both
staining methods worked satisfactorily but the crystal violet
method had the advantage that the intensity of the stain could
be more easily controlled, or increased or reduced, before the

slides were made permanent.

The sexual process

A. compressus

A diagraematic reconstruction of the sequence of events

in the formation of the embryo sac, as deduced from serial sec-
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tions, is contained in figure 19, 1 to 7.

The archesporial cell (ar, in figure 19, 1) differen—
tiates as a hypodermal céll of the nucellus at a time when the
integumental layers (ii and oi) are developing and before the
growth of the funicle has orientated the micropyle (m) towards
the base of the ovary.

Diakinesis in the megaspore mother cell occurs at about
the same time as that in the pollen mother cells in the anthers.
The first metaphase spindle (sp, in figure 19, 2) is slightly
inclined to the long axis of the ovule. The second division of
the micropylar daughter nucleus is also inclined and the tetrad
which results from the meiotic division has a T-shaped appear-
ance. Because of the early degeneration of the nuclei and cyto-
plasm, the identity of the three megaspores (msl, ms? and'ms3 in
figure 19, 3) nearest the micropyle is lost. The chalazal mega-
spore or embryo sac initial (esi) enlarges considerably before
the mitotic divisions commence.

The first mitotic division 1s orientated along the
long axis of the ovule and gives rise to one nucleus at the
chalazal end (c, in figure 19, 4) and one at the micropylar end
(e). The cytoplasm becomes highly vacuolated when this first
division is complete. BEach nucleus divides twice more and the
products of the divisions remain at opposite poles of the embryo

sac (figure 19, 5 and 6). After the 8-nucleate stage is achieved




FIGURE 19.

Formation of the embryo sac in A.compressus(Sw.)Beauv..

1. Differentiation of the archesporial cell from the
nucellus, The archesporial cell is at diakinesis and the inner
integument is growing up around the nucellus,

2. First metaphase in the archesporial cell, Both
integuments have developed and the nucellus has enlarged.

3. The ovule after completion of megasporogenesis.
Three megaspores are degenerating and the fourth is enlarging
as the embryo sac initial. The cells of the inner integument
have enlarged around the micropyle.

L. Binucleate stage. The daughter nuclei are at opposite
poles of the embryc sac, The cytoplasm has vacuolated.

5. Four-nucleate stage.

€. The young 8-nucleate embryo sac. Three antipodal
nuclei remain at the chalazal (upper) end of the sac. The fourth
is migrating towards its micropylar partner; these become polar
nuclei, The egg nucleus and the two synergids have adopted the
positions which they will occupy in the mature embryo sac.

7. The mature embryo sac. The antipodal cells have divided
to give a tissue of nine cells. The polar nuclei lie close to the
enlarged,centrally placed egg cell. The synergids have started to
degenerate,

ant = antipodal cells

ar = archesporial cell

¢ = chalazal nucleus

e = micropylar nucleus

egg = embryo sac initial (inner megaspore)
il = inner integument

m = micropyle

ms 1,2 and 3 = three degenerating megaspores
oi = outer integument

pi = chalazal polar nucleus

pii = micropylar polar nucleus

pn = polar nuclei

sp = first metaphase spindle in the archesporial cell

sy = synergids.




FIGURE 19
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onelnucleus from the chalazal group (pi) migrates towards the
micropylar group. It assoclates with one of the micropylar
group of nuclei (pii) and these two together form the eﬂgggée¥s
nuclei (en, in figure 19, 7).

The three remaining chalazal nuclei divide once or
twice more and form a tissue of 9 to 12 antipodal cells (ant).

The micropylar group of nuclei also become bounded by
cell walls. Two become the laterally placed synergids (sy) and
the third becomes the more centrally placed egg cell (egg).

The mature embryo sac is thus of the Polygonum type (Maheshwari,

1950) .

The apomictic process

A. brevipedunculatusg

The initial stages in the development of the ovary

are the same as those in A. compressus (figure 19, 1 to 4). A

much enlarged archesporial cell undergoes meiotic division (fig-
ure 20, 1) and gives rTise to a T-shaped tetrad of megaspores.

Ls degeneration of the three micropylar megaspores proceeds, one
or more of the nucellar cells adjacent to the inner megaspore
enlarge (figure 20, 2, n). These are regarded as being potential
aposporous embryo sac initials, but only rarely does their sub-
sequent development produce an embryo sac. In the many hundreds

of ovaries examined the embryo sacwhs derived from the reduced
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inner megaspore.

Division of the nucleus of the reduced megaspore gives
a two-nucleate condition (figure 20, 3) which is followed by
vacuolation of the cytoplasm., This distinguishes the haploid
process from the diploid process, since the 2- and 4-nucleate
diploid conditions do not have vacuolated cytoplasm. A second
mitotic division produces a four~nucleate condition with a pair
of nuclei (c, in figure 20, 4) at the chalazal end and a pair
(e) at the micropylar end. At this stage the embryo sac begins
to increase in size and as it does so it compresses the sur-
rounding nucellar cells (nc). The third mitotic division of
the chalazal group of nuclei and of one of the micropylar nuclei
is complete. The remaining micropylar nucleus undergoes chromo-
some division but the products are contained within a single
nuclear membrane,ir%ﬁ The diploid nucleus so produced exhibits
a characteristic but transient bi-nucleolate appearance. Rarely
the condition illustrated in figure 20, 6 was observed. The
diploid "egg" was accompanied by one synergid (sy) and an enu-
cleate and degenerating "cell" (x). In the great majority of
embryo sacs examined, only a single degenerating synergid was
obserQed. 411 the older embryo sacs contain only seven nuclei.

One of the chalazal group of nuclei (pi) migrates to-
wards the micropyle and associates with one of the reduced

polar
micropylar nuclei (pii). These two become the endeeperm nuclei




FIGURE 20,

Formation of the embryo sac in A,brevipedunculatus,
(Reconstructed from serial sections)

Te The archesporial cell has enlarges much more than the remaining
nucellar cells, Its first division is a meiotic reduction division,
and at first metaphase the 20 bivalents are easily distinguishable,
This is very distinct when compared with a mitfbtic metaphase plate,
in a nucellar cell,

2, The inner megaspore has enlarged and two nucellar cells have
alsc enlarged. These are potential aposporous embryo sacs., The three
micropylar megaspores have degenerated to a T~shaped mass.

3 & 4. Mitotic divisions of the megaspore nucleus give first a
2-nucleate condition and then a L-nucleate condition.

5. The third mitotic division is complete at the chalazal end of
the embryo sac, and in one nucleus at the micropylar end. The
remaining micropylar nucleus has failed to divide, after the
chromosomes have divided,and has become diploid and 'bi-nucleolate',

€ & 7. The polar nuclel have associated towards the micropylar end, and
the pro-embryo initisl has sssumed its characteristic lateral position.
The single synergid is degenerating.

8. Double embryo sacs. These lare produced when an aposporous
embryo sac (left) forms, in addition to the automictic embryo sac.

The aposporous e,.,s is smaller and has the egg cell placed towards its
centre., Its antipodal cells form a detached group.

ant = antipodal cells.

ar = archesporial cell.

ap = aposporous embryo sac,

ant = automictic embryo sac,

a. ant = antipodal cells of aposporous embryo sac.
a. esl = ewmbryo sac initial, aposporous,

c = chalazal nucleus,

e | = micrepylar nucleus,

ege = egg cell,

en = paired polar nuckei,

ii = inner integument,

m = micropyle

ms 1,2 & 3 = the three degenerating megaspores,
bl = mitotic metaphase in nucellar cell,
nc = compressed nucellar cells,

oi = outer integument.

pei = pro~embryo initial

pi = chalazal polar nucleus,

pii = micropylar polar nucleus.

sy = Synergid

x = enucleate cytoplasm.
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(en, in figure 20, 6, 7 and 8). " The remaining chalazal nuclei
divide to produce up to 9 antipodal cells (ant, in figure 20, 7
and 8), and the remaining micropylar nucleus forms a synergid
(sy) which then degeneraies.

The diploid nucleus becomes surrounded by highly re-
fractive, granular cytoplasm and is cut off by a cell wall to
become the pro-embryo initial (pei in figure 20, 6, 7 and 8).
It always occupies a position lateral to the long axis of the
embryo sac, at the micropylar end.

This mode of production of a diploid "egg" cell is
called automixis and was first described by Thomas (1940) in

Rubus loganobaccus Bailey. Related processes, in which chromo-

some doubling occurs during the meiotic interphaée, are known in
Allium (Levan, 1935) and Hieracium (Bergman, 1941).

Ovules in which aposporous embryo sacs werye observed
were rare. Such ovules always contained two embryo sacs; one
produced from a reduced megaspore (awt, in figure 20, 8) and
the other from a nucellar megaspore (ap).

The aposporous embryo sac is always disposed to one
gside of the ovule., It is produced by three mitotic divisions
and is therefore eight-nucleate. The antipodal nuclel become
separated from the embryc sac as a three-nucleate cell (a.ant)
which degenerates early. Two polar nuclei {(s.pn) associate to-

wards the micropylar end but seldom lie in a central position
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within the embryo sac. The egg cell is large by comparison with

those of reduced embryo sacs and its contents de not become
granular. Two synergid cells at the micropylar end degenerate
early.

The structure of the aposporous embryo sac resembles

that, described by Snyder (1957), in Paspalum secans Hitchc.

and Chase.

Conseguences of automixis

Unlike other forms of agamospermy, automixis does not
allow the transmission of heterozygosity, which may be present
in the parent, to the offspring. In diplospory the embryo sac
mother cell develops from the archesporial cell, or from one
cell produced from the archesporial cell, by mitotic divisions
alone. The diploid nuclei of the embryo sac therefore inherit
the maternal diploid éomplement of chromosomes and any hetero-
zygosity which they carry. In apospory the function of the
archesporial cell is aborted and the embryo sac is produced by
mitotic division of one of the somatic cells of the ovule. In
adventitious embryony the function of the embryo sac is aborted
and the embryos develop from somatic cells of the ovule. Since
meiogis is not involved in these processes there can be no
segregation of characters which are present in a heterozygous

condition in the parent.
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In automixis the formation of the embryo sac mother
cell, by meiotic division of the archesporial cell, presents

the possibility that in separate ovaries any heterozygosity in

fhe parent genotype may be resolved into different combinations.
The embryo sac nuclei all have the same haploid complement, and
the failure of the mitotic products of one micropylar nucleus

to separate must always result in the pro-embryo initial being

completely homezygouss: -

unlinked genes linked genes
\ . C.cC
Parent genotype AaBb — =
Da
Cy ©
. ' - D d
Haploid E.M.C. AB, Ab, aB or ab .
(or ¢ and 3 X-0Vers)
. . AABB, AAbb, aaBB C.Cy, coc, C.C C.C
o) b b LYY ey Ll — —
Diploid P.E.I. or aabb 7D 3da a5 T

Any population of automictic plants which evolves from
a sexual ancestor, by adoption of the automictic breeding mecha-
nism, must initially contain individuals with numerous different
genotypes. It may be supposed that many of the homozygous re-
cegsive conditions would be at a selective @hvaniage and that
the recesgive alleles would rapidly be eliminated from the popu~
lation., Genetic variability in such circumstances would be re-—

stricted to somatic mutation and changes in chromosome structure.

If these somatic events should become established in a meristem
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they might reintroduce heterozygosity in the vegetative products
of the meristem (stolons, rhizomes and flowering stems). Gene-
tic variability would not, therefore, be very great within the
population.

The effect of natural selection upon an automictic
population will be to favour certain genotypes and to eliminate
others. Since variation can not be increased by sexual recom-
bination, the genotype array of the automictic population will
be much smaller than that of a sexual population, in which a

balanced reserve of heterozygosity is maintained.

A. compressus x flexuosus

In all material of A. compressus x flexuosus examined,

embryo sac formation failed. The archesporial cell enlarges
but either degenerates before the meiotic division commences or,
more characteristically, the tetrad is produced and all the
megaspores degenerate immediately. The ovary becomes elongated
hefore degeneration of the megaspores begins, but collapses as

degeneration proceeds.

A. flexuosus

A detailed investigation of embryo sac formation has
not been completed for this species. Meiosis in the megaspore

mother cell is delayed, with respect to meiosis in the pollen
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mother cells. The consequence of this is that the nucellus is

much larger than in, say, A. compressus. Mature embryo sacs

are situated close to the micropylar end of the ovule and have

structures which closely resemble those described below for

A, brevipedunculatus.

A. brevipedunculatus x compressus

Degeneration of the whole tetrad of megaspores, either
before or after the enlargement of the inner potential embryo
sac initial, caused the failure of embryo sac formation in all

the material examined.

A, arenosus

No detailed study of embryo sac formation has been
made in this species. The meiotic division of the archesporial
cell is greatly delayed, with respect to the division of the
pollen mother cells, but on completion gives a T-shaped tetrad.
Only the inner megaspore persists and gives rise to a seven-—
nucleate embryo sac. It is probable that the intermediate
stages, in the formation of this seven-nucleate stage, are the

same as those described for A. brevipedunculatus.

A. affinis
Embryo sac formation has not been investigated in this

species.




FIGURE 24,

A,brevipedunculatus. 1. Development of the pro-embrye

before the fusion and first division of the polar nuclei,

The pro-embryo is shown at about the 8-celled condition.

2. Development of the endosperm
before the first dividion of the pro-embryo initial,

(Reconstructed from serial sections).




FIGURE 21
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Embryo and endosperm formation in A. brevipedunculatus

There is considerable variation in the incidence of
the first embryo and endosperm divisions. This species is an
autonomous apomict, therefors endosperm development is not
initiated by or dependent upon fertilisation of the polar nuc~
leus. Multinucleate endesperm was found in ovaries whose pro-
embryo initials had not divided (figure 21, 2). In other
ovaries, pro-embryos of ten to twelve cells were found, accom—
panied by unfused polar nuclei, or by the uni-nucleate polar
body (figure 21, ). As judged from the fact that ovaries sel-
dom fail to produce good fruit, the lack of synchronisation be-
tween endosperm and embryo development has 1little effect in the
early stages.

Ccunts of chromosomes during mitotic endosperm divi-
sion showed that the endosperm has the diploid somatic nunber
of 40 (figure 22, A). Similar counts made on endosperm of
A. arenosus showed this species also to have the somatic number

of 60 (figure 22, B). This confirms that both species are apo-

mictic and that the seed develops asutonomously.




FIGURE 22.

Endosperm mitosis in A.brevipedunculatus (a),

showing L0 chromosomes, and A.arenosus {b), showing 60
chromosomes.

These counts confirm that in both these species the
endosperm is produced without fertilisstion.

{Phase contrsst photomierographs)
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Experimental crosses
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Materials and methods

The plants employed in the hybridisation experiments
were selected from the experimental beds and established as
single plant pot-cultures in the breeding house. Their cyto-
logy was examined by root and anther squashes in order to ensure
that the hybrids' chromosome behaviour could be related to the
parental chromosome complements.

The technique employed for cross pollination was
similar to that described by Jenkins (1924). The inflorescence
of the seed parent was reduced to two racemes, to facilitate
handling, and was then isclated under a large diathene bag until
anthesis commenced. The spikelets which opened on the first day
were removed and, on the second and third days, the spikelets
which opened were emasculated and cross pollinated. All spike-
lets which had not flowered by the third day were removed from
the racemes and the inflorescences were kept isolated for a
further 48 hours before the diathene bags were removed.

Two methods of applying pollen were used. When the.
pollen parent had open spikelets its inflorescence was brushed
against the emasculated inflorescence of the seed parent and
the latter was then inspected for the presence of pollen upon
the stigmas. When the anthers of the pollen parent were unrup-
tured, or when the pollen parent spikelets were not open, an-

thers were removed with fine forceps (from the open spikelets
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or from spikelets which, it was judged, contained mature anthers)
and were ruptured before being inserted into the fertile floret
of the seed parent spikelet.

Each of the crosses attempted was repeated on four
separate inflorescences and in a total of twenty spikelets.

The cross A. compressus x A. compressus X flexuosus was further

repeated, in a total of 60 spikelets.

Because A. compressus could be relied upon to have

open spikelets every day it was used as seed parent in all the

crosses. No crosses involving A. affinis and A. brevipeduncu-

latus x compressus were attempted. A. affinis was not used be-

cause, although it has apparently evolved from A. compressus,

any cross bhetween these two species would only be of use as an
investigation of the possible mode of evolution of A. affinis.
Since this work is primarily concerned with West African taxa

it was decided not to employ A. affinis. A. brevipedunculatus

X compressus was not used because of the difficulty of deter-

mining which spikelets might contain mature anthers. Its spike-
lets never opened and its ovaries were always collabsed;

whereas in the other taxa either the spikelets opened (so that
adjacent ones could also provide anthers) or did not open but
the size of the ovaries gave an indication of the maturity of
the spikelets and their anthers.

The followihg crosses were attempted:-
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1. A. compressus (101, 2n=40) x A. compressus x Flexuosus

(201, 2n=c.50)

2., A. compressus .. .o x A. flexuosus (206, 2n=60)
3. A. compressus .. .o x A. arenosus (304, 2n=60)
4o A. COMPTessSUS .. .o x A. brevipedunculatus (302, 2n=40)

A, compressus x A, compressus x flexuosus

Seven seeds were obtained from this crogs and four
seedlings were raised to the two or three leaf stage before they
died. The seedlings were chlorotic and their deficient pigmen-
tation might have resulted from the lack of transmission of some
control system from the pollen parent. The low interfertility
of the cross can be explained as being caused by genetic un-—
balance of the microspore nuclei. Few such microspore nuclei
would give rise to male gametes which were functional or which
would produce a functional zygotic condition. It should, how-

ever, be possible to obtain an occasional viable hybrid from

this cross.

A. compressus x A. flexuosus

Fourteen fruits were obtained from this cross and nine
hybrids were raised. The mortalities were probably due to the
plants concerned being unable o resist the attacks of fungi

and thrips which were found on them. (For long periods during




FIGURE 23.

Meiosis in the hybrid A.compressus x A.flexuosus.

Two P.M.C.s at diakinesis, showing a few chromosomes associated
as bivalents and the remainder as multivalents. The attenuated
threads which interconnect the chromosomes are not distinct in

the photograph.

(Phase contrast photomicrograpﬁ)







the ysar; the atmospheric humidity in Freetown is between 85%
and 100%. Under these circumstances, it is virtually impossible
to maintain sterile conditions without greatly altering the am—

bient temperature.)

A, compressus X A. arenosus

Nine fruits were obtained from the cross and seven

hybrids were raised.

A, compressus x A. brevipedunculatus

tighteen fruits were obtained, of which seven failed

to germinate. Bight hybrids were raised.
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Morphology of the hybrids

A biometric comparison of the hybrids was made and the
results are contained in Tables 19 and 20. Table 19 compares
the means of samples of 20 measurements (except for spikelet
and fertile floret lengths and percentage of good pollen, for
which the samples were of 100 measurements) and also compares

£0

the hairiness of the nodes, leaves and spikelets., The lower

figures,as in Table 2, are the standard errors of the means.

The hybrids of the cross A. compressus x A. flexuosus

were variable in the lengths of the culm~leaf, culm-sheath and
stolon internodes. The culm leaves were conspicuously shorter
than those of either parent and the stolon internodes, although
of intermediate length, were slender and very variable in length.
Maternal characters which appeared in the hybrids included hairy
stolon nodes and reddish stolon interncdes but the length of the
tiller leaves more closely resembled that of the pollen parent.
The second glume had five veins, like the seed parent.

The hybrids of the cross A. compressus x A. arenosus

were vigorous. One plant was chlorotic and much less vigorous
than the others. They had intermediate leaf widths and spikelet
lengths and the exsertion of the inflorescences was variable,

but more similar to the exsertion in A. compressus. They had

hairy stolon nodes, like A. ccmpressus, but in all other charac-

ters were larger than either parent. All the parameters showed
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Table 19

Comparison of dimensions of hybrids

Hybrid A B C
Culm length 38.0 32.1 18.9_—
0.641 0.983 0.369
Culm-sheath 14.0 16.2 11.7
. 0.313 0.372 0.407
Culm-leaf 4.7 7.0 5.6
0.115 0.284 0.326
Tiller leaf length 23.6 18.9 11.1
0.457 0.628 0.313
Tiller leaf width 12.5 13.2 14.0
0.096 0.411 0.204
Stolon internode 7.1 8.0 4.8
0.442 0.303 0.137
Stolon width 2.4 2.2 1.8
Longest raceme 13.5 12.0 8.2
Spikelet length 2.5 2.6 2.4
0.021 0.029 0.022
Fertile floret 1.7 1.9 1.7
Nodal hairs ++ + ot
Leaf hairs - - +
Spikelet hairs - + +
% good pollen 20 10 32

The means are for samples of 20 measurements, except

for spikelet and fertile floret lengths and percentage good pol-

len. The lower figures are standard errors of the means.

A = A. compressus x A, flexuosus

A. compressus X A. arenosus

A. compressus x A. brevipedunculatus
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high variability; the least variable being spikelet length.

The hybrids obtained from the cross A. compressus x

A. brevipedunculatus were morphologically variable, particularly

in the hairiness and colour characters of the stolons and leaves
and the lengths of the culm-sheath and its leaf. All the plants
wexre robust and had broader but shorter leaves than either of
their parents.

The hybrids are compared with their parents in Table 20,
which is compiled from the data contained in Tables 2 and 19.
As in Table 4, the mean values of the parameters are compared in
pairs by Student's t-test, for 38 degrees of freedom (98 degrees
of freedom for spikelet length). Values of t greater than 3.29
are interpreted as indicating that the means are significantly
different at the 0.1% level of probability.

The Table shows that all the hybrids are significantly
different from their parents in respect of their culm lengths

and spikelet lengths. The A. compressus x A. flexuosus hybrids

are not significantly different from their paternal parent in

respect of tiller-leaf length and the A. compressus x A. arencsus

hybrids are not significantly different from their maternal par-

ent in respect of culm-leaf length. The A. compressus X A. bre-

vipedunculatus hybrids are not significantly different from their

maternal parent in respect of culm-leaf length and stolon inter-

node length and are not significantly different from their
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Table

20

Comparison of hybrids and their parents

(The hybrids are indicated by the same symbols as in Table 19.)

Parents A, comp. A. flex. A. aren. A. brevi.
Hybrids
Culm length A 16.1 14.6
B e 6 18.2
, 14.7 8.1
Culm-sheath A 9.7 35.1
B 12.4 26.8
C 4.6 0.6
Culm-leaf A 5.7 16.6
B 0.6 5.9
2.3 2.0
Tiller-leaf 15.3 0.9
tength 4.6 10.3
C 13.7 2.6
Tiller-leaf A 745 39.6
width B 6.3 4.4
10.5 0.7
Stolon A 3.7 34.9
internode B 7.7 10.0
C 2.9 14.9
Spikelets 10.6 26.3
B 11.5 11.5
6.9 12.6

The table contains values of t (difference between means + root
of the sum of the squares of the standard errors), of which

those greater than 3.29 indicate that the differences between
the means are significantly different.
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paternal parent in respect of the lengths of the culm-leaf and

culm~-sheath, or the length and width of the tiller-leaves.

Cytology of the hybrids

A. compressus x A. flexuosus. Root tip squashes,

after pre-treatment with a-mono-bromo-naphthalene, gave a soma-
tic chromosome number of 50. Meiosis in the pollen mother cells
was lrregular and exhibited considerable 'stickiness' of the
chromosomes. At diakinesis the chromosomes were interconnected
by attenuated threads and so formed multivalents (figure 23).
This suggests that the linear structure of the parentzl chromo-
somes is different and, since few univalents were formed, that

the more numerous chromosgsomes of the pollen parent have segmen-

tal homology with those of A. compressus.

Only 20% of the pollen grains examined stained with

aceto-carmine and the ovaries collapsed at a very early stage.

A. compressus X A. arenosus. Pre-treated root tips

gave a somatic chromosome number of 50. NMeiosis in the pollen
mother cells was irregular due to the formation of multivalents.
No univalents were ocbserved.

o

Less than 10% of the pollen grains stained and the

ovaries collapsed at an early stage.

A, compressus x A. brevipedunculatus. Pre-~ireated
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root tips gave a somatic chromosome number of 40. Melosis in
the pollen mother cells was irregular due to the formation of
quadrivalents and trivalents, but no univalents were observed.
This suggests that the parental sets of chromosomes differ in
linear structure and in respect of interchanged segments; in
the parental 'homozygote' the interchange chromosomes would pair
normally but in the 'heterozygous' hybrid interchange and normal
chromosomes would forw guadrivalents.

32% of the pollen grains stained and the ovaries col-

i

lapsed at an early stage.

The cytology of the artificiél hybrids differs from
that of the natural hybrids. The latter produce a high propor-
tion of bivalents whereas the former produce multivalents. This
could be explained by the fact that the natural hybrids have
been exposed to natural selection which has favoured those plahts
with the highest degree of chromosome homology. This does not

hold for two of the A. compressus x flexuosus populations (202

and 204) which have been examined. If such selection continued,
a state of full homology would finally be achieved and this

might be accompanied by an ability to produce seed.

Morphologically, the artificial hybrids of the cross

A, compressus x A. flexuosus were smaller in most respects than

the natural A. compressus X flexuosus. Their stolons and racemes
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were of about the same dimensions and their leaves were rigid

and without epidermal hairs. A closer resemblance to natural

A. compressus x flexuosus was found in the hybrids of the cross

A. compressus X A. arenosus. The latter were less tall and had

shorter tiller~leaves and, because they were less stoloniferous,
they formed rosettes rather than tufts as in the natural hybrid.
In all the other characters there was little difference between
the two.

Artificial A. compressus x A. brevipedunculatus had

slightly longer leaves, longer and more slender stolon internodes

and shorter spikelets than natural A. brevipedunculatus X com—

pressus but there was a strong similarity between the two in all

the other characters.
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Discussion




Some circumstantial evidence relating to the presence
of Axonopus in West Africa will be considered, before a discus-
sion of the taxonomic proposals and evolutionary processes.

The taxonomy will be discussed in relation to the distribution
of the West African taxa, and their variability. The evolution
of the taxa recognised in this account will be discussed in
terms of ecological variability, cytological changes and apo-

mixis.

Two opposite views are held concerning the region in
which the Paniceae originated. Hartley (1958) favoured the view
that the endemics of Madagascar (Lecomtelleae and Boivinelleae)

and the related South African Miscanthidium (Andropogoneae but

close to the Paniceae (Pilger, 1954, Tateoka, 1957)) indicate

a South African centre of origin for the whole of the Panicoideas.
Potztal (1956) favoured the view that the 81 genera which are
endemic in the Western hemisphere, of which 41 are confined to
that area, indicate a tropical American centre of origin. It is
largely a matter for philosophical conjecture as to whether;

1. the Paniceae proliferated during their migration from a South
African origin to the South American area, or

2. the main proliferation was in a South American centre of
origin, from which little migration has occurred, or

3. the centre of origin was split by Continental Drift, and
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the new climatic regime of South America favoured grester pro-
liferation than was possible in South Africa.
The present preponderance of Paniceae in N.B. tropical

America is due to the large genera Paspalum, Panicum and Axono-

Iy

pus. There can be no doubt that Axonopus originated in that
area and that its advanced form indicates a fairly recent origin.
The percentages of Paniceae in the grass floras of the world are
mgpped in figure 24. It will be seen that the highest percen-~
tages are in N.E. tropical America, the area in which there is
the greatest number of Axonopus species (figure 1). Outside

that area only the A. compressus complex extends as a disjunct

series of populations through most of the tropics and some sub-
tropical areas.

A. compressus - sensu lato - has been intentionally

introduced into Australia and the Malayan Archipelago and at-
tempts at introduction have been made elsewhere. Although little
definite information has been obtained, the writer considers

that intentional or accidental introduction c=n account for the

presence of A. compressus in all its non-American areas. This

view is held for two reasons. First, it is the only species
(complex) of which herbarium material from the non-American
areas has been found. Many herbaria contain specimens of Allo-
teropsis species which are shelved as species of ggggggggjvbut

there is no doubt that these are not species of Axonopus.




FIGURE 24,

Map showing the percentage of Paniceae in the
grass floras of the world (after Hartlsy, 1958).
The Paniceae are most numerous in tropical American
grass {loras and in West and Central Africa. The high

percentage in N.E, tropical America id due to the three

large genera Axonopus, Paspalum & Panicum




PERCENTAGE OF PANICEAE IN GRASS FLORA

FIGURE 24
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Second, although many major collections had been made previously,

the earliest collections of A. coumpressus from the non-American

areas are dated between 1840 and the present. For example, at
least eight collectors had worked on the flora around Cape Coast,
in Ghana, from 1697 to the time Barter collected the first spe-

cimen of A. compressus in 1842. Beauvois himself collected in

the area in 1786. By contrast, a great number of collections

had been made in America prior to 1850. fToday, A. compressus

is a very conspicuous component of the weed floras throughout
West Africa, hence it is difficult to imagine why early collec-—
tors failed to collect specimens — unless there were none. It
might be reasoned that before the first collections were made
it was a much less conspicuous weed because there were fewer
and smaller towns and villages and fewer suitable habitats.
This might be true for the high forest zones and arid zones,
but for the greater part of West Africa, village clearings and
networks of pathways provided habitats in which the itinerant
collector could scarcely have failed to observe any Axonopus
which might have been present. The weight of circumstantial
evidence favours the view that it was not present until after
1790. It was not until then that the flow of slaves from Africa
to America was reversed; the first to return direct from the
Bahamas arrived in 1792; they came from Jamaica in 1799, and

the flow increased after the abolition of slavery.in 1807.
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Like most other tropical people, the African relies upon grain
CTODPS fér at least part of his staple diet. Since the grain
is sun-dried by spreading it upon the ground, it is possible
that some Axonopus seed may accidentally become mixed with it,
Grain carried as provisions for the journey from America, or as
seed, might thus have included Axonopus seed. This method of
transport could have played an important part in the spread of
Axonopus in many other tropical areas.

Assuming that dispersal was by means of seed, it may

appear remarkable that A. compressus ~ gensu lato - is the only

tropical American species to attain a widespread distribution.
This is the only species complex which is present in the islands
and coastal areas of the Caribbean Sea and Gulf of Mexico. The
majority of species coccur in the interior of southern tropical
America. Herbarium specimens which have been examined from the
Caribbean area, include some which the writer has determined as

A. brevipedunculatus. A. affinis is common on the northern side

of the Gulf of Mexico.

The recognition of discrete taxa within the complex
in America (e.g. the variety jesuitica Araujo, and A. affinis
Chase), and particularly of variation in chromosome number (see
page 69), indicate that the complex is in a dynamic condition
there. It is impossible to assess how much of such variability

might have accompanied the earliest materials brought to West
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Africa, but three aspects of the present West African populations
are significant in this respect. First, there was no record of
A. affinis anywhere in West Africa before 1940. It may have

been introduced at about that time by Americans concerned with
the rubber plantations in Liberia. Its great success in Sierra
Leone since its introduction for this present work suggests

that, had it been introduced eariier, it would have now been
widespread. As this is not the case, it would appear unlikely
that it had been introduced on a previous occasion. Second,

A. flexuosus occupies very restricted habitats on seasonal flood-

plains, marshes and river banks in the coastal territories from
Guinea to the Congo, and on marshes and river banks around the
great lakes of East and Central Africa. The inland populations
are connected with the coasital ones by isolated populations
along the Congo River (Bala, Coquilhatville, etc.). The first
record from the Congo is the specimen collected in 1888 by Hens,
and it seems possible that its spread inland may have been made
possible by the well developed river, road and rail systems
which have encouraged human migration as well as facilitating
exploitation of mineral deposits. Third, the cytological var-
iety reported for American material has its parallel in the
African material. This suggests that cytological variability
existed in the first materials brought to West Africa.

These are all speculative considerations but they pro-
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vide the initial assumptions that Axonopus was introduced into
Africa in fairly recent times, it was introduced as seed, and
the seed was from parents which were probably morphologically

and cytologically variable.

The West African species differ in their ecological
requirements. A. arenosus is only known from sandy maritime

habitats in which it experiences soil salinity, or physiological

drought, and burial by the loose sand. A. flexuosus is confined

to habitats which experience at least seasonal flooding. Its

populations are widely separated from each other. ¥ven during
the dry season the supply of water from the soil in these habi-
tats is sufficient for this species to persist as a turf. A.

brevipedunculatus is the most weed-like species, occurring on

bare ground in villages and on farms. In such habitsts it ex-
periences great extremes of daily temperature change and season-—
al water supply.

The differences between the species are not only eco~
logical, but also those of morphology, chromosome number and
breeding mechanism. The morphological differences between the
species and natural hybrids support the proposed taxonomy. The
differences which are found in plants from wild populations
persist when the plants are grown together under experimental

conditions. The morphological changes which result from exposure




to different environments, or mowing, or from seasonal changes,
indicate that certain characters are wmuch more variable than
others., Amongst such variable characters are some which have
been afforded taxonomic significance. The spikelet lengths re-—
corded for plants grown under different shading conditions, and
for plants at different times of the year, show that this char-
acter is influenced by the environment. In the same way leaf
size and culm length are also modified by the environment and
by mowing. Such changes reduce the precision with which the
taxa can be separated on the hasis of single characters, but
they do not make their separation impossible. For example, the

gpikelet length of A. compressus x flexuosus varies from 2.7 to

4.0 mm and that of A. brevipedunculatus varies from 2.8 to 3.4

mm. This overlap does not make it impossible to distinguish
between live plants, or herbarium specimens, .or even single
spikelets of these two taxa, by the use of other characters.

The variation detected in chromosome numbers consists
of changes involving the presence of additional chromosomes and
of changes involving polyploidy.

Variation in chromosome number within clones, within
a single plant and even within a single spikelet or root meri-
stem has been demonstrated by several authors (Hikanson, 1954,
Milinkovic, 1957, Miintzing, 1948, Nielson, 1959, Nygren, 1958,

Guildenhuys and Brix, 1958). The variations include trisomics




involving one or several chromosomes, somatic doubling of the
whole or only part of the chromosome complement, chromosome
fragmentation and the presence of B-chromosomes. The B-chromo-
somes have 1little or no homology with the somatic or A-chromo-
somes and they can give rise to somatic mozaics, in which the
somatic numbers differ as much as sevenfold, through non-
disjunction. The origin of the B-chromosomes is uncertain, but
they are thought to originate through fragmentation followed by
linear rearrangement of the A-chromosomes. This is then fol-
lowed by heterochromatinisation (Avdulov and Titova, 1933,
Darlington, 1963, Cleland, 1951, Reese, 1954, Lewis, 1951, 1953,
Bosemark, 1957) in a manner similar to the differentials of sex
chromosomes (Melander, 1950, Virkii, 1954, Vaarma, 1953, Sorsa,
1956). The extent to which they may be caused by handling
during the making of preparations is uncertain. Examples are
known of additional chromosomes which are morphologically in-
distinguishable from the A-chromosomes. The behaviour of the
B-chromosomes during meiosis is not predictable (Mochiguki,
1957) but they are known to cause stickiness of the first meta-—
phase, irregularities of disjunction and even non-disjunction.
These irregularities are commonly confined to microsporogenesis
and cause variation in gametic chromosome numbers. When there
is partial pairing with the A-chromosomes the melotic divisions

may occur precociously or be retarded.
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No detailed investigation has been made of the morpho-
logy of the chromosomes in the present work. The meiotic be-

haviour of some plants of A. compressus suggests that they have

B-chromosomes. Because of the uncertainty concerning the true
nature of the quadrivalents recorded (Table 10) it can not be
said whether or not the B-chromosomes have any homology with

the A-~chromosomes. In some plants of A. brevipedunculatus the

presence of two extra chromosomes has earlier been attributed
to fragmentation or to their being B~chromosomes. The presence
of two meiotic univalents in such plants suggests that their
being B-chromosomes is the more likely explanation.

In the natural hybrid A. compressus x flexuosus the

diploid numbers recorded suggest that these plants arcse from
crosses between 2n;40 and 2n=60 parents. The presence of up to
four extra chromosomes in some plants again suggests that these
are B-chromosomes. The diploid number of 48, however, requires
some other explanation. The population (Leicester) from which
these 2n=48 plants were collected has been sampled on several
occasions. No 2n=60 plants have been found in or near the popu-
lation. It seems uﬁlikely that this population has arisen from
a cross between 2n=40 and 2n=560 parents, but that it is a popu-
lation in which B-chromosomes have accumulated. This problem
ig still under examination and a certain amount of evidence

(not presented here) has been obtained, which indicates that
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chromogome number varies within a single plant. If this is the
case, 1t would explain the irregularities of pollen meiosis and
1ts products; since pollen mother cells with meny B-chromosomes
have more irregular meiosis than those with few, and produce a
higher proportion of micronuclei.

The species examined form a polyploid series. Since

the genus also contains species with 2n=20 (A. scoparius and

A. iridaceus) A. compressus and A. brevipedunculatus must be

regarded as tetraploids, A. flexuosus and A. arenosus as hexa-

octoploid. The meiotic behaviour of all thess specles is re-
gular and they are a2ll highly fertile. Az no evidence of inter-
generic hybridisation has been obtained from any of the present
investigations, these species must be assumed to have only in-
frageneric or even infrasectionsl relaticonship to each other.
Their amphidiploid behaviour indicates that either the pairing
of their chromosomes is genetically controlled or their chromo-
some complements consist of several different gencmes. These
points will be considered later. Not only do they fall into
three cytotaxonomic categories, as determined by the degree of

polyploidy, but the irregularity of meiosis in the artificial

A, compressus x A. brevipedunculatus hybrid indicates that the

two species concerned are also cytotaxonomically distinct, HNo

equivalent information has been obtained for the two 2n=60




species, A. flexuosus and A. arencsus.

The breeding mechanisms of the four West African spe-
cies present additional barriers to hybridisation besides those
of distribution and differences in cytology. Tvidence has been

obtained of an apomictic breeding mechanism in three of the

Cytological confirmation of the mechanism by which apomicitically
formed seeds are produced has only been obtained for the first
of these species., Other evidence indicates that the remaining
two species probably produce seed by the same apomictic process.
Apomicts present both taxonomic and nomenclatural

problems. The taxonomic problems stem from different views con-
cerning the definition of the species. When the discovery of

an apomictic breeding mechanism follows the recognition of the
species by orthodox, morphological standards, the view that the
species consists of an agamic complex 1s generally acceptable.
At the other extreme, the splitting of a species group into a
number of new species on the basis of the discovery of component
apomictic groups is often strongly criticised. In the case of

such extensively investigated genera as Rubus, Hieracium,

of new nomenclatural principles (trinomials, microspecific
status prefixes or apomictic status prefixes) which would not,

perhaps, satisfy the crthodox taxonomist, but would be of bene-
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fit to the monographer and experimental worker. Tor general
compilation of floras, however, apomicts are considered too de-
manding on space to warrant full recognition or are excluded
entirely (together with ecospecies) (Valentine and Heywood,
1961, Walters, 1959). In general, it is reasonable to reserve
the rank of species for groups of organisms which can be de-
fined morphologicaily, and it was for this reason that the apo-
micts dealt with here were given specific status. NWot only do
they differ morphologically, but they are isolated from each
other by differences in chromosome number and breeding mechanisms
and distributions; hence, it is considered reasonable that they
he afforded the rank of species. It may be that in the future
other apomict groups may be discovered within the complex.
Amongst the herbarium materials which have been examined, were

a number which could be determined as A. brevipedunculatus, but

which differed in minor morphological details. These may have
been due to responses to different growing conditions, but the
presence of fruits in the spikelets within the ultimate leaf
sheath indicated that the plants were apomictic.

In its spread through West Africa Lxonopus has bene-

fitted from being & ruderal weed. A. compressus is a character-
istic plant of bush paths, which form the arterial system of
vast areas of West Africa. Along these paths the seasonal

changes in water supply and the diurnal changes of temperature




are much smaller than in more open habitats. A. compressus

seeds are more likely to be accidentally carried by man and
animals along these paths than they would be in open habitats.
The other three West African species may have evolved from eco-
types which were better adapted to 1ife in the habitalts now
occupied by these species, but it is impossible to say whether
these early stages took place after introduction‘into West
Africa, or whether they had already occurred amongst the Ameri-
can ancestors. It is unlikely that the entire process of speci-
ation was complete before introduction. If it was, the same
species should now be present in the Caribbean area, but only

A, compressus, A. affinis and A. brevipedunculatus are present

there. Ticoclogical specialisation has undoubtedly occurred, but
the more important changes which have taken place are those in-

volving change in chromosome number and breeding mechanism.

Clausen (1961) reviewed the evolution, distribution
and ability to hybridise of the genus Foa. He suggested that
because long sevarated groups could be crossed to give hybrids
which were usually fertile, the genus had preserved a state of
'evolutionary youthfulnesg' through polyploidy and apomixis.
Pog hybrids derive their fertility either from a high degree of
homology between the genomes of their parents, or from seed

production through apospory or adventitious embryony. One con-—
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sequence of this sustained fertility is that B~chromosomes have
accumilated and are transmitted teo and maintained in the hybrids
(Hikanson, 1954, Milinkovie, 1957, Mlintzing, 1948, Nygren, 1958,
Skalinska, 1959). Axonopus has been investigated much less than
Poa, but what is known about the genus suggests that there are
certain features common to both these genera. The range of
chromosome numbers which have been recorded for South American
Axonopus species suggests that B-chromosomes and volyploidy are
common. Apomixis in Pog ensures that the hybrid genotype is
passed on to the offspring, without addition or deletion. In
Axonopus apomicts the genotype of the seed parent is passed on
to the offspring. If, however, the seed parent was heterczygous,
the offspring only inherit a homozygous genotype.

The term amphidiploidy (Clausen, Keck and Hiesey,
1945) was coined to describe all polyploids derived from parents
which were separated at the diploid level by hybrid sterility,

tosa x P. arachnifera which have full chromosome pairing.

Functional diploidy means that reproduction by seed is possible
because Tull chromosome pairing occurs — regardless of whether
the plant is diploid or polyploid. The ability of the chromo-
somes to pair is now known to be controlled either by the degree
of homology or by genetic means. In amphidiploids proper,

functional diploidy is achieved when the hybrid genotype is
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doubled. In the case of Triticum (Sears and Okamoto, 1957,
Riley, 1960) pairing occurs only between chromosomes of the
same parvental genome (A with A, B with B and D with D) because
of the regulatory effect of a segment of one of the chromosomes
(5, in the B genome).

The five species of Axonopus which have been investi-
gated are all functionally diploid. Since two of the species
are tetraploid, two hexaploid and one octoploid, it seems most
probable that pairing of their chromosomes is genetically con-
trolied. The meiotic irregularities in the natural and arti-
ficial hybrids appear to confirm this view. These irregularities
include 'stickiness', the formation of multivalents, the forma-
tion of a high proportion of bivalents and some quadrivalents
and the formation of a high proportion of bivalents with some
univalents. In the natural hybrids, some of the irregularity
may be due to the presence of B-chromosomes, but in the arti-
ficial hybrids none of the parents had B-chromosomes, and the
irregularities suggest the loss of genetic control over pairing.
In the artificial hybrids also the meiotic behaviour indicates

that there is considerable homology between the parental genomes,

but that they differ in chromesome structure.

The evolution of these Axonopus polyploids can be con-
sidered in theoretical terms only. The simplest explanation for

the origin of the tetraploid condition is that chromosome doub-
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ling occurred in a sterile hybrid between two diploid ancestors.
The new allotetraploid may have achieved functional diploidy by
one or a combination of the following: -

1. as the initial consequence of chromosome doubling, as in

Haphanobrassica (Karpechenko, 1927);

2 through chromosome recombination in succeeding generationsy
3. through chromosomal reorganisation assisted by vegetative

reproduction, or
4. through chromosomal recombination brought about as a con-

seguence of the adoption of an apomictic mode of repro-

duction.
The first of these processes would depend upon the amount of
homology between the two genomes of the hybrid, but if it gave
an allotetraploid condition which permitted only reduced sexual
reproductioh, the second process may have further assisted in
arriving at the functional diploid state. FPressure of natural
selection may have favoured chromosome recombinants in a way
analogous to that by which crop plants are improved by artifi-
cial selection (Heinz, 1962). Chromosomal reorganisation would
depend upon a long sequence of interchanges taking place. These
may have been multiplied by vegetative reproduction and selected
in sexual reproduction. The process would have to have Dbeen
prolonged, and would probably have led to the evolution of many

more species than have actually been recorded, at this level of




polyploidy. The adoption of an apomictic mode of reproduction
may have permitted the achievement of functional diploidy in
one or a few generations, depending upon the kind of apomixis
and the regularity of the first meiotic division. Apospory and
adventitious embryony would only preserve the originsl allo-
tetraplolid condition. Diplospory, in which pairing and crossing-—
over occur, but reduction does not, may have permitted some
chromosomal reorganisation. Automixis, provided that the mei-
otic reduction resulted in fairly balanced products, would
rapidly have selected a tetraploid chromosome complement com-
posed of two homologous sets.

The hexaploids cculd have arisen by chromosome doubling
of a sterile triploid or by union of reduced and unreduced
gametes from a tetraploid. The octoploid could have arisen by

.

chromosome doubling of a tetraploid, or from & hybrid between
two tetraploids, or by union of a reduced gamete from a tetra-
ploid and an unreduced gamete from a hexaploid (Darlington,
1963, Riley, 1957, Stebbins, 1956). Whichever processes may
have been involved, the final products are functional diploids,
and apparently have their own distinct chromosome complements.
The sterility barriers which have been found between some of

these species are reinforced by differences in distribution and

breeding mechanisms.
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The susceptibility of grasses to changes in reproduc-
tive behaviour, in habitats which approximate to the extremes
of their tolerance, is well known. A consequence of adaptation
to non~optimal conditions is that suitable phenotypic variants
are favoured by natural selection and this facilitates the pro-
duction of new genotypic variants. Apomixis in grasses is com~
mon (Atwood, 1947, Bashaw and MHolt, 1958, Bashaw, 1962,
Borgaonkar, 1957, Brown and Emery, 1957, 1958, Burton, 1962,
Carnahan and Hill, 1961, Celarier and Harlan, 1957, Emery, 1957,
Farqubharson, 1955, Fisher, Bashaw and Holt, 1954, Gildenhuys and
Brix, 1958, Hair, 1952, Hayman, 1956, Narayan, 1955, Nygren,
1951, 1954, Powers, 1944, Skalinska, 1959, Snyder, 1957, Warmke,
1954) but little is known about its causes. Bashaw and Hoff,
(1962), Burton (1962) and Julen (1960) have found that X-rays
snd other ionising radiations effect changes in the frequency
with which apomictic offspring are produced by Paspalum and
Poa. Knox and Heslop—Harrison (1963) have shown that light re-
gime determines the produciion of either reduced or unreduced

embryo sacs in Dichanthium aristatum (Poir.) Hubbard. In Poa

the incidence of apomixis bears no relation to chromosome number
but it is commonly assoclated with polyploidy. It is a pheno-
typic response to the environment in species at the limits of
their ecological distribution, but is also regulated genetically.

The progeny of facultative apomicts segregate as predominantly




sexual or predominantly apomict, as though apomixis were con-
trolled by either one or several genes.

The apomictic species of Axonopus are more tolerant
of habitats with a greater daily and seasonal change of tempe—
rature and water supply. In the exposed habitats cccupied by

the apomictic A. brevipedunculatus, diurnal changes in surface

. o o v as .
soil temperature range between 6 C and 85 C and direct insola-
tion may have a duration of 10 hours daily. By contrast, the

bush path habitats of the sexually reproducing A. compressus

experience very small ftemperature changes around an ambient of
2300 and direct insolation may never occur, or occur for brief
periods when the tree cancpy is broken. The morphology of the
flowering stems suggests that selection for apomixis has been
paralleled by selection for short peduncles. The mechanical
prevention of anthesis in spikelets which remain enclosed in
the ultimate leaf sheath may have contributed to selection for

apomixis.

oD

The general view of apomixis in the Panicold grasses
is that they are aposporous (Carnahan and Hill, 1961). It is
based upon a survey (Brown and Emery, 1957) in which four-
nucleate embryo sacs were regarded as being unreduced and eight-
nucleate embryo sacs were regarded as being reduced. OSnyder
(1957) found this criterion to be unreliable, since the eight-

nucleate embryo sac in Paspalum secans Hitchc. and Chase is
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aposporous. Also, Gildenhuys and Brix (1958) found that the

four-nucleate embryo sac of Pennisetum dubium Gildenh. and Brix

can be reduced, having degenerate antipodals and fused polar
nuclei.

In Axonopus the chromosomes of the archesporial cell
Pair fully, and meiosis gives rise to a T-shaped tetrad of
megaspores. The innermost megaspore is therefore haploid, and
all the nuclei which are produced from it by mitosgis, must have
the same haploid genotype. The division of the two micropylar
nuclei of the four-nucleste stage differs. One nucleus divides
nermally to produce a nucleus which forms a synergid and an-
other which becomes one of the polar nuclei. The second nucleus
undergoes chromosome divisicn, so that two large nucleoli are
observed, but the products are contained within a single nucleus.
Unlike accounts of facultative apomixis, it is not necessary
here to resort to statistics of the number of stages recorded.
A11 the archesporial cells, observed in division, had paired
chromosomes at diakinesis and first metaphase; all the early
embryo sacs observed were associated with the remains of the
degenerating megasporess all the mature embryo sacs, except
the sposporous ones, were seven-nucleate and had the pro-embryo
initial in the characteristic lateral position; no pollen ger-—
mination was observed and no signs of pollen tubes or gametes

was Tound in the embryo sacs; few spikelets failed to set fruit.
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Since the embryo sacs which develop from reduced mega-
spores contain haploid nucleil of the same genotype as the mega-~
spore, the pro—embryo initial can only have a completely homo-
zygous diploid constitution. Automixis is therefore a very
highly specialised reproductive system, but it would be wrong
to regard it as an evolutionary cul-de-sac. Thomas (1940) has
outlined the significance of the homozygotization which auto-
mixis occasions in the progeny, bui some evolutionary aspects
are worthy of consideration here.

In sexual populations, a balanced reserve of hetero-
zygosity is waintained through segregation and recombination.
Such populations always contain a large array of genotypes.

The pressure of natural selection tends to eliminate the least
favourable genotypes, but the alleles, which make these geno-
types less favourable, are guarded against selection when in the
heterozygous condition. They are never completely eliminated
from the population. Other forms of apomixis also allow the
maintenance of unfavourable alleles either by the production of
the embryo from somatic cells, or by circumventing the meiotic
reduction division, by which such alleles might be excluded from
the reproductive cells.

High selection pressure, on an organism which has ap-
proached the limit of its ecological tolerance, favours a much

smaller variety of genotypes. The sexual mode of reproduction

D
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then becomes less efficient as a means of maintaining the popu-
lation within the Iimits of the new range of genotypes. This
1s not necessarily true in the case of annuals or ephemerals,
in which a wide range of genotypes are produced duriung a short,
Tavoursble season of the year. Vegetative reproduction has a
selective advantage under these circumstances, though it main-

Sy

tains unfavourable genotypes. Also it fails to afford the same
advantages for further spread which are associated with repro-
duction by seed. BSelection for apomixis ensures that the
ability to reproduce by seed is retained.

There are two important processes in the sexual pro-
duction of seed. TIirst, there is the formation of haploid eggs
and secondly the reintroduction of the diploid condition by
fertilisation of these eggs by haploid male gametes. In apo-
mixis the production of a haploid egg is replaced by the produc-—-
tion of & diploid pro-embryo initial, and this avoids the neceg-—
sity for fertilisation. Since reduction and fertilisation are
the processes by which genetic segregation and recombination
occur, the apomictic mode of reproduction does not allow the

production of as wide a variety of genotypes. It leads to the

production of populations in which one or seversl characters

£

become fixed and which may be regarded by some as sufficient to
warrant taxonomic recognition (especially if the character con-

cerned affects the form of the flower or inflorescence). Recom-
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bination is never completely eliminated in apomictic populations
but it is always reduced. Variation may arise if the apomictic
lines evolve separately from sexual crosses, or from hybridiza-—
tion between facultative apomicts, or from gene and chromosome
changes taking place in the apomict itself. In automixis vari-
ation is restricted to the separate evolution of automictic
lines and to gene and chromosome changes. In meristems which
give rise to inflorescences any gene mutation, or change in
chromosome structure, will be rendered homozygous in the auto-
mictically produced offspring. If these changes affect the
morphology of the plant, then they will be apparent in the pheno-
type. In other forms of apomixis, such mutants are maintained
in the heterozygous condition.

One important aspect of the lowering of the recom-—
bination rate is that 1t maintains genetic control over the
apomictic processes themselves., These processes include the
production of a diploid pro—embryo initial, the development of
the pro-embryo initial (in autonomous apomicts) without the

oflinakion
stimulus of preeiretiown, and the development of the endosperm
without fertilisation. Since crosses between sexual and apomic—
tic species give hybrids which are sexual, and from which apo~
micts segregate in later generations, the genetic control of
the apomictic mode of reproduction is regarded as being reces—

sive to the control of sexuality. The hybrids obtained from



http://process.es

- 148 -

the cross A. compressus x A. brevipedunculatus showed no indi-

cation of being able to reproduce apomictically, despite their
meiotic irregularities, and this suggests that automixis in

A. brevipedunculatus is controlled by recessive genes in the

homozygous condition., This also suggests that the origin of
the automictic mode of reproduction was the selection of reces-
sive alleles. These regulated the three processes, mentioned
above, when in the homozygous condition. This could have been

achieved when the sexual progenitor, probably A. compressus,

Spread into habitats in which the pressure of natural selection
was sufficiently high to favour only a small array of genotypes.
Automixis, together with a genetic control of chromo-
some pairing, offers a possible explanation for the evolution
of hexaploids. Union of reduced and unreduced gametes from
tetraploids, or the chance fertilisation of a pro-embryo initial
by a reduced gamete from a tetraploid, would give the hexaploid
state. Homozygotization, of the alleles concerned with the con-
trol of automixis, could then have occurred as a conseguence of
the greater representation which those alleles would have in
the hexaploid, than in the tetraploid. This would depend upon
the degree of dominance of the sexuality alleles over the auto-

mixis alleles.

There appear to be two lines of relationship amongst
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the species investigated. A. compressus, A. flexuosus and

A. affinis more closely resemble each other, in the arrangement
of their inflorescences and thelr sexuality, than they resenble

the two remaining species, A. brevipedunculatus and A. arenosus.

A. flexuosus is capable of producing some fruit when emasculated,

but its free flowering in natural populations suggests that it

is probably a facultative apomict. A. brevipedunculiatus and

A, arenosus flower much less freely in natural populations and
it is sssumed that the shoriness of the peduncle is associated
with obligatory apomixis, in these species.

The two lines of relationship are represented in the
diagram below, The diagram is not intended to present a complete
summary of the evolution of the five species, bult attempts to
illustrate the probable relationships between them and the

natural hybrids.

Sexual Apomictic
2n=060 A. affinis
2n=60 A. flexuosus A. arenosus

(sterile hybrid)

2n=40 Ai. compressus — (sterile hybrid) — A. brevipedunculatus
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Summary. |
The genus 1s defined in the terms proposed by Chase (1911),
and variation in the genus is outlined briefly. A short account

is given of the history of the taxonomy of the Axonepus compressus

(sw.)Beauv, complex, and seven taxa are proposed for West Africa.

These are: A,compressus (SW.)Beauv.

AJbrevipedunculatus Gledhill, sp.nov,

A.flexuosus (Peter) Hubbard ex Troupin
A.arenosus Gledhill, sp.nov.
A,affinis Chase

A.compressus x flexuosus Gledhill, hyb.nov,

AJbrevipedunculatus x compressus Gledhill, hyb.nov.

A,affinis was introduced from America and Australia,by the writer.
Accounts are given of investigations on tﬁe morphology,

anatomy, cytology and breeding mechanisms of the taxa, and of the

artificial hybrids from three separate crosses, The breeding

mechanism of A,brevipedunculatus is described as automictic (Thomas,

1940) .

It is suggested that Axonopus evolved in South America,
and was probably brought to West Africa by liberated slaves,

The taxonomy is considered in terms of the differences
in ecologiecal requirements, morphology and morphological variation,
cytology and breeding mechanisms. The evolution of polyploidy and
apomixis is discussed, and the parts played by these in the evolution
of the West African taxa are considered. The species examined
represent three levels of polyploidy,and can be arranged as two

lines of relationship., One line is sexual, and the other apomictic,
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endix 1.

A
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The following artificial key has been designed to
separate Axonopus from genera which are either closely allied
to it, or whose names have been confused with it. In attempting
to keep it simple,yet explicit, the names of many genera have not
been included. Some of these genera would in fact run out at

certain points in the key.

1.Spikelets 2-flowered, falling entire at maturity, usually with
the upper floret hermaphrodite and the lower male or barren,
and if the latter often reduced to the lemma or, rarely, the
lemma entirely absent, all alike or differing in size and
shape and structure, frequently dorsally compressed. 2.
Spikelets 1- to many-flowered, breaking up at maturity above
the more or less persistent glumes, or if falling entire
then not 2-flowered with the lower male or barren and the
upper hemaphrodite, usually more or less laterally compressed.
Milium and sub-family Pooideae.
2 .Glumes membranaceous, the sterile lemma like the glumes in
texture. -3.
Glumes indurate, The sterile lemma like the fertile one, the
fertile lemma and palea hyaline or membranaceous.
(Tripsacaceae and Andropogoneae).
3. Fertile lemma and palea indurate or at least more firm than the
glumes., 4.
Fertile lemma and palea thinner than the glumes, sterile lemma

awned from the notched apex, (Melinideas)



L .Spikelets not recessed in cavities along the rachis, 5.
Spikelets recessed along the rachis, the latter corky and dis-

articulating at maturity. Stenotaphrum.

5.Fruit chartaceous-indurate, rigid. 6.

Fruit cartilaginous-indurate, flexible. Digitaria.

6.Spikelets abaxial. 7.
Spikelets adaxial. 9.
7.0ne or both glumes present, fruit not long-acuminate. ' 8.

Both glumes wanting, fruit long-acuminate.

Reimarochloa.

8.First glume present, spikelets usually in paniecles.
Panicum.
First glume typically wanting, spikelets sub-sessile in spike-like
racemes, plano~-convex, Paspalum.
9.First glume present or wanting, not forming a ring-like callus
below the spikelet. 10,
First glume and the rachilla joint forming a ring~like callus below
the spikelet. Eriochloa.
10.First glume present, its back to the axis, up to 2/3 the length of
the spikelet, racemes racemose along the main axis,
| Brachiaria,

First glume wanting, racemes digitate or sub-digitate.

Axonogus.
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Some of the differences between Axonopus and related genera

"are set out in the following table.

Spikelet
orientation and | Glumes |Lower palea | Inflorescence
disarticulation

Milium abaxial, equal |[absent paniculate

above glumes

Panicum abaxial. unequal | present
below glumes

Digitaria .e unequal|obsolete digitate
or 1st racemes
wanting

Paspalum .o .o absent .o

Stenotaphrum . unequal|present solitary

racemes

Reimarochloa

= . wanting| obsolete digitate
racemes

Eriochloa i

adaxial. unequal| present approximate
or 4st racemes
below glumes X
wanting
Brachiaria .o unequal .e oo
Axonopus .o 1st absent digitate

wanting racemes
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History of the genus Axonopus Beauv..

This short account of the history of the genus is mainly
concerned with the stages by which the genus came be to established

upon the type species, Axonopus compressus (Sw.)Beauv.. More detailed

accounts can be found in the works of Chase (1911), Dedecca (1956) and
Black (1963).

Beauvois' citation of four species,as being representative
of the genus, presented later workers with more than the task of
Justifying the erection of the genus. Beauvois expressly left this
task to posterity. The four species which he cited differ amongst
themselves in several important respects. These include differences
in structure of the spikelets and inflorescences.

Several of the earlier workers modified the taxonomy of the
genus Paspalum Linn.,in such a way as to include some of the species
cited by Beauvois into that genus. Thus, Nees (1829) proposed six
sections in the genus Paspalum, and three of these contained many
species which are now regarded as being species of the genus Axonopus.

One such species was Paspalum compressum Rasp.. Doell (1877) gave

Axonopus as a synonym for his section Cabrera, of the genus Paspalum.
Schlechtendal (1850,1877) raised Nees' section Digitariae, which

contained Paspalum compressum Rasp., to generic statas. He gave this

genus the nomen Anastrophus. Hickel (1887) reverted to the Paspalum
concept. His third section of that genus was composed of members
which had the second glume and fertile lemma turned away from the axis
of the inflorescence,

dpart from the major digression by which Hooker (1896)
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reverted to the separate genus, Axonopus, which in his view was based

on Milium cimicinum Sw., and its adoption by Stapf (1896), subsequent

revisions of the genus Paspalum and related genera have brought
together Lagasca's (1816) genus Cabrera, Steudel's (1854) genus
Lappagopsis and Beauvois' (1812) genus Axonoepus as & single genus,

based upon Milium compressum Sw..

Nash (1903) employed Schlechtendal's name,Anastrophus, for
this alliance, but Hitchcock (1906) adopted the earlier name, Axonopus.
The full justification of the genus must be attributed to Chase (1911).
Her review not only clarifies the case for establishing the genus upon

Milium compressum Sw,, but also includes a note on the heterogeneity

of the type species itself,
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Synonymy, descriptions and distributions of the West African species

and natural hybrids.

Axonopus compressus (Sw.)Beauv.

Milium compressum Sw. (Prodr. 24.1788 and F1.Ind.Occ. 1:183.1797)

Paspalum tristachyum Lam. (Tabl.Encycl. 1:176.1791)

Paspalum platycaulon Poir. (Encycl.Suppl. 5:34.1804)

Agrostis compressa Poir. (Encycl.Suppl. 1:528.1840)

Paspalum compressum Rasp. (Ann.Sci.Nat, 1,5:301.1825)

Paspalum laticulmum Spreng. (Syst.Veg. 1:245.1825)

Digitaria platycaulis Desv. (Opusc. 62.1831)

Paspalum guadaloupense Steud. (Syn.Pl.Glum. 18 and 20.1855)

Paspalum depressum Steud. (Syn.Pl.Glum. 112.1855)

Anastrophus compressus Schlecht. (Bot.Zeit. 8:681}J%S®

Anastrophus platycaulis Schlecht. (Ind.Kew. 1:118.1893)

Panicum platycaulon Ktze. (Rev.Gen.Pl..3:363.1898)

Paspalum raunkiserii Mez (Fedde Rep. 15:60.1917)
Perennial, up to 30 cms tall, forming small tufts and solitary culms from
slender rhizomes. Stolon internodes c. 5 cms long, 1.3 mm wide, compressed
and double keeled adjacent to the innovation below., Culms slendsr, ascending
or erect, Sheaths 3 mm wide, compressed, glabrous or ciliate on the margins
below the insertion of the blade. Blades 2.5 - 16 cms long, (3-)6 - 10 mm
wide, linear-lanceolate from a rounded base, asymmetrically roundsd at the

glabrous

apex, flat or folded aleng the conspicucus midrib, bright green, g
or sparsely ciliate, the margins ciliate with hairs 1 - 1.5 mm long and
0.2 mm apart and with hyaline teeth interposed between them. Nodes

giabrous to hairy, with white hairs 1.5 mm long. Inflcrescences 2 - 3,

each with 2, 2 or rarely L spreading,spike-like racemes. The first raceme
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terminal, the second suk-terminal, and the third about 2 cms below (rarely,
the third receme is alsc sub-terminal). Peduncles 0.7 mm dismeter,
glabrous, triquetrous, much longer than the ultimate leaf sheath. Racemes
5 - 7 cms long, slender, straight. Rachis glabrous, tfiquetrous, smooth
or slightly scaberulous at the mavgins. Pedicels alternating in slight
depressions at each side of the sbaxial margin., Spikelets 1,9 ~ 2.4 mm
long, 0,7 mm wide, oblong, obtuse to sub-acute, green or slightly antho-
cyenocsed, slightly or sometimes strongly white silky-hairy., Hairs
appressed or spreading at the base of the spikelet. Second glume
corresponding in size and shape to the spikelet, bluntly apiculate, with
minute hyaline projections near the apex, 5 or L nerved, WNerves faint,
the inner pair with one rank of hairs within and the cuter pair flanked
by hairs on each side. Sterile lemma subsimilar to the glume,but embraced
by it merginally. TFertile lemme and paleafsubsimilar, 1.6 mm long, the
former with an apical tuft of hairs and embracing the latter marginally,
crustaceous and minutely rugose., Anthers 0.5 mm long, white to pale mauve
with darker mauve margins. Stigmas white to pale mauve. Truit 1.3 mm
long, 0.6 mm wide, elliptic-obtuse, yellowish~-white. Embrys occupying

the lower third of the grain. Hilum smsll oval.

Axonopus flexuosus (Peter) Hubbard ex Troupin. (Fl,Parc Nat.Garamba 1.4:18.1956

Digitaria flexuosa Peter (Fedde Rep. 40:165.1930)

Axonopus compressus var jesuitica Araujo (Bol.Secret Est.Negoc.Agr.
Ind.& Comm. 100:36,1943)

Axonopus compressus subsp.congoensis Henr. (Blumea 5:529.1945)

(&xonopus africanus Hubbard illegitimate)

Perennial, up to 60 cms tall, forming a deep matted swerd of stoloniferous

growth., Stolons at first erect, becoming long~arched and rocting, inter-
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ncdes up to 30 cms long, 6 mm wide, compressed and obtusely
double kesled. Culms stout, erect or geniculately ascending,
Sheaths un to 6 mm wide, compressed, smooth, glabrous. Lower
sheaths 2-8 cms long, crowded, long-flabellate. Leaf blades up
to 30 cms long and 20 mm wide, linear to linear-lanceolate, ob-
tuse to sub-acute, not markedly asymmetrically pointed, scarcely
auricled at the base, flat or folded along the conspicuous mid
nerve and principal latersal nerves, green to dark-green, glabrous,
the margins with hyaline teeth only. Nodes glabrous. Inflores-—
cences 3 - 5, each with 2, 3, 4 or 5 spike-like, narrowly spread-
ing racemes; the interval between the lowest raceme and the
upper ones (which may be inserted sub-conjugately) being 3 - 4
cms. Peduncles 0.8 mm diameter, glabrous, trigquetrous, twice as
long as the ultimate leaf sheath, or more. Racemes up to 16 cms
long, flexuous, olive~green. BRachis glabrous triquetrous, min-
utely scarberulous on the margins. Spikelets 3.3 (- 4) mm long,
0.9 mm wide, narrowly ovate-lanceolate, sub-acute to acute, acu~-
minate, glabrous or inconspicuously appressed silky~hairy.
Second glume corresponding in sigze and shape to the spikelet,
sub~-acute, apiculate, with scattered hyaline projections near
the apex. LK Sterile lemma subsimilar to the glume but embraced by
it marginally and more convex. Fertile lemma and palea subsimi-
lar, 2,0 mm long, 0.9 mm wide, thinly crustaceous and minutely

rugose; the former with an apical tuft of hairs and embracing
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the latter marginally. Anthers 0.7 mm long, linear, deep mauve.
Stigma deep mauve. Fruit 1.9 mm long, 0.8 mm wide, elliptic ob-
tuse, the embryo occupying the lower half of the grain. Hilum

small, oval.

Axonopus compressus x flexuosus Gledhill, hyb. nov. (Article H.1

International Code of Botanical Nomenclature (1961) note 4 - the
order of the epithets is alphabetical). Perennial, up to 60 cms
tail, forming a deep mat of stoloniferous growth. Stolons at
first erect, later arching and becoﬁing rooted, internocdes up to
8 cms long and 2.5 mm wide, compressed and sharply double keeled.
Culms slender, erect or geniculately ascending, terminal and
also lateral from the lower nodes. Sheaths compressed,up to 4 mnm
wide, striate, glabrous or slightly hairy on the margins below
the insertion of the blade; lower sheaths up to 8 cms long,
crowded, long flabellate. Leaf blades up to 45 cms long and

15 mm wide, linear to linear-lanceolate, obtuse to sub-acute, not
markedly asymmeirically pointed, scarcely auricled, frequently
folded along the principal veins, glabrous, the margins remotely
ciliate towards the base but With‘hyaline teeth alone towards

the apex. Nodes sparsely hairy; hairs 1.5 mm long. Inflores-
cences 3 ~ 4, each with 2, 3 or 4 spreading spike-—like racemes.
Peduncles glabrous, more than twice the length of the ultimate

leaf sheath. Racemes up to 14 cms long, flexuous. Rachis glab-




rous, triquetrous, scarberulous on the margins. Spikelets (2.7 -)
3 (- 3.4) mm long and 0.9 mm wide, lanceolate, sub-acute to acute,
appressed white silky-hairy. Second glume sub-acute apiculate,
S-nerved (the middle nerve obscure), with hyaline teeth towards
the apex, embracing the sterile lemma marginally. Fertile lemma
and palea subsimilar, 1.9 mm long and 0.8 mm wide, the former
with an apical tuft of hairs and embracing the latter marginally.
Anthers orange-brown with dark, punctate markings marginally,

never turgid. Stigmas deep mauve. Fruits not known.

Axonopus brevipedunculatus Gledhill, spec. nov.

Axonopus compressus subsp. brevipedunculatus Gledhill

(Phytomorph. 12, 43 412. 1962) pro parte.
Perennial up to 16 cms tall, forming a dense tufted turf with
strongly rooting stolons and short, stout rhizomes. Stolon in-
ternodes up to 3 cms long, 2.2 mm wide, compressed and shallowly
double keeled. Culms robust, terminal and solitary or in extra-
vaginal groups from the innovations. Sheaths up to 6 mﬁ wide,
strongly compressed, with scattered long hairs on the margins and
below the insertion of the blades. Lower sheaths 2 - 5 cms long,
crowded, flabellate, smooth, striate, persistent. DBlades (3.5 =)
12 (- 20) cms long, up to 13.5 mm wide, ovate-lanceolate from a
rounded base, asymmetrically rounded at the apex, dark green or

anthocyanosed, hispid on the upper surface and often corrugated




- 162 -

between the nerves, the margins undulate, ciliate with hairs
1.5 mm long on hyaline bases; the hairs 0.3 mm apart at the
base but the interval increasing upwards such that in the upper
third forward pointing hyaline teeth only are present. Nodes
hairy; the hairs up to 1.8 mm long, white to pale mauve. In-

florescences 2, 3 or 4, each with 2 or 3 spike~like racemes.

Peduncles 0.8 mm diameter, triquetrous, glabrous, seldom as long
as the ultimate leaf-sheath. Racemes up to 6 cms long, strict,
dark green or anthocyanosed. Rachis triquetrous, glabrous,
scaberulous at the margins. Spikelets (2.6 =) 2.8 (- 3.4) mm
long, 1.1 mm wide, broadly ovate-lanceolate, sub-acute, green or
anthocyanosed, becoming straminquous, long silky-hairy; the
hairs white to pale mauve, up to 1 mm long. BSecond glume cor-
responding in size and shape to the spikelet, sub-acute, with
hyaline teeth towards the apex. Sterile lemma sub-similar to
the glume but embraced by it marginally. Fertile lemma and
palea subsimilar, 1.8 mm long, 0.8 mm wide, the former with a
much reduced apical tuft of hairs and embracing the latter mar-
ginally. Anthers 0.6 mm long, yellow, becoming contorted and
compressed by the growth of the caryopsis, seldom being exserted
and then becoming crescentiform. Stigma white to pale mauve.
Fruit 1.4 mm long, 0.8 mm wide, elliptic obtuse; the embryo occ-
cupying the lower half of the grain. Hilum small, oval.

a A. compresso (Sw‘) Beauv. pedunculo folii terminalis
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quam vagina raro multo longiore, inflorescentiis strictis,
spiculis longioribus 2.8 mm, longis subacutis pilosis, stolon-

A

ibus crassioribus, foliorum vaginis at laminis Iatioribus, lami-~
nis atroviridibus supra pilis rigidiusculis laxe disvpositis
apice saspe rubidis, folio terminale longitudine reducta diffext;

cuiusg exempla in collegio Fourasinense herbariogue Kewense re-

posita sunt.

Axonopus brevipedunculatus x cempressus Gledhill, Hyb. nov.

Axonopus compressus subsp. brevipedunculatus Gledhill
(Phytomorph. 112, 4; 4. 1962) pro parte.

Perennial, up to 2% cms tall, forming a tufted, strongly stolon-
iferous turf in open, disturbed habitats. Stolon internodes up
to 3 cms long, 2.3 mp wide, compressed and shallowly doubl
keeled. Culms robust, branched, dark green or anthocyanosed.
Sheaths compressed, up to 6 mm wide, lower sheaths up to 6 cms
long, sparsely hairy on the margins and below the leaf blade,
crowded, flabellate, persistent. Blades (3 -) 11.4 (- 20) cms
long, 9.5 mm wide, ovate-lanceolate from a rounded base, asym-
metrically rounded at the apex, dark green, usually becoming
strongly anthocyanosed, hispid on the upper surface, the margins
ciliate. Nodes hairy; hairs white to pale mauve. Inflorescences
2, 3 or 4, each with 2 or 3 spike-like racemes. Peduncles 0.8 mm

diameter, glabrous, triquetrous, as long as or slightly longer
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than the ultimate leaf sheath. Racemes up to 6 cms long, strict
or slightly spreading, usually anthocyanosed. Rachis glabrous,
triguetrous, scaberulous at the margins. Spikelets (2.5 -) 2.7
(- 3)mm long, 1 mm wide, ovate-lanceolate, sub-acute, anthocy-
anosed, becoming stramineous, silky hairy§ the hairs appressed
or spreading. Second glume corresponding in size and shape to
the spikelet, sub-acute, with hyaline teeth towards the apex,
embracing the sterile lemma marginally. Fertile lemma and palea
subsimilar, 1.8 mm long, 0.8 mm wide, the former with a reduced
apical tuft of hairs and embracing the latter marginally. An-

thers dark mauve, seldom turgid. Stigmas mauve. Frult unknown.

Axonopusg arenosus Gledhill, sp. nov.

Perennial up to 20 cms tall, forming an open, tufted,
stoloniferous turf on shaded, sandy,soils. Stolon internodes up
to 5 cms long, 2.7 mm wide, slightly compressed and acutely but
shallowly double keeled. Culms robust, ascending or ergct.
Sheaths 6 mm wide, compressed, glabrous, striate, widely flabel~-
late. Blades (2.5 =) 11 (- 25) cms long, 15 mm wide, linear-
lanceolate to oblong-lanceolsate, from a rounded base, symmetric-
ally rounded at the apex, light green, glabrous or with remote
appressed hairs, the margins with few short hairs but with hya-
line teeth. Nodes glabrous. Inflorescences 3 or 4 each with 2

or 3 strict or slightly spreading spike-~like racemes. Peduncles
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0.8 wm diameter, triquetrous, glabrous, the longest not much
longer than the ultimate leaf sheath. Racemes up to 8.5 cms
long, straight, light green. Hachis triguetrous, glabrous,
smooth or slightly scaberulous st the margins. Spikelets 3 =~
3.5 wm long, 1.1 mm wide, broadly ovate-lgnceolate, obtuse at
the apex, green, glabrous or with few, short appressed hairs to-
wards the base. Second glume corresponding in size and shape to
the spikelet, obtuse with hyaline teeth towards the apex, mid
nerve conspicuous. Sterile lemma subsimilar to the glume but
embraced by it marginally. Fertile lemma and palea subsimilar,
1.9 mm long and 1 mm wide, the former without an apical tuft of
hairs, or the tuft much reduced, and embracing the latter mar-
ginally. Anthers brownish-mauve. Stigma msuve. Fruits 1.7 mm
long, 0.9 mm wide, elliptic obtusej; the embryo occupying the
lower half of the grain. Hilum small, oval.

a A. compresso (Sw.) Beauv. pedunculo folii terminalis
guam vaginag raro multo longiorej inflorescentis strictis vel
suppatuliss; spiculis longioribus, 3 - 3.5 mm longis, subacutis,
glabris vel rarissimo pilo; nodis glabris; stolonibus crassi-
oribus; foliorum vaginis et laminis latioribus; laminis glabris
pallenti Viriditate; folio terminale longitudine reducta differt.
Cuius exempla in collegio Fourasinense herbarioque Kewense re-—

posita sunt.




Axonopus affinis Chase.

Perennial up to 30 cms tall, forming tufts or spread-
ing into a matted cover by slender rhizomes and short, many-
noded stolons. Stolon internodes up to 3 cms long, 1.2 mm wide
(seldom up to 2.5 mm), compressed and slightly double keeled,
nodes glabrous to slightly white-hairy. Culms slender, erect
or asfending. Sheaths 3 mm wide, compressed. Lower sheaths

crowded, flabellate smooth or striate. Blades (4 -) 20 cms long,
(3 =) 7 mm wide, linear, obtuse to sub-acute at the apex, flat

or slightly folded along the mid nerve, glabrous or very sparsely
ciliate, margins ciliate. Ultimate culm leaf 1.5 -~ 6 cms long.
Inflorescences 2 - 3, each with 2 or 3 spike-~like racemes.
Peduncles 0.5 mm diameter, itrigquetrous, glabrous, much longer
than the ulitimate leaf sheath and often flexuous. Racemes 4 -
6.5 cms long, patent. Rachis triquétrous, minutely scabrid along
the margins. Spikelets 2 ~ 2.3 mm long, 0.7 mm wide, oblong el-
liptic, slightly anthocyanosed, sparsely silky-hairy at the base
and apex, with appressed hairs flanking the outer nerves of the
second glume. Mid-nerves of the second glume and sterile lemma
suppressed. Fertile lemma and palea subsimilar, 1.8 mm long,

0.7 mm wide, the former embracing the latter marginally but with-
out, or with hardly any, apical tuft of hairs, crustaceous and

minutely rugose. Anthers 0.5 mm long, p2le mauve with darker

margins. Stigma mauve. Fruits 1.7 mm long, 0.7 mm wide, ellip-

L&
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tic obtuse, yellowish white; the embryo occunving the lower

half of the grain. Hilum small, oval,

Digtributions

A. compressus =~ West Indies, French, British and Dutch Guiana,

Venezuels, Columbia, Eguador, Peru, Brazil, Bolivia, Paraguay,
Argentina south to Tucuman, Paname, Costa Rica, Wicaragua,
Honduras, Salvadore, Guatemals, South Florida, Louisiana, Hawaii,
Japan, Malaysia, Indonesia, India, Assam, Seychelles, Natal,
Zululand, East Transvaal, Swaziland, Congo, French Equatorial
Africa, Tangania, Cameroum, Nigeria, Dahomey, Togoland, Ghana,

Ivory Coast, Liberia, Sierra Leone, Guinea and Gambia.

A. flexvosus =~ Guinea, 3ierra Leone, Liberia, Nigeria, Congo,

Kenya, Uganda, Tanzania, Zambia; also in Costa Rica,; Singapore

and Australia.

4. brevipedunculatus - Guinea, Sierra Leone, Liberia, Ghana,

Nigeria, Fernando Po, Congo, Angola, Uganda, Honduras, Cuba,
Jamaica, Puerto Rica, Windward Islands, Trinidad, Paraguay,

Assam, Ceylon, Malaysia, Java and Australia.

A. arenosus =~ Sierre Leone.

A, affinis - Gulf states of America, West Indies, Matogrosso

(Brazil), Paraguay, Venezuela, temperate S, America (Alemania and
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Provincia de Tolxa), Singapore, Malaysia, Australia, Japan and

the Pacific Islands.



Appendix 2.
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Sources of materials.

Origin
Mt.Aureol.
Pepel.
Mt.Aureol.

Mt .Sugarloaf.
Bo.
Yonrovia,Liberia.
Legon, Ghana,
Togoland.
Ivadan,Nigeria.
Pu jehun.

Messima,

Leicester.
Njala.
Kindia,Guinea.
Achimota,Ghana.
Messima.

Mano Bonjema.

Abid jan,Ivory Coast.

Gloucestee.
Hastings.
Njala.
Hamilton,

Bonthe,

Hebitat
wel,shaded.
dry,exposed,sandy.
Dry,exposed.
dry,rocky summit.
wet,exposed,sandy.
dry,exposed,sandy.

dry,shaded,sandy.

?

dry,shaded,sandy.

sessonally wet,

wet,shaded.
wet,shaded.
wet,shaded,

botanic gardens.

seasonally flooded.

seasonally flooded,

'‘bas fond humid',

wet,shaded.
wet,exposed,

wet,shaded,sandy.

shaded,sandy,saline.

wet,shaded,sandy.

Collector
D.G.

D.G.

_ D.G.

D.G.

D.G.

D.G.

D.G.
J.MKlitz .,
H.T.Clifford.

D.G.

D.G.

D.G.

C.D.,Adams.
D.G.
D.G.

J.Brun,

D.G.

D‘G'

Reference

111

204
202
203
201,
205
206

207
301
303
304
305
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Pujehun. dry,shaded,sandy. D.G, 305
Bo. dry,shaded,sandy. D.G. 306
Sussex. shaded,sandy,saline, D.G. 307
Florida,U.3.A. Kilgore Seed Company L0
Australia Royal Bgtanic Garden,Sydney. 402

Herbarium collections examined.

Royal Botanic Garden, Kew, 328 specimens of the A.compressus complex,

and specimens of 54 other gpecies in the genus.

Royal Botanic Garden,Edinburgh, 8 specimens of the A,compressus

complex.

Botanische Staatssammlung,Munich. 37 specimens of the A.compressus

complex.
Sierra Leone Agricultural Department,Njala. 9 specimens of the 4.

compressus complex,

Paris Herbarium. Type materiels of Henrard's subsp.congoensis.

In addition to the Paris Herbarium type materials of subsp.
congoensis, the following were examined at Kew:-
Hens' specimen 162 - part of the type collection for subsp.congoensis.
Pobéguin's specimen 4703 - also cited by Henrard for subsp.congoensis.
deSaeger's specimen 1336 - part of the type collection for Proupin's
species, A,fiexuosus.
Curtiss' specimen 6638, Kearney's specimen 356 and Ball's specimens

55 and 415 - cited by Chase as belonging to A,affinis.
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